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Yy MEEZITS MOy N OEALARE, B EX S O ER D TRV A EANT I
DIEKHSND KD 1Z7 o7, PHAL LICHE-> T, BERAREEEEEZREI T 200 L VI HBEIZDOWTEZHD
FEDThN, ERIZE T 2 SR EDHEBR A A= XL DONVTOHEAER L TE /2. BE—RIIZITA
NoNTVWSEEZL LT, FlAIE Tam? 22195 & -

e Mach wave radiation,
¢ Fine-scale turbulence noise,

e Screech, and broadband shock associated noise,

NETONE, BEHOERTEHEM L REZDM 1 DHOT Y NETH O, M4 U7z KB ELE S A58
FHTHBRTIILILL>THRETRLEZONT VWS, TR THUNLELRZENC X > TFEH (fine-scale
turbulence noise) 234U TW51Eh, FREBERD KM ECRERFIZY a v 7 2L EIEIEN 2 EREEEVEL 5
BEiE, SLIRETEIE L BN e DT L > T3 DHOFER»EL 2 Z L BHISNT V5.

ZOEIIZE L DHMMPBONTVWSHHER (Tab5 7 Zh 6 KEHABIZEE B3 HEN) o] LT, £
DI EIZ VI UIE L W EHERERDS RN S 5. 20— D W ERBER 22T 28R, ThbbBiEEREchb.

LM T A IC B W TE, FIRIXE Ty b OHERUIER O S kS A~ O g, e A PRI B 1) 2 HESE DR
DU ~DMEZE, F MBI BT I2HELKRERD AT AN Y N=H2T7 5y Tl EEEREENDEZE L W > 72551
BHha., Zho OmEEGRIE, MEEOLECIIREOMELZ, 7207y rOGAEICIEEENRE VWS 5122
T4 ANVIRMEEZR ERIT.

Oy MZBITZEEMROMEL X, ROL5%2E0THS. ary MIT ETORM, ErRiREizzsdnd
2, TORTHRICEERLDONY 7 A VRO FERIC L DIRETH L. HIZIEAR—AY ¥ MLOI LRI
Fig. 1.1(a) ISR T & 512, EWERNETOFEL ~LIE, V7 b4 7HEBIZ 135 dBIEL £ T ERL, %7Fig. 1.1(b)
ZRS & D ITHREIA W JEREUS 7 DIRE AN Z 505 Z abﬁ#53 ZD &S RIEHEIBOME RS FENHR) |
A=K (87 bARPER S Wz ATHEESE) (20U, Bt Ol RE I OREY 25 2 2 3 0 h %ﬁ
H5, MOTERKREETHS., ZOLEFERGFHETHHLEISNTWVWSON, Ory T VY Y OHXIERT
H5. PFRERIE, TUIVEKNSY 7 MATESKETOM, M EOS MM (Rrza sy ME N ICHERIET % M
FNEDT 72 DI E S N KB ~NEZET 5. 207, HEER?SE LD EEER, VI MATROFH
hRIZKES EHboTVWEEEZLNTWVS

BB S, FMMIRBIRGH - BRZET 25 Z LIS HFEa A - HIFOBLR» S, EROury MTE
RN E R 2 SRETYHIL, £/-0fERRY TOMER (KT 208N H 5. EETIER T v b Ol & U
THRINROAMFEE WA THFEERREL BT ONTEVY, ZoFHledH Iy NOEBESF I E2EDS7-01C
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Fig. 1.1. Example of acoustic environment in the payload bay of Space Shuttle. (Data from O’Connell et al.?)

