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Response of hypersonic flow field on disturbance wave
in free-stream and boundary-layer

disturbance wave-evolution
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Abstract: To investigate the interaction between hypersonic flow field and disturbance
wave in {ree-stream, a Wigh-order accuracy finite difference method was used to conduct di-
rectly numerical simulation of hypersonic transient flow field over a blunt cone under the ac-
tion of slow acoustic wave. And Fourier frequency spectral analysis was used to study the
temporal and spatial evolution of disturbance wave modes in boundary-layer. Results show
that consecutive ¢? -deformation appeares in bow shock and initial disturbance is enlarged
greatly. The disturbance modes outside and inside the boundary-layer differ a lot. For spatial
evolution (along the flow direction), the low frequency perturbation modes are dominated
within a nose radius; with the disturbance development from upstream to downstream, the
high frequency components increase quickly and low frequency components are almost re-
strained from growth. The ratio between low frequency and high frequency components
transforms quickly. In the downstream of the flow field, most of the low-frequency disturb-

ance component are attenuated, or no longer increase; there only exists a special frequency
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range of unstable wave rapid growth in the boundary-layer. Viewed from the temporal evolu-

tion, the dependence of dominant mode on the excitation of upstream is bigger than that of

the other mode. Mode competition exists in both the temporal and spatial evolution of dis-

turbance wave modes in boundary-layer.
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Fig. 10 Fourier frequency spectral analysis of pressure disturbance for ablation phase

5 F————————r 0.25 ——r———————r
4t 1 0.20 F
%:é 3t iﬁ 0.15
S S T
£} Lot
1+ H’ 1 0.05 - 1
IR ARIITIINY Ll .TTT,!TT.vTh'
0 1000 2000 0 1000 2000
JkHz JkHz
(1) 5=0.58146 (b) s=1.70565
0.25 0.25
K]
020+ 020
= T
E 015 1 E 015 1
= =
£ 0.10 1 E 1o 1
0.05 | H I 00s l |
M1rees Mt
0 1000 2000 0 1000 2000
fIkHz fIkHz
(e) 5=4.90846 (f) s=5.97314
4 & &

E T BrA R 220 ik BN T H L R
YU AT 0 Bl R s A AR W, i T
FI A I Sl e R 7 A L BE S
T R B i R A O A A B LT 4518

D 175 3 Yt 3h 5 5 8 W0 A7 16 95 Z A A
YRR 5 0 S 1 B 22 1)~ 07 A8 I 4L 3 Pl pi
A RN RTE D) OIS UR (=T e b e T YA
A P 52 4O [ B P SRS P B 7 B A=
Je A BE TR RBE T AR 3 22 6] AE S IR 3 L S 3
S ONY) I SN

2) Wi &ALk A . AR sh i 5 5 E

W TS A AR A B Sk AR
T PR AR (T2 I S 1Rl P A A 3l Dk 5 i B
E ST B o AE BR Sk 1) AR BR Sk X U
B, 32 SRS S ) 1R AR A L R A IR AR A 8 4
R, BUE S PG 7 0 A2 A T R
B (500 kHz BiF 3 9 A o D bl sk 3
S SR T, 7 BR Sk R AR S R SRS T
BRK X, 3 LA (500 kHz Bt ) A 4% B 25 i
K.

3) MBS 338 Ak R L b e R B Bt e 2ok 3 R
) AR AT R o A L R ) 500 kHz 28 45 4R
ShBLAS PG I K. oh R LIRS 1) 2B B L 3 A2
JIT AT AL S 1 D o 2 R R R R R AR



816 W % 3

Eird o520 %

SEPBIEA B 500 kHz 45 3R 70 A7 A4S bb H: b 3
SR IS TE IR A R X B LR A S
B K i B TR S RS DAY e X L i 3 7
Jil B AR A B K

4) i FE B W E AL TR i s i A
S HRAFAEA B S M L 5a 4 ) W) BRI 42

SEHk:

[ 1] Antheaume S, Corre C. Implicit time spectral method for
periodic incompressible flows[ ] ]. AIAA Journal, 2011, 49
(4):791-805.

