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SHOCK WAVES
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FIG. 1 SHOCK CELL STRUCTURE

FIG 2 SHADOWGRAPH OF OSCILLATING JET
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FIG. 5 CONICAL NOZZLE
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FIG. 11 PLUG AND CONICAL NOZZLE FIELD SHAPES

FIG 12 SHOCK WAVES ON PLUG NOZZLE
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MESURES PRINCIPALES :
Enregistrement magnétique )b
bande passante : 01 3 10000 Hz o
@ 10 chaines BK-KISTLER (8mbar/16 psf)
@ @ 218 chaines SENNHEISER (S mbar/10 psf)

N CONTROLE :
X —— Enregistrement photographique

2 .
2 bande passante : 0,1 3 400 Hz
@@ chatnes 3 manographes ACB .Z 2010

Fig.2 Focalisation par accélération rectiligne




Fig.3 Exemple d'enregistrement d'une focalisation par accélération
rectiligne
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Fig. 12

Exemple type de focalisation par virage
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Passage sur 1l'axe de mesure des 3 ondes caractéristiques d'une
focalisation par mise en virage
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Fig. 14

Amplification parasite de la signature de 1l'onde
focalisation par virage

avant dans une
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SUPPLY REEL

Fig.27 Transient Data Recorder, top view
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Fig.28

Typical TDR recording of N-wave
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High Intensity Impedance Tube
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Fig.7
Variation of Acoustic Impedance
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Figure 1 - Fan/Compressor Acoustic Test Facility
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Figure 2 - Typical Spectra, Measured Near Fan Face By Acoustic Probe
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Figure 3 - Comparison of Predicted and Measured Results for Two Rotor Configurations
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Figure 6 - Normal Incidence Absorption Characteristics for Two Different

Treatment Designs




Acoustic
Panel

. Downs tream
Ptobe Traverse
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Figure 8 - Effects of Air Flow or the Acoustic Transmission Loss in a 4" by 17,5"

Duct




Figure 9 - 15" Laboratory Compressor with Acoustic Probe Ending in pPc Coil
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Figure 10 - 26" Acoustics Research Compressor, Duct Treatment Test Set-up
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Aerial View of Far Field Acoustic Test Facility (Peebles, Ohio)

Fan Engine Mounted in Full Scale Engine Acoustic Test Facility
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Figure 13 - 36" Acoustic Test Fan, Aft Cowl Duct Removed
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Figure 14 - Comparison of Predicted and Experimental Results for 36" Acoustic
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Figure 17 - Fly-by Test Set-up

Figure 18 - Typical Convair 990 Fly-by Test Run
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Figure 3 Ten Inch Diameter Test Rotor With 32 Irregularly Spaced Blades.
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Figure 4 (Upper) Combination Tone Noise Spectrum Measured During Subsonic Operation Of Irregularly Spaced Rotor.
(Lower) Typical Interaction Noise Spectrum Measured At The Same Condition With A Rotor Having 32 Equally
Spaced Blades.
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Figure § Single Stage 86 Inch Diameter Fan Demonstrator Engine
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Figure 9 Inlet Of 28 Inch Diameter Single Stage Fan Noise Test Rig. In Front Of The Rig Is A Three Degree Of Freedom
Inlet Duct Microphone Traverse Mechanism. “Far Field” Microphones Are Shown At Left.
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Figure 10 Waveform And Noise Spectrum Measured Using Probe Microphone 1 Inch Forward Of The 28 Inch Rig Blade
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Figure 16 One Of Several Inlet Treatments Tested On The 28 Inch Rig

L= c--c-=co- ——oozo T
SIa==z=z=== F _i S
= 2 = =
H:Er— - SSS: ==z = REF LEVEL
f 3 STEZEIZEZE
33 ZE===: ]
EIZZE : ===
15 ab 444 5SS EHEHE F s
= 3 ] t
1 [ESSSSSii8is i
1B =3 =z + — - -
- [BESS5:88 S i .
< : i g {
e PR
-d I x T $
w I .1 {
> = g 3 SZEEEs ==
- 3 1 { b =i H3 1
- [L PPt 3 ¥ $ $
- 1
«
2 T e e e o o wn a e — e gepeg—— —
4 Essss=: SSSSSSEESESE [SSRisE
= ——— s - — i3 REF LEVEL
& =3 z====s ===k ZSSSS33
s = ¥ S=
= ! T § : i : § TREATED
g 15db 1 , } INLET
- 1 FHH i i l'. i {
] it : $ : <=1
. s T ¥ ] .
S8 ﬂ £
H : RfL.gacs
| IR
§ $
% M . . SEERSSSSEaSE
=S 8 3 SRS : i = ; e
FREQUENCY g 1KC 2KC xC axc SKC
P . FAN
COMBINATION TONE NOISE -— eCHiTE
FREQUENCY
NOISE

