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Fig. 1. Schematic diagram of blunt-cone meridian plane.
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simulation for w = 5.
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Fig. 5. Three dimensional receptivity numerical simulations for different freestream disturbances with low frequency.
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Fig. 6. Cross section displays at z = 30 for different freestream disturbances with low frequency.
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Fig. 7. Evolution of the wall pressure fluctuations for different freestream disturbances with low frequency: (a) Fast acoustic wave;
(b) slow acoustic wave; (c) entropy wave; (d) vortex wave.

XSS I, RSl AR R L35 JERSENE LA (WL 9(b)), B LilEd s
SR EESHEEE (WE 8(b)), HIE AR o Fct, 5 4 WEBGSIE TR, BR, T e 55

234701-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) I8 =

8 Acta Phys. Sin. Vol. 73, No. 23 (2024)

234701

— RIS ICAL, IR RS TS — B ALY
A (WE 9(c)), FRUITE T Weih FZHE S
Hk. M@ = 180°%!] ¢ = 0°, VLELA & [ NiiFf 3,
VeSS — B B E B IR, X2 S 3A 7(b)
U R SR (A s N S AL

X ASEPE R, N RN E, A2 )

— A, FECLRE SRR A BE DA
S TE A S 1, A2 R LIPS
ST G (UL 8(c)), FEIE A IET (¢ =
0°F o = 60°), AR Z MRS T %, 4
AT (0 = 90°, ¢ = 120°F1 ¢ = 180°), i1
FURPCBIAE R I IT U LU o £ (R T 1).

FHER ERAR | 5 PSS IEAE (WA 8(a)), HIEIR bR
Bl SIBSIAY & (WK 9(a)), SRR

XFF SR (WLIE 8(d)), 45555 I A s A
B, FEEASIIE (o = 0°, ¢ = 60°F1 ¢ = 90°), i1

S e i A RORBIEOR S, R U AR RZE PR 5 TR (o = 120°
1.4 1.4 ¢
— DNS-p = 0° E(b) — DNS-p = 0°
13 13 E LST-fast mode — DNS-¢ = 60:
1.2} 1.2F — DNS-p =90
1.1 ¥ DNSgoleO 11 — DNS-p = 120°
© 3 —— DNS-p = 180° © b —— DNS-p = 180°
1.0 E 1.0 E
0.9F 0.9F LST-entropy-layer mode
:LST-enLropy-layer mode F
0.8 F 0.8F
F LST-first mode o LST-first mode
047 . " " N 1 " " " " 1 " " " " 1 " " " " 07 " " " " 1 " " " " 1 " " " " 1 " " " "
0 100 200 300 400 0 100 200 300 400
13 3
1.4 1.4
E(c) — DNS-p =0° E(d) — DNS-p =0°
1.3 | LST-fast mode — DNS-¢ =60°
; / /\ —— DNS-p = 90°
1.2¢ A AN/ . N DA

1.0f

: 0.9F
[ LST-entropy-layer mode [ LST-entropy-layer mode
- 0.8F —— DNS-p = 120°
o ELSTAstmode |, . DNSw = 180° o LT fstmode NS = 180°
"o 100 200 300 400 "o 100 200 300 400
3 1
P8 AT fe AR AU IR 2l i £ 1 T BE T DL S A B SRR E MR RIS LU R (a) PRSI (b) 753G (o) MU (d) w98

Fig. 8. Phase speeds of the wall disturbances compared with the stability theory for different freestream disturbances with low fre-
quency: (a) Fast acoustic wave; (b) slow acoustic wave; (c¢) entropy wave; (d) vortex wave.
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Fig. 10. Three dimensional receptivity numerical simulations for different freestream disturbances with high frequency.
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Fig. 11. Cross section displays at z = 30 for different freestream disturbances with high frequency.
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Fig. 12. Evolution of the wall pressure fluctuations for different freestream disturbances with high frequency: (a) Fast acoustic wave;
(b) slow acoustic wave; (c) entropy wave; (d) vortex wave.
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Fig. 13. Phase speeds of the wall disturbances compared with the stability theory for different freestream disturbances with high fre-

quency: (a) Fast acoustic wave; (b) slow acoustic wave; (c) entropy wave; (d) vortex wave.
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Fig. 14. Disturbance shape functions (fast mode and second mode) compared with the stability theory: (a) Slow acoustic wave, £ =

60, ¢ = 90; (b) slow acoustic wave, £ = 350, ¢ = 90.
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Abstract

Receptivity to freestream disturbances is the initial stage of the boundary-layer transition process, which
can determine the final path of boundary-layer disturbance triggering transition. At present, there is relatively
sufficient research on the receptivity of two-dimensional boundary layers to zero incident angle disturbances. In
fact, the freestream disturbances often propagate into the boundary layer in the form of non-zero incident angle,
resulting in a component of spatial disturbance in the circumferential direction of rotating body (such as a
cone). It is a receptivity problem with distinct three-dimensional features. However, there is relatively little
research on this three-dimensional receptivity issue. The preliminary work only studied the three-dimensional
receptivity to low-frequency incident slow acoustic waves. There has not been a systematic study on the three-
dimensional receptivity to different types of freestream disturbances. The three-dimensional receptivity of a
blunt cone to different freestream disturbances is studied in this work. Firstly, a high-resolution numerical
simulation method is used to investigate the three-dimensional receptivity process by introducing freestream
disturbances with an incident angle of 15°. The freestream disturbances include fast acoustic wave, slow
acoustic wave, entropy wave, and vortex wave. Their frequencies are chosen as dimensionless 1.1 and 5,
corresponding to the first mode frequency and the second mode frequency, respectively. Then, the phase
velocity and shape function of the boundary-layer disturbances at each position of circumference for the
numerical results are obtained by Fourier transform. To explain the receptivity mechanisms, the corresponding
results by linear stability analysis are obtained for comparisons. The results are shown below. The first mode
and the second mode of the boundary layer can be effectively excited by the incident slow acoustic waves; it is
difficult for the incident fast acoustic waves to excite unstable modes in the boundary layer; the incident
entropy wave and vortex wave are difficult to excite the first mode at low frequency, but can excite the second
mode at high frequency. Furthermore, the incident angle of the freestream disturbances can lead to the

differences in the receptivity at different circumferential positions of the cone, which can be reflected in two
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ways. One is the difference in the dominant disturbance form at different circumferential positions, and the
other is the difference in the amplitude of boundary-layer disturbances. Under different disturbance types and
frequencies, these differences between different circumferential positions exhibit different results. The strongest
receptivity may occur on the incident front, the incident back, and the incident side. These phenomena may

result from the combined action of the upstream head disturbance and the disturbance on the incident front.
Keywords: receptivity, freestream disturbances, numerical simulation, stability analysis
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