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— Abstract B —

The objective of this study is to find experimentally the characteristics of the noise generated
by the impinging jet on the normal plate. and also to compare the noise characteristics of the
impinging jet with those of the free jet.

The experiment is performed for the measurement of the noise spectrum, the noise power, and
the directivity for the free and impinging jets.

From the experiment. it is found that the power of noises generated by the free jet as well as
the impinging jet is proportional to the eighth power of the jet velocity through the circular
converging nozzle, and that the noise power of the impinging jet is 15dB as high as one of the
free jet when the plate distance is about within one to three times the nozzle diameter at the
pressure ratio 1.39. The sound pressure level of the impinging jet depends upon the jet pressure
and the plate distance. The plate distance with the maximum overall sound pressure level is
increased with the jet pressure. The directivities with 1/3 octave band frequency for both the
free jet and the impinging jet are greatly influenced by the convection effect.
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Fig. 1

Configuration of impinging jet system.
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Fig. 2 Schematic diagram of the experimental
apparatus.
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Fig. 3 Noise spectra of the free and impinging
jets.
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Fig. 5 Effect of the plate distance on the noise
power level at R=1.39.

2%4AE HUAd 229 F A dadE AL
& Qo Bwo] B8 27 UF e 7
357 %0 B 7] WEoR veln
WR4Est 588 Aoz 4749 B8 h/d=
b/d=37He] FeME AfERA vsel A1
15dBol A sk A% 2 & A} olsh o] 57
PO AT £ dERlE

Al Be we4d 3

c

NF‘
ol
o
il
o
i
)
£
r_{
S

h/d=20lA 7} 73 ASHYE e A Marshm
o] AgAzor 4 A3t A & 5 Uk

Fig. 62 h/dd M2 FELFY S¢eld s ey
a2 2Ag Aot} AFERY ASe ERFEOERH
45" "WekoiA F e gholy FEEFY A$e HHY
FHZ 15 "kl h/del whel 23 g Az}

01 23 456 7 8 910
hvd

70

Fig. 6 Effect of the plate distance on the sound
pressure level (6R=1.1.® R=1.19:
*+R=1.39 ;4aR=158: OR=1.77: @
R=1.87)

O Hue F4HEE 2 h/de &Y R

z, g} gobds
& b/ B A

oAAe #8540 2589 4884 h/d% Rel wie
e Weolth @9, h/del e g Wag
Hel R=1.3908elME Sgele] 2 Zoz wsks
1580199 gulanE Sgdne 3H%e Ax
BT ¥ 5 odbH ol YA HohISE £4
Z7hgol Zas] Rt

. ]

oo
(=4
T
\

60...4‘;;1.1.4;11

03 04 05 06 07 08 09 10
Mach number ( M;)

Fig. 7 Jet velocity dependance of sound pressure
level(~by U law: o free jet: ® h/d=2:
¢ h/d=7)

Al kel 01%51 2 EE

1011\1['_ h/d=2¢9 #

* 10 °M; o]t} E*]%
|

n%%%% % 0.5
7, h/d=7€ 0.89
MV FEERe sgdLe

f&e] 659 WaK YD ARER) Ads o] §
&9 g3 vlad F ANFE wedFD Aok olRe
Aol gt pawael Eie 82 Bl 38
&2 4349 ofsted wYHE Aol ohfe} 434
g A e supdele ARzA BA BBe GRUE
Be FPE 8L e dew 2 4 A g
oA AREFEC FEEFE 97 SHage) An
FEEFANE £04 3290 B 297 23
A e BT $FESASI O 2 A AL &
9t

Fig. 8& R=1.399 ®ZzddM AFEFo A7
A& 1/358E dayz 243 Aveltt, 23dde



oEE 0BT Hu%

14

e

So BHHT BRe 9HE D] BRE

‘g 170744 Zstgch AxE Azl A

24 golol HRE FHRT BFES
1

u

11

O

rx 2 oHe
(]

