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Abstract: To obtain more in—depth understanding on the physics of underexpanded excited jets as well as
the flow response of the jets to external excitation at different nozzle pressure ratios (NPR) , three—dimensional
large eddy simulation (LES) of underexpanded steady and excited jets are carried out at two different nozzle pres-
sure ratios (NPR) of 5.60 and 9.34. The forcing frequencies are the inherent symmetric mode frequency in the
steady jets of 14.569kHz, and the excited jets are implemented by imposing the sinusoidal disturbance to the stat-
ic pressure at the nozzle entrance. The results indicate that the external excitations affect the acoustic patterns, re-
duce the region of the jet potential core, decrease the number of near—field shock cells, and have a remarkable
impact on the mixing between the injected gas and the surroundings. Meanwhile, the dominant frequencies of the
excited jets turn into the exciting frequency used and its high—order harmonics, and the dominant mode all

switches to axisymmetric mode. In particular, the dominant mode of the steady jet at NPR=9.34 is same as the
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form of the external excitation, which results in intense flow resonance between the steady jet and the axisymmet-

ric excitation. As a result, forcing the jet at NPR=9.34 provides more decrease in the length of jet potential core

and the larger amplitude in pressure fluctuations, and the external excitations have a more effective influence on

the jet mixing.

Key words: Underexpanded jets; Nozzle pressure ratio; Characteristic frequency excitations; Large ed-

dy simulation; Flow response

1 35l

IR S T 2 g P A R R R AT A R R
Wt VE | S AL W LK A A TR DA R
T4 A T, — B E AR IR A R
Hby 7 LB R i s e s WL R AR 3R 0 R AT R
BRBE E N, P R ZS SOR TR 9 B B B DT (ms i
), P AR R A A S B IR R B AT R
AL T i S B AR PR

3 o XoF S 9L il A — AR 8 8 AT LA R
TR XIS AEAS AT 40 85 1) 5 0L 0B LA TR
AR AT S 0 SCHR[4-7] . FE T 46 RORE Tk S
LTI, ARG BRI TARRD  E R R IR A TAE R
AT . 140, Randolph 251 5% ] 1Hz B9 55 5 %} 48
7 R 1) S AT T OO L & B AE R TR B S R R
O S 0 2F E R BE S N T 12% . Murugappan
ST A S AF YA R R T Rk 2.0 19
o ) G 9 2 O R 1 S R, R 3 BT SR T O R A
2 900Hz F1 SkHz # AT LA 1 55 G 7 AR 75 o > It 1 R
B o KT AR SCHE &R B K K47 41 R Ganesh
SEUOLR S 0 W 2 BT B A HSU S I b 1 5
M), & B RUH R 8 il T DL B AT R M AR E R A o Sa-
mimy Z¢R R R I R R g AR
B BESE T AN T xR R B B L SR A O
Yy R R

SFF AL O A A RN A R Hs 7 22 R L AR, B
Fb NPR, 2 5% Wi X B ik 5 30 0 3 e e i) SR R 81
FEASTR] B W5 Ll 25 14 SR 00 0 RN ik A B AN ) S
T 0 B R A AR A Y Y 22 R X S i —
5 5% W) S A 0 SR I8 Wl I R R AN R AR
F L6 AT LA, A [R5 R B A R K i 3 ot A [
4 R U 0 3 il 43 A AN T 9 O 2l T N o SR T R R
Ik 555 3 3 B0 R 1 B (Re ~ 10°) , U 20 4% iF I [7] 455 /)8
(— AR s %), Hovi 3 SCE A AR 3 00 3 i 3R
SR G| AN e 1S = < I SN S NS
TR G T RO K S T R AE 5 T AL S5 A
THEL, RHR Bl 2% L 3T 0 1Y I 3 R A 3 RS

T

TSR R TF b AT H R R B R ik
S 0BRSS RRAE , A R AN 0 B R e T R R
JH 565 ) R SR, B = R G AR AR

AR SCAE AT 98 TAEAY LA 202 SR K TR AR
L(LES) 7 2% , X W JE Hb NPR=5.60 £ 9.34 14 X it ik
S il DAAH [R) 08 =X TE SX el . AR R R IR AR LT
SRS 25 AN IR R KR K S IR T A Ak TR A
e, DL RIS AR IR AR R 2 . 7R b B SRS
FE X A R R B, AR K S kA [ A i
TN A B e

2 YERBES5HERZE

21 HEEH

Bl 1(a) 45 1 T A SCR TSR 1158 DX B
K/ A 50mmx100mmx50mm , 5 &R 4 — A8 8
TR AT 40 W A S 3 Bk Kb o WA B R R
20mm, B8 A H H A2 d A 8mm, 1 HAZ D A 2mm.,

100

Quiescent air

20
=

(b) Computational grid

(a) Computational model

Fig. 1 Simulation setup

1k K T2 B 0.76699 (9 N, F110.23301
E/‘J 02 éﬂﬁi ) ﬁfg T.=300K, H_S:j] pmzo‘lMPa’ %_:J'Epw=
1.17kg/m®, 3 JE U,=0, 5 IR M U, BIE A o



F408E Fol

AN IRV T IR B St % R T A 5l g o 1241

wy=1.0o FESCHRL 2117 R LES % %8 T Wi/ [k NPR
=5.60,7.47,9.34 F1 11.21 i =5 2 W% Ak 533 30t %) 3 s #L
B JF H & AT 25 5200 0 A~ T 50 2448 A TR] A4 Bl e AR
B R f =14.569kHz, A IL 7 AR 3CH , R H NPR=5.60
F19.34 (4 53461 A Sy JE o S5 451) , L AAR ) 11 B 2R PR L 3% 1
iR

Table 1 Flow parameters and simulation conditions

Property Case 1 Case 2
Ma 1.0 1.0
p./MPa 0.3 0.5
po/MPa 0.57 0.95
T, /K 360.0 360.0
U /(mls) 353.1 353.1
Re, 1.36x10° 2.27x10°
NPR( py/p..) 5.60 9.34
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Fig.2 Instantaneous contour of density gradient magnitude on the jet centerline planes
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(b) Non-dimensional pressure

Fig. 3 Mean profiles of flow properties along the jet centerline
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