iy Ial—varvo3o0b5. RERAKETILE LTI NASA SP-8072° AiHI65h, ZOWREMIT ST
% M3, 0°9 SEAETIE R BB S GHREAN O FZIT M- T, BURMMT I L D RE DR W EFEREO FHITh b & 51T
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AT = VRO EEL NV BIFIZPHTE S 2 2 2|ELTWS. £7-ZDIEH, Tatsukawa et al. 2 (XK J AR
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DHFERALEZNTA =R LT, 727V Y IEFEOEEL RV KRR ORKTET, I AR 7R
DEMES 2 HINBBE Lz & EORGEPIREF TS, 720 I0o, 3T AT —VikBRIC AR 2 L BG4 kT
EH2E0D, TR HEBOMBEERE27-OICIIMBO THHE IR MDELRDE 2 VI SIRERH 5. Flx X%
23 U 7z Tatsukawa et al. 1?2 DFE/LTIE, IV E2—&ZT2000 27 2HWCTH AR ZELTEY, £
Tsutsumi et al. 1911 (2 XX, EEEROIH EIFRHICEND & 5 R EHEECE + 0 X 721380 A h % & o
HEdHD. EBEOFETIE, KERANOEMZIRIEE S 2 A, EEEORMZRHSEE SO THRZHEET/ ST A —
RDPMFAET B1EH, BTy bDOEFI > TRA A4 GEBGNREIT 22805, TNODHEEITHIIEET D
72DITIE K DR R FPUFEL BETH 5.

BN 5 24 U 2 H 8 A RN FHIT 2 720121%, EHREEERORNIGO R T ORBIBR S E LW D
FEIZED> TWED0, DFEDEHEER»SZFEWFEL DA ALEEMEL T, LORTHIEEINZET IV E
WETLZZeWENRT T —FTh5. TEBRORERAN=XLIT L >TE, FHRIODITELFS SO IEE R 2
EFEFMIII Iab—2a T 30ENESRD, HEICK o TR EEROGHERZE MBI ED & 0 5 0 Al
PODTHNTEDLIICRDHGESEEDHD. Ldio THREANZAXLZEFET 52 L1%, THEMICMO TEET
H5. FHZENEELBTOBNED? 51X, BN &S R EHHERO TR EA =X LI LT, EEERIC
BOWTRADHALEND DD, HEWVIFHHBER TASLONS LD BHRIIEIVTHHPINLZDN L WS DN
THELPEL S, ZOXS BBAD»S, EEERIZET 2 E RO EA AL EMHET DT LITIEREREED
HBLERD.

1.2 FATHR

I CHEEEOHEEIRIZOWTEZHOMEITTHhNTE . AHITIHINSBITFMETHS 2o TV B
BUZ DWW THIIT 5. Section 1.2.1Tld F 378 F #EREROMNIZITOWTRL, il TSection 1.2.27T I HEHUA
WBEFIZDOWT, F7zSection 1.2.3 Ty TS EIFRHICRIEE 25 & 5 LB B COWTEHHT 5.
RBIT, BT 5 EEE HEROREIZ DWW TSection 1.24I2F & 5.
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HEEEERER O NG IX, HHEROEAE LD b EMmbD 5. £ DFET, RNGIERE DT TRD
3 ODMHEN LS LHATND:

1. EHHMEFES (free-jet region),
2. E2E4E8 (impingement region),
3. BEMERAEE (wall-jet region).

D &S RIFNIGOHA DO EAM DF & LT, Donaldson and Snedeker!'3 2% 51 5. Figure 1.212 % D1 T
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ET D, oL EHREONANCIE, AVHORE - E O, TOWMEET v AT EENS.
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WU, FEEERANICIIHEEBRES LA U S Z 2%, Donaldson and Snedeker 3 i2& > Ty a ) —L VE
HOAANTH=RZ=V RSP I N, FAFOHEEIX, Ginzburg et al.'* ¥ Gubanova et al.1® (& > T
LBEINTVS.

T 2RO TRAEE T 5 R EFEERICD\W T, Lamont and Hunt'6 12 & > THIR SNz, Zoffk T, F
BRIGIAY £ 2 WIS B L 00° 05 30° 2T, 72/ ZOLEARRIBMER 1D — 15D (D 1/ ZVH#AR) & T
S, V¥ NU T I TBEREEBES A CICRNOENER I N, TS DRMHIZE > T Rz 3 HEF A I
RRIZRD 7z 42 U 2 B kG &, E2ITHE S Bk e OAEBRIZ L o T) HRARERBEONX -V R8ing 2
ENW SN, TNSD DT — ADEEMEEIZ DWW TIEX, Kim and Chang!” OBUEMEFF THHR 5h
7z. T D% Nakai et al.'® 1, v a2V —L Ve PSPUREREL) 1T & 2BEEFHANE R 2 uic, Rl M s
BN ZOMEEFig. 1.31T7° 7 & 5 ICEREN S 2 A ER A (Fig. 1.3(a) FTIX0) &, Uil o v
SEAREIRERE (B L/Ls', 7272U Ls' 137 ZOVHO 0 S ERA R KR & 8 B 00E £ CTOiff) CRIELZ. ZofT,

