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Effect of shear layer thickness on Mach wave suppression by helical modes pair
in a supersonic jet

Daisuke WATANABE and Masanori ISHIZAKI

ABSTRACT
Linear stability analyses and direct numerical simulations are carried out to investigate the effect of shear layer thickness on Mach wave
suppression by helical modes pair in a Mj=2.0 supersonic jet. In the DNS, a jet is forced by random disturbances and a pair of unstable
helical modes. The linear stability analyses indicate that decrease of the shear layer thickness increase the growth rate of the helical modes
and increase the azimuthal wave number of the helical modes with subsonic phase velocity. Also, the DNS results show that although the
radiated Mach waves are reduced as the azimuthal wave number of the added helical modes pair increase, the jet potential core region gets
elongated. These results indicate that, in suppression the Mach wave, not only the length of the potential core but also the speed of the

added disturbance is important.

1. [FL®HIC

Vv FBREHFETIE, S ANVERIERENS Y a v
7N EOBMERICERT LA ) —FF, IHLICEY
IO 2y FTIES yNERET LY, BEHEY
v MIIEARKRE RBRENRAT D, MmEREICERNT 56T
L, J AVERO@EYMLIZE Y, FEREEZOLDODRAE
ik L GEERE) KT N TES. —F, &~y
NEDOY zy MNEFEEXET S~ K, Yy bEA
Wil 2 = 285 CHEIT T D AL EE N FRTH Y, &
M ORURRIERICE VKRB TE 2 Z & A THIS N,
lobe mixers 72 EIZ K DIRAMLE ) AN EOI N TWD
A, EfE N NEOWRES R Z EAMEICR ST
W5, Fio, ERV =y NEBEI R ERBEL, UK
D~ o\ E &5 ejector shroud % HVY 5 F1EO,
ZORPCKE I NS, BEERICH LR R NHRKE
S L WO RIENTFET S, £, @B~y BOHEY =
v MIRIT DB LEMEMITOIZL D &, RbEVRESR
ERTE—REINYAILE—FRTHY, Z0OF— NIBEYT
HWOMHEELZ b~ v B2 ERESES. Z0kzd, [
By =y MOBIT 5~y NI, &HEREENREN
T— RPN FHERTHHIEHER Y = v bDO LI IR RKARLEE
—RFEMZDZ EICXDEBNROEGD 2 L IR L E
Zbib.

THETHXIL, M=2.0 (Mc=1.0), Re=2000 DJB{HET = v
MIFHABILE L CR—IRE DRSS N R B~ v
ET— REAEGbEY 2y FDNS ZFEITL, Mxbniz
HEERONMMEEZFOE =AY INLE— KT (m==
3) OEIRITY =y NOYERZERET S EIZLD~ v
OB RN S D Z & R L TN D0, RIFFETIE,
TAMBIESDRDVxy MZBWT, ~U IALE—F
NI & D~ v RS R O 8 7 MR A e liZ o T
W2 BT L OYDNS IC X v & L7,

2. HEAE

HRIF 22 52 FRAT I 35 C 3 7 R 2 ) (A % TRtk &
NEEfETEx « 2 b= ZAFBRTH D, L, X
RGBRITY = v hOFLEE Uy, V= ML r, V=

v NEFH DB E po ks L OREMHEFRER g 128 - THERILIL L
Too BOIEARELIE,

d(r) =&(r)exp{i[ax+m<9—a)t]} M

EERIND, ZIT, aldFERAFMER, m (=0, 1, 2, 3,)
B G EEETHY m=1 13~V IVE—RERL, oldf
FHTHY, oDEHoi 1TREREE, FEilo: (THRBEK
BERT. Ek, d(r) REABEKTHS. V= b(top-hat jet)
O J& ik 534 1L Freund O & [FERIC tanh B T = Rl
EoAik b x 7.

U(r)= Uj{l —tanh {1 (V - }"Jﬂ} @
2 46\ 1, r

IIT, SIEFHANBEBEIONRTA—=2THD. K 112
®=0.04, 0.08 O = v NEESMAERT. Fio, BESA
137 F > bV Pr=1 &£ L T Crocco-Busemann ® &% A
AV

W oo geexp[25.00-1.0)] |

iL U, 5=0.08
L U, &=0.04

rlry

Fig.1 Window function and Jet mean velocity
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Fig. 2 Jet centerline velocity
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Fig. 3  Linear growth rate (aw) for M;=2.0, Re=2000; (a)
&0 =0.08 and (b) 5=0.04.
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Fig. 4 Phase velocity (ci/c ) for M=2.0, Re=2000; (a)
=0.08 and (b) =0.04.
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Fig.5 Downstream evolution of second invariant Q structure
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the 8=90° plane: a) random 2.5% case for &% =0.08, b) random
2.5% case for & =0.04 and c) m=+5 2% case for & =0.04.
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Fig.6 Overall pressure fluctuation level [dB]: a) random 2.5%

case for &=0.08, b) random 2.5% case for &=0.04 and c)
m=+5 case for & =0.04.
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Fig.7 Radial decay of the maximum value of overall pressure
fluctuation level [dB] in the same radius 7/7o: a) random 2.5%
case for % =0.08, b) random 2.5% case for % =0.04 and random
1.5% case for 6=0.04.
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Fig.8 Jet centerline velocity: a) random 2.5% case for % =0.08,
b) random 2.5% case for % =0.04 and random 1.5% case for
0 =0.04.
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