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Previous studies reported that there are three types of acoustic waves generated from a supersonic jet impinging on an

inclined flat plate. The acoustic wave perpendicular to the flat plate is one of the three waves and its generation

mechanism has not been clarified, but some researchers suggest that the interaction of the turbulent structure of the jet

shear layer with shock waves can be attributed to the generation. In this paper, a numerical simulation is carried out using

the model of a supersonic jet impinging on an inclined flat plate with an isolated vortex put in the shear layer of the jet.

The propagation of acoustic waves and the transformation of shock waves are discussed.
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Fig. 3 Distribution of static pressure of inlet disturbance
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Fig. 4 Relative speed vectors of inlet disturbance
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Fig. 7 Time history of static pressure at the point P

Table. 1 Passing time of vortices at the point P

V1 V2 V3 V4 V5

4.6 6.5 85 102 11.6~12.0

Copyright © 2018 by JSFM



3.3 BERDEBELURE

1 E BT DT K-> THE U BN A BIER 572, £
AT, 2.0 < t < 18.0 IZBFHESHD= % —% Fig. 10
WY

23 plate shock (ZEES AR t = 2.0 TIE,  H WA M
ORI TIVREENIRSND OO, ZORRTTRIE TX
DEEIFE L UL,

IZUDICEE T AEEIIYL, t =6.012(x/L,y/L) = (4,3)
FEECRAT AN A THD. TR ATt = 14.0 IZT T,
EARTEE A~ SR LTS B A VA L hma e Y
% &, Hliplateshock P FHETHS. EHIZ, Fig 8 ITITH
B A DEBBXHSHET 2EMIVRLTH Y, ZOEMB LB
THENDOAET~D &, FEHOMYIME (al,a2,a3) 3 JURRKAE

(A1,A2,A3) M Al al, A2, a2, A3, a3 DIEIIFAELTNDZ ER
bipolo. THHOBIOT %77y b LIZHOA Fig. 9(a) T
5. BHHNE, FNENOBMED T 1y MRS e A
RLTCND. P ITIFE LT 2 22 ot IME - fRfED
AR L U, BB DR L CRo-& 2 A, Table.2 1B
DX 7T

WIT, t=8.012(x/L,y/L) = (4 1) FHECRAET HEEN B
DEIESTE, t=14.0 10T Tx flBEOHAEA~EEELTONL.
TN B I L ChEoRAE L FaE=ED &, BRI plate
shock [T 5. 5857 A & [FIREIC Fig. 8 IR B ETo
ENDHER~D L, EHOMIME (b1, b2, b3) BLUMKE

(B1,B2,B3) »3B1,b1B2,b2,B3,b3 DIEIZFELTEY, #hb
ORI % Fig. 9 )72 b Uiz, il o P ¢
FEARGZL Table. 2 FED X 517877

51T, t=16.0 IETIX (x/L,y/L) = (6,4) fHECTRAES
DEE C DMIESTE D BRI x TR HTTH Y, D
IR ISNT % first tail shock F3Hi(x /L, y/L) = (7.7,3.8)

CLFET &92) fBrThd. £77, Fig8 |(TRITEMR ETIHE
JIORIME (cl, 2, c3) Acl, 2, 3 DIETRALTRY, Fhb
OBitAE 71 v hLIZH O Fig. () Th b, 7258 C 128
U CII A DRI E DS L 2> T2 72 D T IMEORB R D 72 %
SRLTWD. LT TFA LIZREZNT Table. 2 TE:D X 5127257z,

Table. 2 Generation time of max or min pressure points

Al al A2 a2 A3 a3
45 53 64 79 89 9.7
Bl bl B2 b2 B3 b3
74 84 94 10.3 113 12.3
cl c2 c3
13.0 14.6 15.8

R EREBRAENZEL VRO L
F04-2

y/L
N

Fig. 8 Propagation line of acoustic waves A, B and C

5.0

— al
— a2
— a3
— Al
— A2
— A3

6 8 10 12

t

(a) Acoustic wave A

14

16

B B2 b2 B3 b3

— bl
— b2
— b3

8 10 12 14

t

(b) Acoustic wave B

16

18

0
14

15 16 17 18 19
t

21 22

(¢) Acoustic wave C (minimum points)
Fig. 9 Advection of max or min static pressure points