Wall jet régime

7
Nozzle Impingement régime f Z\
Free jet régime \ﬁ 7 /

re
—dy=0-511 in.— * = -

7
N
| -

P model

-~
A

Fig. 1.2. Schematic view of impingement flow with flat plate model in place.?
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(a) Classification of the flow patterns. (b) Definition of the shock cell length.

Fig. 1.3. Classification of the shock pattern in an under-expanded jet impinging on an inclined flat plate.'®

BEWHEEZIRD 4 DDNRX— AT TRLUT WS,

o Plate shock & WX 2 LR, KOZ DI tail shock & XN 5 EEEKEAEL 58X — > (Type I): *F
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PN WEHIZHENS.

X 512 Mcllroy et al.'® % Goto et al.?0 Tl¥, TNS5DTr —ATERBHEIZEIDE — 2 BENSHEIZDOWTE
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MDIRT Z T, AR LIRS & MRS U, RO < v NUZ K o TURERMERISIC > THERIEEEL 5.

O &S L EEWEE L, Section 1.2.3THD EIF 2RO FEHRAEET 2 HEHEEROGEICLBIEINT VS,
f# Z21% Brehm et al.?3 12 & 2 BUEMENT#ER %2 Fig. 1.412R9. ZOMETIE, 7 ZVEAREER 5D (D 137 X

HERE), SEARMERA 45° ORI ERAEZET 5, < v 1.8 M ERRER A G & I Nz, Figure 1.4(a) 1%, KFHE
YAREAT (12720 (P — pres)/Pres THIKTTALSNTE D, prey = 100794 Pa) O RIT, FEEREHEE OBRAX %2R U
725 DT, FTHEBEREN (plate shock) (2 & BJEN ERAMED, FHARANRN S BICIEIRER & MR E U
TWbZenyhsd. F7zFig. 1.4(b) TIREBEMANIZH WV S5 normal Mach number M, = (M - Vp)/|Vp|
(FENABLHED Y v NE, 72720 M IEI Yy NBRZ DLV OB &Y, TR EICHEDCEEE (M, > 1) 5
Bl (M, < 1) ~NDEDZEMED & 57, IR O (tail shock) BN TVWS Z EAVRINT WS,

51T, RO RN DEEBEFIZ BT tail shock O ZXIEHEEIZD\WTIE, Brehm et al.?? & [FHBRD % 54
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Fig. 1.4. Mean flow visualization of an ideally expanded Mach 1.8 jet impinging on a 45° inclined flat plate.?® (a) The
schematic detailing the structure of compression and expression waves on the color contours of the mean pressure field. (b)
Color contours of normal Mach number M,, with black lines for M,, = 1 and 't marking characteristics.
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Fig. 1.5. Time-averaged wall pressure distribution (color contours), three-dimensional shock structures (magenta isosurfaces),
and stream lines (black solid lines) of an ideally expanded Mach 1.8 jet impinging on a 45° inclined flat plate.?
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1.22 BERERETOBMBAREE

R R SRR A o T, BEBUR B & IR IR EECE A BN S 5. 2D 5 BAMZE T, 581 5 (Section 1.1)
Tl LS 20 7y M EIFRICEICHBEE 25, JRRSEREEISEE TS, JUT LT, BEEUEREE 3



B1E rim 6

A EER LS BEAEHKDO D THY, TNETELOMETHRSNTEZI NS, TOMEIZDWTA
HiCHHT 5.

BRI BGE DR EADIEICET 5L ¥ a— & LTI, Henderson?® 12 & 26 DA 55, MEEEFRIIAE> T
BEBURIREE P E L B Z 2 id, FTHEEHERICEL T Marsh3? 12 X W #RE X, Z D% Ho and Nosseir?® KU
Nosseir and Ho?* (2 & > T, ¥4 7 vk v BOM BB OFERICEDIWT, KD 2 DDEENSKRDE T 4 — K
Ny 7 )— TN K o Tl O T ZE MR O 35 5 T BEBUR I BCE 3 U B LB S vz

o WEIRZE NIRAMANEIT 5, KHEMMHEE (large coherent structure),
o IERDED & FHHET LR ARINMERET 2 F 8.

