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A Computational Model on Shock-Vortex Interaction and Acoustic Radiation

O%AF", el Fay”
Se-Myong Chang, Soogab Lee and Keun-Shik Chang

We study a conceptual numerical model on shock-vortex interaction setting an impulsive shock
in a compressible vortex. Navier-Stokes equations are solved for the investigation of interactive
structure and acoustic wave propagation. The rotationally symmetric vortex enforces two
compression-expansion pairs resultantly forming a quadrupolar shape. These compressive and
expansive waves cylindrically propagate to the far field and turn to acoustic waves. Using a fine
uniform Cartesian grid system and a TVD-high resolution method, the flow data are precisely
obtained to extend our interest to the sound source.
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Fig. 1. Slip Model of the Present Simulation.

23 A Alg¥ojHd € A7 '

T AR oA Navxer Stokes ¥R & 3 #H43A Fig. 2@)-(e) 9 2E &% AR
deth. o w, M, =15 7 =10 mm, Q7 =400 m/s, po = 1x10° N/m?, o = 1 kg/m’
ojm, A4 ¥9& 200 mm x 200 mm 9 FAlGHolxm, 4FL AlA H& (clockwise direction)
o2 3Adsa gt

Fig. 2(a) old 27| 2122 & Z% 337t 248% (impulse)o.224 EA5n 4L o4 4
At 4F HA Exv 7 =7, DHAAYL 25508 I o] PP o}L&o]r] o
E o] FHBE FET AU $E (2SH)E AV 8td 9 F AAFAE w9y Yoz sAY
o ool X3 £ (6] T4 4Y A FAAME #EFEUY. Fig. 2(b) dAM A= 49
o FEL2 6 W daA 45 (9F A dd ez2uh3 BF (4% A s v
Fdgoz ojFolx £ (petal)S P ZEIF 4T HA (r =7, )TLNA E g2 29
o] ‘31‘ FA= ok o] F e EIEL Fig. 2(c) M ME shEA $37 oA RgLe o
Fig. 2(f) & %<& E&EE 2t o HHE oF vluzdy 238 AT F¢ A& (Fig.
2(d)-(e) F=).

0

3. E¥d & 9 S 4

3.1 9} 8 Fx

2 dFdME o] A7 A 7B 9152 Y E Rankin X492 BAMIQY [1]. o
2de E& AAY fF AL 423 g Aot HAY FHT g £xHE &5
2ol AgH JtAE AdAges o8 £ YAgez mQ vlnPA (slip line)o] £x]¢e &3
Hol 31 glom, ol A4 dMHozRE ZF 453 XAE o Alold " ndE (slip
layer)oll 2% H2] (fault)7} JA&S ¢ 4+ U [6]

HmA el NP B0 us A=) Tl 452 A4 x7]d 9= & TF3d EXzieg de @
ol UrteEAM ol vndFozRy vHlud AfzodAd. F: F@ [7] 9 Lee-Bershader
olF 2de old A oFe RESE A BAFY, gy vlmd B/E A2 (100 gs) oju
of 3d IF3z FH[B] 9 4F ¢ 74]"} A7 2 He HFAdd «]"7" ZHE FAF Rankin Zdo]
Aol FHN-F LAY z7]°ﬂ frEsidE A4S 4 4+ A9 (Fig. 3(a)-(b) 2=). Fig.
3(a) M HPgo=z 73 HA £x9 E¥XE HFyg ZTWAAM Rankin Rd9 aRAF}= A3dd z}
ol7F dvk. ¥y Fig. 3(b) oA 945 & AYF Uz BRA dx EXE= gimz gx3}
= AL Bk



48 HIiZHY HA2HUGHES
lszwa =2 1
( a) \—/«u‘lx motion (‘b)
expansion F
(d)
Expansion ////—“\\\
7
/ .
/ Compression
/
Expansion //
~N
3 et Compression
C? ) vores motion
compression ~— VOﬂ?X
makion
(e 6]

Fig. 2. A Quadrupolar Shack-Vartex Interaction Model: (a) 10 us, (b) 50 us, (¢) 100 us,

{d) 150 us, (8) 200 us, (f) Schematic (upper perpendicular view).
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Fig. 3. Radial Profiles of a Starting Vortex: (a). Velocity, (b) Density.

32 274%-9% A9 &3 A4

Zxn 28 1], [2194 AAE H=2 Kirchhoff W& 14, £ sHAe AAsd 4z
48 & ok €

B3, 4 FF) ¥ SEEE

AE8E F52 dis T

P =0 bu)Do & EEZE LS (far field) oA oh&3 Zo] FPH.

a3

P(r. 0,0 = (—%)I/Z[A(t)six)20+B(r)c0320+ C()sin 8+ D(1) cos 6+ F(D)]

o 71ol| A retarded time, ©

t—7la, a € %

5

olo], A% A, B = 4 F 2, C

2, 2gR E £ 4 F A EFAY 27 @ gEol.

Fig. 4 o}X ¥, Fig. 2(b)-(e) 9 R HA £ (48 &9, primary acoustics, [4)) R F ¥A
29 (%3 289, secondary acoustics, [4]) $olX FHe F2 HdH (local maximum)$l
Do & Fol Zrzbe] Azithel WiEte I @& EASAT. AVlelN @ 9L 4y ¥, A

e 92 3y FHE YgdEd, o159 A
o] 1//% (M)l WA= vldsE ReE Bo}

(5) Ao YA TAE €IF ez 2
Fig. 5 &, Fig. 2(d) oA ¢t5e] F4HoZHE
Z}z} w74 887 mm (A3 &I FAHPL A
$e}t 573 mm (38 SFue FUHE S A
A3 wa EXSHE 4 B8 6 o dis
I3 RAelth, o Z@L AYAMY #IIAZE
1% F9 £59 4 FF YHE A3 HogFn
otk [8]. AT FATS wAFH FAd 9
# AP AL ofliAgl, $4 o 7B RFS
HA ggom diFd Jirte RdolEtn ZALR
o2 71A8H, 749 Y4F oA retarded time
e 2on B £ . w2A Fig. 5 9 delg
28 (5) A9 A4 A, B, C D E & Ad
o] A3} Table 1 ol U et

08

6))

3 D “J‘%

—

02f [ o~ L
L]
© precursor scoustics
0.1 . secondary aCoustics
- — — - const/r'”?
°¢||lll|LllAl|lAJ_l|l,Ll|l
0 1 2 3 4 1 [ 7 8 8 10 11 12
tr,

Fig. 4. Peak Pressures of Primary
and Secondary Acoustic 'NVaves.



oh
1o
o

50 M EHRHY BRHLTA

B o |

0.25
Pracursor {r/r = 8.87)
ozl Secondary (r/r =5.73)
I’\
/’ Table 1. Acoustic Components of Fig. 5;
// ’ see Eq. (5).
rlre | A B C D E
ook 573 | 0078 | 008 | 0187 | 0054 | 0132
SRR .
0 80 180 270 360 :
Angle (Degress) 887 | -0070 | 0138 | 0113 | 0.020 | 0.173

Fig. 5. Quadrupolar Structure of a Vortex.
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