Figure 17 Noise Levels Measured From The 28 Inch Diameter Rig With And Without The Inlet Treatment Installed
Indicated A Substamtial Reduction From The Treatment













BLANK PAGE



























































































































1 g

———— o]

23-5
HIGH VOLTAGE SPARK
-
s =
SOURCE
SCHLIEREN
MIRROR
™~
/ <p ‘ (b/q / JET
REFERENCE
MICROPHONE (1)
. o TRAVERSING
X ]| MICROPHONE (M)
POSITION, x 4 _ |POSITION
POTENTIOMETER DRIVE MOTOR
CINE (
s p.i1) pt,x)
+ OCTAVE 1+ ocTave
FILTER FATER )
AND AND RMS. |
AMPLIFIER AMPLIFIER [— RECORDER I
FREQUENCY, f Petlt) ! i Pyin) ¥
STROBOSC:
s
PHASE 08! AY ‘
PULSER
=l
veraiit) OSCILLOSCOPE
S ICINE
cO JUOUS LE .
TsweLe GATE ("*T;T*? )
= INTENSITY
MODULATION
PULSE PULSE
AMPLIFIER

FiG. | MEASUREMENT OF NEAR FIELD
INSTANTANEOUS SOUND PRESSURE

FIG.2 NEAR FIELD PRESSURE DISTRIBUTION OF JET SCREECH
#=60° f=3170c/s




23-6

12

100 £ 1S
@314 ¥V3N T3A3T 3HUNSS3I™d ANNOS

(N1) x 3ONVLSIA TIVIXV

€ old

2l

T L T T T ﬂ’- T
( swo/0ukp 20000 34) qP

15966 = dV  3YNSS3dd OILVLS I1ZZON SS30X3
$/9 0LIg=4 ('@ 3AON) AON3ND3H4 HO3IWOS

2!

o

O

(NI) £ 30NvVLSIG Tviavy




&

i R G N o st Vi ot

b, MG oYL

(8314 3Avi00 ¥ ¢ w0 0LEs})

(x-d) ‘NOILLNBIYLSIA 3M¥NSS3¥d HOIIHYOS v 94
(NI) X 3ONVLSIA IVIXV
12 81 Sl o m_ o a. . " d F: z m— P £ n.v m-

(9987782 '0=149)
J06'0s# ' SLE=A

ASHIAVHL Q7314 VAN @)

(2087 8L0=1V)
006's0=# .IN->
JSHIAVHL AHVANNOE L3r(e)

i~ e

3J0T3IANI ‘NIN— 7\

3HNSS3¥d HO33NOS

Juo/eukp OlX L2) W d

|
Sirall
|
3dOTIANI XYW I
e AVAY/ (AN AT
| |
REAANIAVAR IR
| | ! I ™ I i
I o I I i
! _ i : i : I
| | " | I | “
@) I i i u } I +
} | 1 | _ | I
" | I | ] |
JSLE=A i 1 ¥ i i g |
:: .
.Jy .
068 (F
MO Y
R
ey = & W
INOHAOUAN AN
m 434
g & R
N
x x =S
Gl » N -
- A A + B A A
12 ] ] 2 3 9 T ) (&

~

_;“




# e g W S R Ry

NEE g e

23-8

(40=#) IJIOAD HO3IWOS ONIHNAG 3¥NSS3Hd ANNOS S old

(NI) x 3ONVLSIO “VIXV

(NI) £ 3ONVLSIQ TvIavH

(qwo/oukp O1x L2) @ @
SHNOLNOD 3¥NSSI¥d ONNOS  SNOINVINVLSNI

[ -0
8466 = dV  3MNSS3¥d OILVIS 3INZZON SS30X3
HLIMONVE 3AVL00 §
$/9 OLIE=4 ('S 300WN) AON3ND3Y4 HOIIWOS
A A A A A A A A A A A A A A A A A A A
vZ [F3 8l [ 2 3 9 € ) €- 9- .




RIS ¥ A T

23-9

m-.-u—-; e T 0 S ESR——

e

(quwo/oukp (O1% £2) W @
SHNOLNOD 3JMNSS3Md ONNOS  SNOINVLNVLSN

(09=#) FIWAD HO3IMHOS ONIHNA 3HUNSSI¥d ANNOS 9 9l4
.. (NI) X 3ONVLSIC WVIXV
ﬂ 12 a Sl 2 6 9 £ 0 e 9-
L\ ; et T T T T p— T T T T T T T T T T T T T T T s ey n_N

o
18466 = dV 3WNSSI¥d OILVAS FIZZON $S30X3
HLOIMONVE 3AVL00 §
/9 0LIE =4 ('8 300W) AININO3MA HOIINOS
A A 1 i i i " i A A 1 " A 1 i 1 i 1 L i " 1
ve 12 “ m__ W_ 6 9 € ] | & 9-

