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ABSTRACT

Reduction of jet noise radiated from supersonic propulsion jets at the minimum loss in the thrust efficiency is
one of primary requirements in developing a low noise engine which will be mounted on a future supersonic commercial
transports. Screech noise is a discrete frequency component arising in a low supersonic range of the jet Mach number
typically less than 1.8, and dominates other noise components associated with turbulent mixing and shock waves. The
component is thought to be sustained by large scale coherent eddies which is collectively generated along the free shear
layer through a modulation of instability of the shear layer by a feedback of upstream propagating sound waves. The
authors have conducted series of precise noise measurements and optical observations of the jet structures at at the
National Aerospace Laboratory using various shapes of untreated and treated nozzles.

In the present paper, structures of under-expanding jets issued from convergent nozzles with rectangular exit
cross-sections are discussed based on an unsteady three-dimensional Navies-Stokes analysis. Screeching jets from an
untreated nozzles and screech-free jets from nozzles set with a tab pair are computed at a Mach number of 1.5.
Numerically represented schlieren pictures are found agree well with the experimental pictures. A typical pattern of
flapping oscillation accompanied by a coherent generation of large scale eddies is numerically visualized for a case of
the nozzle with the aspect ratio of 3. Pressure fluctuations induced in the close field also exhibit basic features of
flapping and helical modes respectively for nozzles with rectangular and square cross-sections. It is made clear by the
computation that the tabs set in the major sides of the nozzle lip work as longitudinal vortex generators which enhance
entrainment of ambient air to divide the jet into a pair of parallel jets. The flapping oscillation is no more sustained,
possibly because reduced spacings of shock cells in the divided jets become mismatched with a length scale required for
organizing coherent eddies. However, in case of a square cross-section nozzle, the tabs induce another complicated low
amplitude disturbance, and the reduction of pressure fluctuation will not be complete.
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Fig.] Geometry of rectangular nozzle and computation domain indicated with boundary conditions.
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Fig.2  Computed schlieren pictures of supersonic jets from square nozzle, and nozzle with tab pair; RE-1, M, = 1.48.

N-S COMPUTATION

EXPERIMENT
(INSTANTANEOUS)

N-S COMPUTATION EXPERIMENT

(CONTINUOUS)

Fig.3 Computed schlieren pictures of supersonic jets from rectangular nozzle, and nozzle with tab pair; RE-3, M, = 1.48.
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Fig. 5 Frequency of computed pressure oscillation compared
with measured and theoretical screech frequency.
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Fig. 6 Pressure tluctuation in near field of underexpanding jet issued from RE-1 nozzle (a, b) and RE-3 nozzle (¢, d); M= 1.48.
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Fig.7 Density (top) and vorticity (bottom) contours at various section of jet; Rectangular nozzle witout tab; RE-3, M = 1.48
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Fig.9 Vorlicity contours of jets respectively from square nozzles without tab (top) and with tab (bottom); RE-1. M, = 1.43.
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Fig. 10 Entrainment by longitudinal vortices .

Pry bRIEBEOESEBWEE E rms fHERT. RE-1T
12, A-BoSCHD O XD ICHE D 2T AHEMNED
m.«Uﬁw%—Fwﬁﬁ&Eoné YT EHEETHZ

LD, 3dBREEOME 250, KAMBNTENED
%®Hﬁﬁi#&@%<@ofh6&7#ﬁh®%ﬁ%%
TLBHBEZ TN EEBIRRS. RE3 TR, £E#EY
HROZEHNHBRL THHLNS. ¥ T7OMESHRITI12dBLL L
IEL, ZERELNR O FRHATEN & b RAMEORE &
O TWS, COMRBIMEEZARY MIVICEETS3dB
B2 —FRIDOL X)L TS,

4. Pz FOBEELEYTOHR

3.1 WHEANEESHEIMERS KT7ICRE3/X
NZDWT, BE S Bk R D e s i 2 e
HRBERT. b= | REOE 2HENIIHEE TR, &
B, AEECHERICIEIR L TV B A, FNE 0 FHRTEARBICE
B EMMENER L - RIS FMENR DN S, /b =22TI3,
Txy NI/ ZNVE, S LI HED, 2b=26
TIA FTAHIRFES > TWa. RE (BEHHE o, KEEEtH
MR MR LERL, BOEERKRICIL TN,
—k, T7EEZTHE (K8), eb=206lEDETHE
EOIERFREIET <, E5I2b=1 TIRIEREEILNESIC
S, 2Zb=1822TE Pz y bR 2HINTNBETHN
HOHLND. WMESA TS SICHET, 2b=18~26 DK
FICIIMIRICECS L7285 2 DOETRBE =y M &K
L TWa, 3z, MEKEEORSIIHATIERZN, 20
SORHMER, K1 0IRT LI, ¥ 712k - TR
AR INLIN TN EBERA T EBNCESAR, £
O—F— OB/ EEREAFPEY T 2EESRREERT S
ZEIEBERDNS. LML, Z0OL5RB%R, LT
2RIy MRETT7 I B TEDREZIE T X750
R ER S M TR,

EZAT, ZITRWETEOY TIELE 7 ZIVICHL
ST UHEENEZETHAENWI EAHI LD FHEEN
b, FTHEFTE, Vv b HEOMRZ LB iR R A
L, BFINFEDDIL /b =26 BREOEBRICELTMS
T, FNERBEAF AN TN ERL TS, AUL
w%wﬁmﬁﬁ IZHSELTWAhERBDNS. YT E2EEL
753, REBEFBEORFRVFEINDD, mWIMOE
%,Tmn%%%ﬁimt%lmw®$%ﬁ%m§<,%@
RF b= 18EETHERL, B—2x v bELUTH#HLT
W3, LML, 7I28H ENT, MARICIEMAEZENT
SN2 TS, £, ¥ T7ICL2RBOFE I K
0D, PRREGNRHULLIZ>TNBESITELH 5.

« 2 [ Axial momentum flux — RE-I
S on jet cross-section | | | e RE-1+TAB
515 —— RE-3
= MI'= | pwwdd | | | --ee- RE-3 + TAB

\g A
c
s 1 -
K .

"
£ 05 A
S

0
0 1 2 3 4 5 6

Axial distance z/D

Fig.11 Effect of tab on axial momentum flux; M ;= 1.48
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