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Figure 1 (Color online) Mesh for the steady-state calculation.
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Figure 2 (Color online) Schematic diagram of hypersonic flow over a blunt cone.
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Figure 3 (Color online) Mesh for the unsteady-state calculation.
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Figure4 (Color online) Schematic diagram of circumferential grid dis-
tribution for the unsteady-state computation.
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Figure 5 (Color online) Grid resolution distribution along the stream-
wise direction.
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Figure 6 (Color online) Velocity distribution in the y-direction in the
Cartesian coordinates of the entrance boundary. (a) Q = 0; (b) Q =
I1x103: () Q=2x103(dQ=3x1073()Q=5x107.

SAG R, SR R BP0 Bl LR B T (10 A A S R RE AR
ORI S B FRBERE, R T 20 e £ 3B AU o HE A o
RSP AT R AR MR IR — X, BARTSOL T,
(EAELADL SR T IS B0 80 RE 08 B 5 A X S 36 v a8 2 40
B (¥ 5 AN B B 10K Fe YRR AR MR B T E
ORI B AR AP, AR A ALY B AR L T
RHAHEAEH, e S EUEAR P, Sehrit S, KA
THENLE TSN, 3K — T3 AL Z 1 AT 70 Hh e
A UAAE TR i 7 AR 9 T L P sh, TR R O 5 B
240 7RI SETRAT 26 AR T B T RS T 1 O
TRAERAR B A, AEFRBSN L5 mmAt, K10 mm )
A, WA SN T BELWCR SN, BEE_E A3 A

JE ) R LB 2, T B 2 e i B

Ayr, X4 S X< X,
Wy = _ 3)
0, otherwise,

Hrh, A, NIENIEAE, BOSSKIUE L 2%, ZItahiE{E
B, I AT BE AR E SR BTN, ra—1 - TRIEEHL
H, x, = 5 mmNIBIRINEIA L E, x, = 15 mmAy I
AR E.

3 pihSie
3.1 HRXUEREESH

T JE X EEAS A e i M N AR IX AL E, T
B ofe S EUBE BERE D B SR K, ] LAl R RE T AR
PH R Ok 2 s i A B . 2% pE AT 5 BE T P AT (1) T
FEU, = \/(ucosﬁ+vrsin0)2+v§§féﬁ“ﬁ%ﬁ@]ﬁ§\
BCy, Horb, w IR FE IR 35, v, vedd HINAR R
JE ) oy 1, OO HE AR B TR B R E e SR
Tw

Cr= @
30U

Hor, p R R E, U WK IE B 7, 4 BE T 55 )
N 7], fd T BETH SPAT I8 FEU, J 8 1 b Bt N 3R 7R

N 35) JBE BH.C (3 ¥ 1) 23 AT a0 B 7R 7. AT LB S
B 3| o e % A R PR BG I, A AR AT PR e e A Sk
HF B, H H 35 BERH AR BE 2 3% . 5 4b, i E
AT LAE W, BEE AR R Y R, KR s im A 2
IS, SRIMXTFQ > 2 x 1073 Tk, #RIE 5
I BEFH T B 23R, JCHE X T R Be e AE 0L~ It A
A .

VI8t 1 Bl B 2 T YA 1) (1) i 220 JBE B 43 A ] A
T8 G B [ e A R TR o, e A R T 2% Y 4
AT 3. 4T f R IR BIQ = 5 x 10730, ik
TR 59 1) R I LA R Blo()E S, il ff B2 il45e,
I BEFL AT A SR 2L R T

BIOXS L 1 J6 e % 1300 AN e B B RQ =
5 x 1073 50 R B9 B% B B8 B 20 A KB nT LUK B ik
FEA A3 X3 DAE 4ET-SPON £ SRR MEI KX,
VAL BT B kA X P f PR Jd Breakdown 3 £

104703-5



RIER;ZE.