Copyright © 2018 by JSFM



5 32 ARERAENEL VRO L
F04-2

P/Py
(I T

0.75 1.25

10

Fig. 10 Distribution of static pressure

5 Copyright © 2018 by JSFM



3.4 BERDEE)
Plate shock DZEE)

Fig. 11 |ZFEARIORE SO Z—%5FK L TEY, plateshock
DHEOIBEBEETHZ LN TE S, £IT, ZOarZ—lkB
VF DA% 20 LLEOD % plate shock Téh 2 L ESD, plate shock D
FFmD 5By FEFED R D% plate shock & D 5. plate
shock 50D y FEREDOREEIEL 7 7~ M5 & Fig. 12 DL 51
7257z, Plateshock O S IHREN L TRV, fvis& 72 ARERNFIEIC
t =4.7,6.6,9.2,11.0, fEK&LeHENIHACt =5.7,7.7,9.8 T
BHD I ENboT.

Plate shock (%2 D _F MEFILISMNIE, BNL-7-2 - Bl
5 L1372<, [RIUALEIAFTE Ukt Tz,

V (9p/0z)* + (9p/ay)*

20 t=5.0

0.5

0.01

y/L

-0.5 ‘ y ‘ f
3.5 4.0 4.5 5.0
z/L

Fig. 11 Distribution of magnitude of density gradient

0.6

0.2 " r r .
4 6 8 10 12 14
t
Fig. 12 Time history of y coordinate of upper end of plate
shock

BHER =i g HEER & PREDEE)

Fig. 13 [TEEOHHEY = VuZ ¥ vZ2 Dar X —%F L TN5.
FRP ORI BIT B~ v 0.7 D% TH
v, SO L EHLONE (2 #—Tidkk©) Thd. i
NEBELEZOEER EEBIT 5L WHIREDT, FHEfk T
ESIDMBY N & 72 DAL ZAROFLE L CRATE OFETTRR LT
5. 12770, Bkt HEER S23 O TCIIE AN 725
B9 2 ENEEECH 072720, ROBHEIBRD ZENTEZD
WX (x/L,y/L) = (7,3) fHEETTH S, 7o, IEIOCITRIFED
REIZTLIHFohTBY, A (V2) > 4R (V1,V3) > & (V4,
V5) DIETH 5.

%32 EHMERAENZL RO DL
F04-2

V1 73 plate shock Z-181#E L7-EAZD t = 6.0 TIE, plate shock iy
FBOBFEFA VL, V2 D (x/L,y/L) = (5,1) (T CEIHTEINE
PINE L D & I L TS Z E3oh5. £72, V2, V3 o
B EMEER C b BN A EANIE L 0 b MR L QO DRk
DHERCTE 5.

ZO%t = 8.0 TIL V2, V3 D (x/L,y/L) = (5,1) F15rTH)
WHREASEINAE & 0 b FAZEGL L, V2 O KOV Cldific
A L TO BRI TEND. EBIT V2 AT 513 x il
\ZATRERE S2 AVE L, & S\ ROl 44 U A 1EH
FORMATCEND. VI TED (x/L,y/L) = (7,3) fHECHEE
JEDNESNIE LV & AL, BN S1VE L TND8, 82 &
F720 VI 235 x S AT OB I IFEREC95 <, SO
BRI D SN VEEE L 7o TND. FT2, VI FIROBITEASE
PIE L O AT D bR CE A,

t =10.0 T, TEEBERINZ 2 SOBEET SL,2 N EH 5
& ERIEE AN X 2252 TWD T Ebhd. o2 1L, F
s S IEE TN EER MY, F 0% TR T D~ v/
N > TWD. ZORHZIEt = 8.0 DEFE FZ2 1 V2 _Ejfioosi
Wi EINIE L 0 FA~EBMII LTS T, teLA SN
LCWA. F£7, V3 o (x/L,y/L) = (5, 1) fHLcidduz s
D V2 LFRRRIZEIETEA N EINGE L D T~ L, EOTHT
BT D & & BT x B TR S3 AMHUMAD TV
DEEFRRTEND.

