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Fig. 1. Schematic diagram of blunt-cone meridian plane.
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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.
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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.

2) FER IR P AT (WLEL 13(a)), & £
o = 0°HY, PLENFHE L) 1.18. I T R i
TRECE U2 5.0—5.6, MRIEPL R I 2 X (HD
1+1/Ma,, Ma, H¥E G FIZIMA DHEE), P
PeAR R 1.18—1.2, BB & 12(a) {27~ 19 J] 1)
i = ARSI LA 3o . BEE A 1)
FAd R, LI S A R B e RS, A
T PR ST O Bl & k. 4RSI R o = 180°,
UL SRR R B GRS RS, IAREEE
B W IT IR B R k. T o = 180°4b A4k
Bl A B A P RRE PE B I DU IS LS R AL ik
55 TS REEAL, DR R R A T BE S
NG IE TS R (I RE R R R Y, X IR 2
Kl 12(a) o = 180°4k By shi A ML A S5 T HiAt
JE e B A SR

3) TERFUEBE AT (WIE 13(c)), Emf ¢ =
0°—90°Hs}, HJt 2 FH 18 B85 A8 fb RILHE 55 0 PR ik 4%
P (K 13(a)) MM o = 180°HF —2; 1 J&] 7]
i o = 120°—180°HT, i3l AH o B A2 fb AL 5 0k
WA FE AT (K 13(b)) —2. X P 255
PRI 1 2 P I ) 120 AL 2 A /T e A B A A
T

4) TER PRI AT (WLIE 13(d)), IR JE m
FA A SN AH AR A A R TR T A G I ) A
— 3, FEERRFE MM o = 90°HF I shAH AR
TR SRS P I A SIS PR AR
ISR R R @ = 180°HF 1k AH 2 B2 A% 1k WL
X E R B IR I A R EEIR, S o =
90° (25 HL & — Tl FHETE .

4 % ®

AR SCLAF A Ma6 BEHE NGNS 8 a3 5K
{EH- SIS AT, TFIRASRIZRAOR fi b shis Ak
FAGHAIE ) = He RS2 5T, 5 Rk
B 43 X R 300 SR VR 55— A 0 A 2 A
AR REIVE LS, SRt sh e m s i | 18
W AR, SRS

1) 2EA0E 75 P A SR, 28 R UOR ol
R, RN R RS IRER K SR
U IR TR 4 SR T U R AP
o N & A MR R R RS S,
FOL RE S PR A R, BA L, ok
IS RATE S i (BB IR U R 18 7 I | e
W TR

2) 4 AR P I | I AT U S A S AR
TRUEAT AR i R AR RS Mt i A
SR, TR o R AR I RS O AR
Wk M B TR, R B AR, U
A ARG KIS, Sk L, SRRz
P R 2 B (A AR BNV UR A 7 05 e ig L
AP

3) KT S AS 4 R R AR R A

SO — SR M R OS] e 7 - 32 A
SIS, FRA0E e A A R R A
AR, MR P sh i 36K A, a1l v At Ay
PR IR R AEAR A /IR s AN AR P B Ak
X, AR A [ [ o B i FYZ P Bl A i 1
BT AT P bR /4 7 Tk R oo A1 0 7

234701-11


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 =

R Acta Phys. Sin.

Vol. 73, No. 23 (2024)

234701

4) XF FEAS [R) S o b AR AZ g IR B
A 3R —JE ASTI T AR IR R, IF
AR/, ARSI N 75 e VR I8, o A T8 R 0

TR A IE T RS M R AR S, B A AR iR % A
PR B =R TR A SRS R R A R, ANk
PR P S T A P B

B2, A REE USRS PR R AN [R) JA [ o7
B LRI RIS Y = AEREE, T ELAS A
B RRIR G 3 2 1) B2 VEEAS S A TA]. A
ST 0 SRR A R A R 2 IR LR B
MEERZER, BAGRT Bk sl, i T
SR E T ) AL A 8. N BRSSO R, X
PR AAE A —E S 1E M &0, tAA n Re & 1 )
VEFH, rATRARE 8% 951 g A0 PR P I S I T 22 1
ST H TE T 3553, ARATU PR P I AR e A 12 75 I A SR )
TAERAZ A AN SR iR i R 3k S ) R 22 %) LU A AT
ARG 80 28 5 VoV T A% R B AR AL I LA
K EFEERRZES, AR DAE.