AT

o o

Q7337 20kHz 28 byl el AL
o sEuE Asted SAHo] EFe

24 7} (refraction effect) 7t AFAI 57
2o 7V AFE &2 A7I7E Aokl e

=
hil

& [e]
Aggs woln Age ¢ & Ak 27
=)
-
A

o g 3

o du © e 4t

il
[
2

]

e

dB

(b) f=20kHz

1/3
frequency for the free jet

Fig. 8 Directivities with octave band

Fig. 9% Fig. 8% #& grajuzdely 4¢ 4&%
gz waste h/d=24 we FEERY AYHE

1/3ued e 23 Aol

Aedel 2AuedE Bel FURAEE NECR &
o A8 170744 ZRsAT. 2PelM Bxeo] T
Frpde ut < Zo| A} @ Eg]

% Aol A &St
{(b) f=20kHz
Fig. 9 Directivities with 1/3 octave band

frequency for the impinging jet

oA ol o}gd NFEFL FEEHY LEFA
o Be A8 sPH AW e e ZES 4
]t
1) 2289 =Z7)E BEeEs dae] xd we o
an Bagido) ¥ 448 350 A He Pad
gx= doja w8, £ FESY BYSR FF
vao 42809 AgEFo vl Hx 15dBold

— 88 —



227 A7EGHA H 5E A 2 & 1996. 6

Eo.

2) AREFEIN FES EF £59 83 Hase
SEUER sl

3) $EEFY APYe ERY dRAAR dsld B
FEHAM L&A A PG Holo £{ES 71Ee
o AF% 115" weor 2 AgE Hevt

1. Marsh, H.A., "Noise Measurements around
a Subsonic Air Jet Impinging on a Plane
Rigid Surface.” J. Acoust. Soc. Am.. Vol.33.
pp.1065-1066, 1961.

2. Ho,C.M. and Nossier, N.S., "Dynamics of

Part 1:The Feedback
Phenomenon,” Journal of Fluid Mechanics,
Vol.105, pp.119-142, 1981.

3. Nossier, N.S. and Ho.C.M.. "Dynamics of

Impinging Jet, Part 2:The Noise
Generation,” Journal of Fluid Mechanics.
Vol.116, pp.379-391. 1982.

4. Powell, A.. "On the Edge Tone.” J. Acoust.
Soc. Am., Vol.33, pp.395-409, 1961.

5. Krothapalli, A., "Discrete Tones Generated by
an Impinging Underexpanded Rectangular Jet.”
AIAA Journal, Vol.23. No.12, pp.1910-1915,
1985.

6. Umeda.Y., Maeda, H. and Ishii.R..
Tones Generated by the Impingement of a
High-Speed Jet on a Circular Cylinder,”
Phys. Fluids, Vol.30, No.8, pp.2380-2388,
1987.

an Impinging Jet,

an

“Discrete

10

11.

12,

13.

14,

— 89—

. Henderson.B. and Powell, A.,

. Powell, A.. "The Sound-Producing Oscillations

of Round Underexpanded Jets Impinging on
Normal Plates,” J. Acoust. Soc. Am.. Vol.83,
No.2, pp.515-533, 1988.

” Experiments
Concerning Tones Produced by an Axisymmeric
Choked Jet Impinging on Flat Plates,” Journal

of Sound and Vibration, Vol.168. No.2,
pp.307-326, 1993.
. Dowling. A.P. and Ffowcs Williams, J.E.,

Sound and Sources of Sound., John Wiley &
Sons, 1983.

. Lighthill, M.J., “Jet Noise,” AIAA Journal,
Vol.1,No.7, pp.1507-1517. 1963.

Curle, N.. "The Influence of Solid
Boundaries upon Aerodynamic Sound.”

Proc.R.Soc.London. Ser.A 231. pp.505-514,
1955.

Maa, D.Y. and Li, P.Z.. "Pressure Dependance
of Jet Noise and Silencing of Blow-Offs”
Noise Control Engineering, Vol.17. No.3,
pp.104-112, 1981.

Lush. P.A.. "Measurements of Subsonic Jet
Noise and Comparison with Theory.” .J.Fluid
Mech.,Vol.46. part 3, pp.477-500, 1971.
Ribner, H.S.."Perspectives on Jet Noise.”AIAA
Journal Vol 19, No.12, pp.1513-1526, 1981.