t = 11.0 TIL V3 MROSIWIEASEINE & 0 Hl~KE <A
LU, S2 AT PHICTEE/LEERE L 22T D, V3 b
TV S3IHHE R IR, E DSUH BN IR TR & LT
MR TE, 82 LERT DT TE 2. L) HIOL1E
B 10 SRR 005 S BRI & 7o QD B ) LT,
t=8.0DS1 LFFHLILTWA.

t=12.0 T, S2, S3 AR L T—oDE®E R S23 L7eh, F
WREEEHTNAFOTND. F77, VAT B siwEs sy
ALY TAZENLL, TIRCIEE~EZENLL, RIS x
il A TR OVD TR S4 36 K OSCHIFEFERIE A3, 59V b O OREEE
TE2.

t =14.0 TIE, 42T E LD IR L7220, < K
FNRCEND. Fiz, V5 RIS x Bl 1727 m OfEER S5
BILOZFEOKGHEFER D50 E OOMEE T 5.

Z LTt =16.0 TiE $4 D3HRICTEEREERK L 72> T D,
SSITEE LD IR 72D, o~ v DR E TODEETH
RTens.

Ubzgldsd b, BOEROSETE FEBitd oL EiEko
ZENE L TRO K H 1275,

O EEEFEIWTE EA2BiT i LV RO STk A S EALE
KO TFIZEALL, FiTIEEAENT D & & B, fuirhT
D5 x B TR AT S,

@ BRI CEZS U AR 24 U 5 B R olRAE
LR, MOBHTEE & BT~ BE L L.

B EEEWIT N~ BT AT DN CIEF RS B~
DIRFEL 721, DS COEMZTRE AR — D OEE L 70 5.

@ EDNEGINCREITET D 2 & TO-@%MY KT

F 7z, FWAZIHER CHHTIAFE L TS plateshock & #2720, BE
WO L, W< ORI SEHIIC P~ BEh L
TV RRLNT-.

Copyright © 2018 by JSFM



5 32 ARERAENEL VRO L
F04-2

[T [Ty

10
z/L z/L

Fig. 13 Distribution of velocity magnitude and the centers of vortices
7 Copyright © 2018 by JSFM



4. BFEE B HEROBROHEERERICEET 5EE
4.1, {80 plate shock BiBAZ & FEE A B OFAERFZIDREZR
3.2.Cal~~7= plate shock L3 P (2360 2 =) ORFEIEREO 7 2
~ (Fig.7) HZ, 33. TH~T-E28% A OFAR] (Table.2 1Bt
S G- b 0% Fig. 14 (217, {#V1, V2 23 plate shock %
T AR LA HIERT AL A2 2354 LTEID, Al A2 DR
IZVL V2B L QA EEXBND. —J5T, A3 ORI
I3 V3 iR & D B LB TRY, BIRMERS S LidEW
Hh. al, a2, a3 1TB U CIags A s Eooidmmez) & L < 1390
DOIETIDMERAEE 72 D0 & b —Ecd T, AR T 28i5%
KEd 25 Z LITcEin,

FERIS, B2 B ISV T HIEREL (Table. 2 IR %
Fig. 7 FiZ&E7-H D% Fig, 15 1779~ V3, V4 /)3 plate shock %
TEET AR S HFRFZNC b1, b2 234 L TRV, bl,b2 Dtk
12 V3, V4 BBHRL T D EB 2 bILD. —HT, b3 IZBL T
V5 Ol CH B2, BRER S L3S .
B1~B3 (2B L CH AR S S ORI ORI DFRAERED D
WILE b, FAEICEIR T D BIBUIRFE TE AR

F72, BI~B3,bl~b3 DU ¥FHE V1, V2 OEERED L D HIZITHE
ELTNBT, VI, V2 ITEE B OFAITEHR L TV Ve &5
ZHib.