AR, TS S S A RO PR B R, R
TRl Xl B LS A R A RAT IR B, T =
AN h FZ S LRI 5T, JF A5 G HLas
27T R Bz M A 5T, R A AR I AR
P& v AR RUI f

S R H ER B T A SRR rO S ).

S 0k

[1] Chen J Q, Tu G H, Zhang Y F, Xu G L, Yuan X X, Chen C
2017 Acta Aero. Sin. 35 311 (in Chinese) [FR'%3E, PR EE, 7k
Bk, S, RBICH, BRI 2017 23K B fieEdl 35 311)

[2] Saric W S, Reed H L, Kerschen E J 2002 Annu. Rev. Fluid
Mech. 34 291

[3] Zhou H, Zhang H X 2017 Acta Aero. Sin. 35 151 (in Chinese)
JHIE, FRIR1E 2017 258 K8 J12=244k 35 151)

[4] Goldstein M E 1983 J. Fluid Mech. 127 59

[5] Goldstein M E 1985 J. Fluid Mech. 154 509

[6] Ruban A 11985 Fluid Dyn. 19 709

[7] Choudhari M, Streett C 1992 Phys. Fluids 4 2495

[8] Choudhari M 1993 Theor. Comp. Fluid Dyn. 4 101

[9] Duck P W, Ruban A I, Zhikharev C N 1996 J. Fluid Mech.
312 341

[10] Hammerton P W, Kerschen E J 1996 J. Fluid Mech. 310 243
[11] Wanderley J BV, Corke T C 2001 J. Fluid Mech. 429 1

[12] Wu X S 2001 J. Fluid Mech. 449 373

[13] Wu X S 2001 J. Fluid Mech. 431 91

(14]
(15]

[16]
(17]
(18]

(19]

(40]
[41]

(42]
(43]
4]
(4]

(46]
[47]

(48]
(49]

[50]
[51]

234701-12

Dong M, Liu Y H, Wu X S 2020 J. Fluid Mech. 896 A23

Lu C G, Zhu X Q, Shen L' Y 2017 Acta Phys. Sin. 66 204702
(in Chinese) [l B4, ARIEH, LT T 2017 WH ¥ 66
204702]

Fedorov A 2011 Annu. Rev. Fluid Mech. 43 79

Zhong X, Wang X 2012 Annu. Rev. Fluid Mech. 44 527

Jiang X Y, Lee C B 2017 J. Eap. Fluid Mech. 31 1 (in
Chinese) [JL¥V, ZEFEFR 2017 S AA T2 31 1]

Su C H 2020 Acta Aero. Sin. 38 355 (in Chinese) [J5 % UL
2020 %3154 38 355)

Fedorov A V, Khokhlov A P 1991 Fluid Dyn. 26 531

Fedorov A V, Khokhlov A P 2001 Theor. Comp. Fluid Dyn.
14 359

Fedorov A 'V 2003 J. Fluid Mech. 491 101

Ma Y B, Zhong X L 2003 J. Fluid Mech. 488 31

Ma Y B, Zhong X L 2003 J. Fluid Mech. 488 79

Ma Y B, Zhong X L 2005 J. Fluid Mech. 532 63

Zhong X L, Ma Y B 2006 J. Fluid Mech. 556 55

He S M, Zhong X L 2021 AIAA J. 59 3546

He S M, Zhong X L 2022 Phys. Fluids 34 054104

Balakumar P 2006 36th AIAA Fluid Dynamics Conference
and Exhibit. San Francisco, California, June 5-8, p3053
Balakumar P 2015 49th AIAA Fluid Dynamics Conference
Dallas, Texas, p247

Balakumar P, King R A, Chou A, Owens L R, Kegerise M A
2018 AIAA J. 56 510

Zhang Y D, Fu D X, Ma Y W, Li X L 2008 Sci. Sin. Phys.
Mech. Astron. 38 1246 (in Chinese) [5K E Zx, 753 DAL,
Z5H5E 2008 FPERNE: G A, WU J1% ROC 38 1246)

Qin F F, Wu X S 2016 J. Fluid Mech. 797 874

Ba W T, Niu M H, Su C H 2023 AIAA J. 61 518

Niu M H, Su C H 2023 Phy. Fluids 35 034109

Wan B B, Luo J S, Su C H 2018 Appl. Math. Mech. (English
Edition) 39 1643

Wan B B, Su C H, Chen J Q 2020 ATAA J. 58 4047

Chen Y F, Tu G H, Wan B B, Su C H, Yuan X X, Chen J Q
2021 Phys. Fluids 33 084114

