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Numerical Simulation of the Screech Phenomenon in a
Supersonic Jet

Yongseok Kim* : Suncho Kim* : Jeong Soo Kim*

ABSTRACT

An axisymmetric supersonic jet screech in the Mach number range from 1.07 to 12 is
numerically simulated. The axisymmetric mode is the dominant screech mode for an
axisymmetric jet. The Reynolds-averaged Navier-Stokes equations in the conjunction with a
modified Spalart-Allmaras turbulence model are employed. A high resolution finite volume
essentially non-oscillatory(ENO) schemes are used along with nonreflecting characteristic boundary
conditions that are crucial to screech tone computations to accurately capture the sound waves,

shock-cell structures, unsteady shock motions and large-scale instability waves.
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Fig. 1 Schematic diagram and boundary conditions for
screech jet simulation
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Fig. 2 Instantaneous density field from the numerical
simulation showing the generation of screech

tone(M; =1.1)
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Fig. 3. Comparison between mean velocity profiles
of the numerical simulation and the
experiments(12] at M, =1.2
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Fig. 4. Centerline pressure comparison between
the calculated result and the experimental
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M;=1.2 cold jet

Fig. 55 AE ulslerl 1199 284 AE
2744 2% RdZn Utk 9% 39
Pandaf14]¢] 4 2] @ (Schlieren) A PAR o],
3 aRe & a7 AN Aol

L o lo

Fig. 5. Shock cell structure of a screeching jet at
M;=1.19 (upper-experiment[14], lower:simulation)

- 332 -



AX+An :L%O?W HH908 HolE RRo|l ¢
< ey, A2 A9
AZEF S} F X}

Fig. 6& 3‘_%—”"— AE(M =12) 4% W o}
3t WSHE r/D=0, 025 181 059 XA
272X Alo]E(screech cycle)?] & F7] F<¢t
tebd slolth. A HIFZAY AL F 4
R}A 8] H7| 93}t t=t (Ma),t=t
+7/6(Ma—02),t=t, -9} o] n}3}FE 0
HEAZIEN EF AT FHAY /FT
23AHA & F7) T WS YE
A% F 3tk olHF F71FHA
W2 238X B A% 24 9
At A -VIe =2

\IN
N OB o

tio

1
—

i #0
2y ol
I w4 A

o2 O % o N o N

-
L

PR T 2

E,
09‘9
10
il
ofj -
i
1
lo
ie,
me
s
o i
e }{f
o RS
30 w32
o o ko &

irofr
B

2 o

A% % (unsteady motion)E 3}
oith. E3) Fig. 6a, 6bN A B & g%0], U
Aot A W oA FAAAVYE V)ol ATt ¢
At +3T/6A el e 3 (compression)©)
I AZE t=t,+4T/6°1 A ¢, +TAboloE A
{expansion) H & HF & HHE

5"7)94 %711101 F=HH J@ic}% R o=,

A g

£y

Ba)

38

;
i

2 dRNE 232 B9 2% B4

17
A,RENVE B4 Y8t 284 AE usle
10788 12999 203 AE 238 % Eo

Wl AN AT. e 8] $4E Spalart-

x/D
Fig. 8a Mach number variation in the jet plume of a
M, =12 screeching jet with a screech cycle.
(r/D=0)

0 1

Fig. 8b Mach number variation in the jet plume of a
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