',

Batina J T. Unsteady Euler algorithm with unstructured
dynamic mesh for complex-aircraft aerodynamic analysis
[J]. ATAA Journal,1991,29(3):327-333.

Luo H,Baum J D, Lohner R. An accurate,fast, matrix-free
implicit method for computing unsteady flows on unstruc-
tured grids[ ]J]. Computers and Fluids, 2001, 30(2);137-
159.

Colucci P J,Jaberi F A,Givi P, et al. Filtered density func-
tion for large eddy simulation of turbulent reacting flows
[J7. Physics of Fluids,1998,10(2) :499-515.

Adamson T C,Messiter A F. Analysis of two-dimensional
interactions between shock waves and boundary layers[]].
Annual Review of Fluid Mechanics,1980,12¢1) :103-138:
WANG Xiaowen, ZHONG Xiaolin. Response_of a hyper-
sonic boundary layer to-wall blowing-suction[ ] ]. ATAA
Journal,2011,49€¢7) . 1336-1353.

Kara K, Balakumar P, Kandil\O A. Effects ‘of nose blunt=
ness on hypersonic boundary-layer receptivity.and stability
over cones| J |. ATAA Journal,2011,49(12) :2593-2606.
XUEEH, B e A /NI S e R R S 1 SR T OR R4 B
X AR 0 5wk [T ], N A Ay 2, 2010, 31 (5) : 505-
515.

LIU Jianxin, LUO Jisheng. Effect of disturbances at inlet
on hypersonic boundary layer transition on a blunt cone at
small angle of attack[]]. Applied Mathematics and Me-
chanics,2010,31(5) :505-515. (in Chinese)

[10]

[11]

[12]

[13]

[14]

[16]

[17]
(18]

[19]

ZHANG Yudong,FU Dexun, MA Yanwen,et al. Receptiv-
ity to free-stream disturbance waves for hypersonic flow
over a blunt cone[]]. Science in China: Series G Physics.,
Mechanics and Astronomy,2008,51(11) :1682-1690.
BN L TR MR % L WL e 2k B i 5 R [ ].
Wizs 3 71548, 1997.12(2) :90-91, 112.

CAO Renjing, ZHOU Sheng. Effects of disturbances wave
on the rotating stall of axial flow compressor[J]. Journal
of Aerospace Power,1997,12(2):90-91,112. (in Chinese)
MA Yanbo, ZHONG Xiaolin. Receptivity of a supersonic
boundary layer over a flat plate: Part 1 wave structures
and interactions [ J ]. Journal of Fluid Mechanics, 2003,
488:31-78.

ZHONG Xiaolin. Leading-edge receptivity to free-stream
disturbance waves for hypersonic flow over a parabolal J].
Journal of Fluid Mechanics,2001,441:315-367.

MA Yanbo, ZHONG Xiaolin. Receptivity of a supersonic
boundary layer over a flat plate;Part2-receptivity to free-
stream sound[ ] ]. Journal“of Fluid Mechanics, 2003, 488 ;
79-121.

Rt E R A R R E M RELD Y. B 1K
27,2010,

LIANG Xian. Boundary, layer stability characteristics of
hypersonic flow overa blunt cone[\D]. Shanghai: Shanghai
University,2010. (in Chinese)

JIANG Guangsheng ,SHU Chiwang. Efficient implementa-
tion-of -weéighted ENO schemes[ R]. NASA CR-198228,
1996.

LIU Xudong,Osher S,Chan T. Weighted essentially non-
oscillatory schemes[J]. Journal of Compatational Physics,
1994,115(1) :200-212.

(AR, T S 8h Sy M. bt ML R, 1994,
Lobb R K. The high temperature aspects of hypersonic
flow[ M. Oxford:Pergamon Press,1964.

LIANG Xian, LI Xinliang, FU Dexun,et al. Effects of wall
temperature on boundary layer stability over a blunt cone
at Mach 7. 99[J]. Computers and Fluids,2010,39(2) :359-
371.