Stetson K F, Thompson E R, Donaldson J C, Siler L. G 1984
AIAA 22nd  Aerospace
January 9-12, 1984 p0006
Fedorov A 'V 1990 J. Appl. Mech. Tech. Phy. 31 722

Wan B B, Luo J S 2018 Acta Aero. Sin. 36 247 (in Chinese)
ik, Bat 2018 25 g 12244l 36 247)

Ou J H, Wan B B, Liu J X, Cao W 2018 Acta Aero. Sin. 36
238 (in Chinese) [RK#HHE, JT &L, XIGH, B 2018 KN
24 36 238]

Han Y F, Zhou J T, Cao W 2022 Phys. Fluids 34 026101
McKenzie J F, Westphal K O 1968 Phys. Fluids 11 2350

Su C H, Geng J L 2017 Appl. Math. Mech. (English Edition)
38 1601

Huang Z F, Wang H L 2019 J. Fluid Mech. 873 1179

Malik M R, Balakumar P 2007 Theor. Comp. Fluid Dyn. 21
323

Balakumar P 2007 37th AIAA Fluid Dynamics Conference
and Exhibit Miami, FL, June 25-28, 2007 p4491

Wan B B, Chen J Q, Yuan X X, Hu W B, Tu G H 2022
AIAA J. 60 4523

Zhang S H, Zhu J, Shu C 2019 Adv. Aerod. 1 16

Ma Y K, Mao M L, Yan Z G, Bai J W, Zhu H J 2024 J.
Comp. Phy. 510 113064

Sciences Meeting Reno, Nevada,


https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.7638/kqdlxxb-2017.0030
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.1146/annurev.fluid.34.082701.161921
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.7638/kqdlxxb-2017.0016
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S002211208300261X
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1017/S0022112085001641
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1007/BF01093536
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1063/1.858437
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1007/BF00417935
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096002042
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112096001796
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112000002548
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112001006401
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/S0022112000002962
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.1017/jfm.2020.358
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.7498/aps.66.204702
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-122109-160750
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.1146/annurev-fluid-120710-101208
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.11729/syltlx20160129
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.7638/kqdlxxb-2020.0056
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/BF01050314
https://doi.org/10.1007/s001620100038
https://doi.org/10.1007/s001620100038
https://doi.org/10.1007/s001620100038
https://doi.org/10.1007/s001620100038
https://doi.org/10.1007/s001620100038
https://doi.org/10.1007/s001620100038
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003005263
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004786
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112003004798
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112005003836
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.1017/S0022112006009293
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.2514/1.J059697
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
https://doi.org/10.1063/5.0088236
 https://doi.org/10.1007/BF01050314
 https://doi.org/10.1007/BF01050314
 https://doi.org/10.1007/BF01050314
 https://doi.org/10.1007/BF01050314
https://doi.org/10.2514/6.2015-2473
https://doi.org/10.2514/6.2015-2473
https://doi.org/10.2514/6.2015-2473
https://doi.org/10.2514/6.2015-2473
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.2514/1.J056145
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.1017/jfm.2016.287
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.2514/1.J061846
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1063/5.0141000
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.1007/s10483-018-2391-6
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.2514/1.J058816
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.1063/5.0062557
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.2514/6.1984-6
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.1007/BF00852446
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0029
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.7638/kqdlxxb-2018.0032
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/5.0081029
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1063/1.1691825
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1007/s10483-017-2279-9
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1017/jfm.2019.438
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.1007/s00162-007-0050-5
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/6.2007-4491
https://doi.org/10.2514/1.J061426
https://doi.org/10.2514/1.J061426
https://doi.org/10.2514/1.J061426
https://doi.org/10.2514/1.J061426
https://doi.org/10.2514/1.J061426
https://doi.org/10.2514/1.J061426
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1186/s42774-019-0019-2
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
https://doi.org/10.1016/j.jcp.2024.113064
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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024) 234701

Three-dimensional receptivity of high-speed blunt cone to
different types of freestream disturbances

Wan Bing-Bing  Hu Wei-Bo  Li Xiao-Hu  Huang Wen-Feng
Chen Jian-Qiang  Tu Guo-Huaf

(State Key Laboratory of Aerodynamics, Mianyang 621000, China)

( Received 2 October 2024; revised manuscript received 24 October 2024 )

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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