(z/L,y/L) =(4.4,0.5)

1.6 al a2 a3

1.41

1.2
£
QN WVWW\A_/\/\

1.0 Vi V4 V5

0.81 V3

V2
0.6 Al .AZ A3 .
0 5 10 15

t

Fig. 14 Time history of static pressure at the point P and
generation time of acoustic wave A

(z/L,y/L)=(44,0.5)

1.6 bl b2 b3
1.4]
1.21
g \,
S ]
1.0 V4 V5
Vi
/
0.8 V3
V2
o6 Bl B2 B3
0 5 10 15

t

Fig. 15 Time history of static pressure at the point P and
generation time of acoustic wave B

% 32 AHERAANZES VRO L
F04-2
4.2. Plate shock OEEN & HEER A DBER
3.4. T~z plate shock 3D EFEEhO 7 v v M, HE A
DIERZN e BT b D% Fig. 16 \RT. [E/ORAAE A1~A3
DOFERENT, plate shock 50D y JERE ) S I MIEL 22 L 7= REA) &
EHF—BL WD, EENOMYIME al~a3 IZBAL T, al 130
INFTND HOD, plate shock D_E80D y AR AR 52 L
TR S IFE KL TDA.
PLEDZ E0n, HEE A OFAEIZIT plate shock D T HmID
IREDBHRL QD EEZ BND.

0.6
0.51
Joar JW
0.31
Al al A2 a2 A3 a3

0.2 - T y y
4 6 8 10 12 14
t
Fig. 16 Time history of y coordinate of upper end of plate
shock and generation time of acoustic wave A

4.3. BT COEANORSHEIERE L BERT 4ET 2EERS LU
BER C DFRAERZIDBER

34 CBIER SRR A B S S1~S512BAL ¢, I
VIR firsttail shock D_F3fi T AHT 43~ 2 K544 Fig, 13 & [Flkk
DAL —INHIRNTZ. FOFERA Table.3 (TR 7. Z OEEREZ]
R T 2B 2R IoRHIERED 7 v » h HcGhbEc bz,
Fig. 17 |\~ 3. TR DIESIDM8N & 72 D054 LTS T %
T DRI L CWND 2 EDND0ND. S23 DIEEREAIELR(T
TP T LTS, ZORIRG D = o X — & s
THESBET FABEL TWAEETNBIETE =720, Z0
JEN D@ T S23 2N L= Z LIk D b0 THD. o
B S1, 84, S5 ICBALTIE, avZ—aBIE LA T LY
AR Z @R L TR Y, Fig 17 IZBWTH S23 D & 5 72240
EINETFRRLNIRNZ LD, TS OEFERE O ERZI T
THEIDMET L TW 2 DIHEEO@RIC L 2O TH D &5 %
LD, bbb, S23 ZERTIE, AT AT CIIsE L C & 2
B 81,84, S5 & BIlTE AR L& ol BRIFRIAFEL, T
P D AREMEN G D Z L AN D.

WA TIZRT DI ORFEREO 7 v ~ HIZ, 33. TR~
T C ORAEF 2 GPET- b D% Fig 18 ITRT. ¢l O3E
RN IE IO N 72 ARER & —B L TR Y,  ZOREZIN Fig. 17
WZHRBILD X912 823 OIEERFAITH D79, cl DIAITIL S23
BERRL QD Z ENEX HND. — T2, 3 I L TIgE
BN 2SN AN 57, RAEICBHRT 2HSIIFET
YA

Copyright © 2018 by JSFM



Table. 3 Passing time of shock waves near the point T
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1.6 (z/L,y/L)=(1.7,3.8)

ST s23' s4  s5
5 10 15 20 25

Fig. 17 Time history of static pressure at the point T and
passing time of shock waves

(x/L,y/L)=(7.7,3.8)

1.6

clic2ic3
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t

Fig. 18 Time history of static pressure at the point T and
generation time of acoustic wave C
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