F 3R E DO RN DERIZ & > THEEWAFRAEL, TOFEWHL EFRAEEL T/ XV H O CIERRIZ
BHEMAS. 2L ZOBAPHU FRABIRL T, EHERICEEEEZEALST. Z0L3CLTT7r— K v
N—TPEREINS.

IDEAS %I SIZFHESE, Powell® IHE HOERIEFROLE ICHIE S N AKEEHHT 57200 %
mRUTz e
h+h—s+ S :N—i-p.

Co Ucon,u Ucon,d f

ZDORIEFig. 1.60RMERT DT, LEUE—THIEWKD» S/ ZVHEIOE TORERE h %235%E cg TIEDL D DITHhHh D
IREf, 55 " IEAY ) ZOVH b & WERGE SR I & COERE h — s % RBUEHIRAEE DO EE Gcon , THIRS 2 DIZh 0
2 IRef], = IHASMERUE SR A S iR CEARAE) & CORME s %2 KBUBHHRRGE D Y9 E tUcon g THIRT 2 DIZ
PBEEHETH D, TN DD B BB f O— A (1/f) OIFIFEEAE (N 1T T, pldfiflE%2KT) &7
5ZLaRLTVWS. ZOREHWT, FHIRERD S Ucon,u X Ueon,a [CHYMT DR E KD, NIZEEEANLL
SORPEf 2L D, ERICHES NS BEEARIFCHIAI NS Z LS M IN TV S.

AT, 74— RANY 2V — T2 BT 2EBRIIOVTE SICHMAIPEATETWS., TTEERMD, /
ROV A & B S0 5 C O (B HERAEIR) 2B 2 KEBHMBEETH 5. ZOMED BRI DOBILIT
Krothapalli et al.3¢ (2 & o Tfrbiiz. Tk PIVORL FHlEIERE) sHIC X2 DT, ¥ vy 1.5 O# ERIRIE
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Fig. 1.6. Schematic view of the feedback loop.*® Fig. 1.7. Schematic view of the phased velocity field sub-

tracted from the mean velocity field.*
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Fig. 1.8. Comparison of non-dimensional static pressure distribution for the initial inclination angles of 35° (left) and 15°
(right).® (Vehicle altitude was 4D and D represented the nozzle—exit diameter)
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Fig. 1.9. Normalized static pressure at liftoff of a H-l1IA rocket.? (Vehicle altitude was 16D and D represented the nozzle—exit
diameter of SRB-A)
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Fig. 1.10. OASPL distribution on the symmetrical plane of the acoustic field around a supersonic jet impinging on an inclined
flat plate.®® (i) The Mach waves from the free-jet region, (ii) the acoustic waves generated in the impingement region, and (iii)
the Mach waves from the wall-jet region. (Nozzle—plate distance, 5D; plate angle, 45°; unheated, Mach 2 ideally expanded

jet)
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Fig. 1.11. Typical schlieren visualization image of a su-
personic jet impinging on an inclined flat plate. (i) Mach
waves from the free-jet region, (ii) acoustic waves gener- Fig. 1.12. Phase map of the gray value fluctuation of
ated in the impingement region ((iii) Mach waves from the the schlieren visualization movie around the impingement
wall-jet region are generated in more downstream region). region.
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Fig. 1.13. Schematic view of the flow and acoustic waves of a supersonic jet impinging on an inclined flat plate.
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107 . . : .

" Period of relative qulet , Large-amplitude events

SRR

0.1

0 50 100 150 200 250 300
Convective time scales, 1*u, /D

Fig. 1.15. Frequency distribution over a short period of time of a typical far-field acoustic data segment (obtained using
Mexican hat wavelet) at § = 30°.% (The convective velocity u. = 266 m/s; nozzle-exit diameter D = 25.4 mm; 1 convective

time scale almost equals to 0.1 ms)
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