ThEREE: B s RO

2024 4E 5 54%F B 10M

BT (1258 RRORZ P AN )T A #9133 58 W4 3L ) K T e 2
JEE BEL 73 A

Figure 7 (Color online) Time-average surface friction coefficient dis-
tributions in the streamwise direction under different angular velocities.
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Figure 8 (Color online) Time-average surface friction coefficient dis-
tribution in streamwise direction under different angular velocities. (a)
Q=0,b)Q=1x103 ) Q =2x1073 (d) Q =3 x1073; (e)
Q=5x1073.
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Figure 9 (Color online) Instantaneous surface friction distributions
along the flow direction on the cone surface. (a) Q = 0; (b) Q = 5x 1073,
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Figure 10 (Color online) Comparison of the velocity fluctuation «’ cor-
responding to the most unstable mode between LST and DNS at different
positions. (a) x = 200 mm; (b) x = 400 mm.
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Figure 11 (Color online) Comparison of wall pressure pulsation ratios
at x = 400 mm and x = 200 mm obtained by DNS and LST under non-
rotating conditions.
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Figure 12 (Color online) Comparison of wall pressure pulsation ratios
at x = 400 mm and x = 200 mm obtained by DNS under different rota-
tion angular velocities.
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Figure 13 (Color online) Pressure distribution near the wall of an blunt cone at different angular velocities. (a) Q = 0; (b) Q = 5 x 1073,
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Figure 14 (Color online) Distribution of instantaneous temperature fluctuation 7’, normalized by the incoming flow temperature T, over the cross-

section. (a) Q = 0; (b) Q = 5x 1073,
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Figure 15 (Color online) SPOD results of the temperature field under non-rotating condition. (a) Distribution of energy for each mode at 250 kHz;

(b) energy distribution across different modes; (c)—(f) first mode of SPOD at four distinct frequencies.
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Figure 16 (Color online) SPOD results of the temperature field in the case of rotational angular velocity Q = 1 x 1073, (a) Distribution of energy for
each mode at 250 kHz; (b) energy distribution across different modes; (c)—(f) first mode of SPOD at four distinct frequencies.
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Figure 17 (Color online) SPOD results of the temperature field in the case of rotational angular velocity Q = 3 x 1073, (a) Distribution of energy for
each mode at 250 kHz; (b) energy distribution across different modes; (c)—(f) first mode of SPOD at four distinct frequencies.
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Figure 18 (Color online) SPOD results of the temperature field in the case of rotational angular velocity Q = 5 x 1073, (a) Distribution of energy for
each mode at 250 kHz; (b) energy distribution across different modes; (c)—(f) first mode of SPOD at four distinct frequencies.
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Figure 19 (a)—(c) Cone surface pressure spectra under non-rotating conditions at three stations along the flow direction; (d)—(f) cone surface pressure
spectra under Q = 3 x 1073 at three stations along the flow direction; (g)—(i) cone surface pressure spectra under Q = 5 x 1073 at three stations along
the flow direction. Cone surface pressure spectra at locations: (a), (d), (g) x = 500 mm; (b), (), (h) x = 600 mm; (c), (), (i) x = 900 mm.
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Figure 20 (Color online) At x = 500 mm at the rotation angular velocity Q = 5 x 1073, DMD modal growth rate (a), modal energy distribution (b),

and pressure pulsation characteristic mode (c).

104703-13



RIBRSE. hEB WY 1% RC¥ 20244 H54% H 104

B 21 (4 ROR B BER AR IEQ = 5 x 1072 Fx = 600 mmAEDMDBEA K R (a),  BLAAE B 513 (b) FE 1 kS HE LA (c)
Figure 21 (Color online) At x = 600 mm at the rotation angular velocity Q = 5 x 103, DMD modal growth rate (a), modal energy distribution (b),
and pressure pulsation characteristic mode (c).

B 22 (4 ROR B BER AR IEQ = 5 x 1072 Fx = 900 mmAEDMDBEA K R (a),  BLAAE B 5313 (b) FE 1 kS HE LA (o)
Figure 22 (Color online) At x = 900 mm at the rotation angular velocity Q = 5 x 103, DMD modal growth rate (a), modal energy distribution (b),
and pressure pulsation characteristic modes (c).
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Stability and transition of hypersonic boundary layer flow over
a rotating blunt cone

SONG DePei', YU ChangPing'*** & LI XinLiang!*

IState Key Laboratory of High-temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China;
2School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China
*Corresponding author (email: cpyu@imech.ac.cn)

Predicting the hypersonic boundary layer transition of a blunt cone is crucial for advancements in hypersonic aircraft re-
search. This work studies the transition process of a blunt cone subjected to a rotating flow direction amid a hypersonic
incoming flow using direct numerical simulation. Reportedly, as the rotation angular velocity increases, the transition start-
ing position moves monotonically toward the blunt cone head. Furthermore, under rotation conditions, secondary instabil-
ity may occur, precipitating an early transition. The evolution of disturbance waves in the boundary layer under rotating
conditions differs significantly from that under non-rotating conditions and mode conversion under rotating conditions is
rich. Using spectrum analysis and dynamic mode decomposition, we uncovered the generation of new high-frequency
characteristic modes under rotating conditions.
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