(NI) £ 3ONVLSIO Iviavd




23-10

(c021=$) T1OAD HO3IYOS ONIWNG 3HNSSI¥d ANNOS L 914
(NI) X JONVASIO WIXV
6 9

2 12 8l sl 2l £ 0 g- 9- &
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Ale -2
- Yz
- 2
1 5
= 4 1
o
o9 & CT
il
L {1 »
z
L o
1 m
¢l e <
i (aWo/ kP 401 ¥ 22) W 9 1z
SHNOLNOD 3HNSS3¥d ANNOS SNO3NVLNVLSNI ~—
o o
sdge = dV 3MNSS3ud OILVLS 3ITZZON §830X3
HLOIMONVE 3AVL00 §
$/20LIC =} ('8 300W) AON3ND3Yd HOIIWOS
i A i A A A A 1 i 1 i A 1 L 1 ' A 1 i A 1 i 1
ve ..u m_ m_ w . 3 . 9 € : 0 €~ 9- 6-

e s e i, P i, i M. S— . o . . - - — —




23-11

(o081=#) 3ITDAD HOI3WOS ONIBNA 3IYNSS3I¥d ANNOS 89l

(NI) X 3ONVLSIO IVIXV
_ S—— .

(qwossoukpeOrx £4) @ d
SHNOLNOD 3MNSS3Hd ONNOS  SNOINVANVLSN

of L
18956 =dV 3WNSSI¥d OILVAS 3I1ZZON SS30X3I
HLOIMONVE 3AVLO0 &
$20LIE=} ('@ 300W) AONINO3HA HOIINOS
vz iz ] ] 2 ] e 5 .

(NI) £ 30ONVLSI TvIavY



































































































































































25-17

FniL 2
G [ ¥
n\ll’/b

.& vHd NOILINS

NO/LI2NS
FJINISIVSYINC

JISVNd FINSSIN

T ﬁﬁw @wﬁw


































25-28

INCIODENT SHOCKS

INCIDENT OVERPRESSURE 4\
/ /\

REFLECTED SHOCKS

2

2-DIHENS/ONAL

3- DINENS/IONAL

Y—/NCIOENT SHOCKS

| REFLECTED SHocks
mmmﬁmmm?m

c)

Fig.33




T
"
|
|
|
,_

INCIOENT SHOCKS

Q
¢
w
Y
3

SHOCKS

)

2




BLANK PAGE










































BLANK PAGE
























28-6

50 Pa .

20ms

i M_‘El.g,.l_._lxglsql_‘sgla b'g\n.q_'v_/oveform

P e e PP ™ T min e - - o= -

50 Pa

Fig.3. Waveform from a pair of explosive point charges
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Fig.6. Calculated waveform from a uniform explosive line charge

Fig.7. Measured waveform from a uniform explosive line charge

Fig.8. Construction of an explosive line charge to
yield an N - waveform




Fig.9. Waveform from an ERDE Mark 1 explosive

line charge
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Fig.10. Energy spectra of the waveforms from
an ERDE Mark 1 explosive line charge,

an ERDE Mark 2 explosive line charge,
and an ideal sonic bang
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Fig.11. View of test building
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Fig.12. View of window arrangements studied
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Fig.13 Creep measurements of leaded lights excited
by simulated sonic bangs

Fig.14. Waveform from an ERDE Mark 2 explosive line charge
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Fig.16. Comparison of the waveform in the Blunderbuss

with a typical sonic bang waveform
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Fig.17. Artist's impression of the Blunderbuss
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Fig. 18 Comparison between measured and calculated responses of a wall
of a model building in the Blunderbuss
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FIGURE 4 - TYPICAL NASA LANGLEY WIND TUNNEL MODELS FOR SONIC BOOM STUDIES
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FIGURE 5 - CORRELATION OF NASA WIND-TUNNEL AND FLIGHT SIGNATURES
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FIGURE 7 - PRESSURE SIGNATURES PRODUCED WITH THE LTV SONIC BOOM SIMULATOR
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FIGURE 14- SQUARE WAVE PLATE - [GASL PILOT (PROTOTYPE) SONIC BOOM SIMULATOR]
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FIGURE 15- N-WAVE PLATE - [GASL PILOT (PROTOTYPE)SONIC BOOM SIMULATOR]
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FIGURE 16~ FAST "N" WAVE PRODUCED IN THE GASL PROTOTYPE SONIC BOOM SIMULATOR.
PEAK PRESSURES CORRESPOND TO ABOUT 10 psf.
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rise time is programmed by the mass flow control
valve.

FIGURE 21- DEMONSTRATION OF THE ABSORBER - (GASL/NASA SONIC BOOM FACILITY)
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FIGURE 22 - MEASUREMENT OF DYNAMIC RESPONSE OF LARGE STRUCTURAL MODELS IN GASL/NASA
SONIC BOOM FACILITY
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General view of jet noise rig.

Fig.1
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