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Suppression of shock train oscillation based on upstream wavy wall
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Abstract: The effects of wavy walls on the suppression of shock train oscillations were investigated
in a 32 mm high rectangular isolator under Mach 3 freestream flow. High-speed schlieren imaging and
transient pressure measurements were employed to capture the shock train oscillation flow, which was
induced with flat wall and sinusoidal wavy wall (with amplitudes from 0.25 mm to 1 mm) through steady
throttle and 50 Hz to 250 Hz periodic throttle. For steady throttle flow, the shock train exhibited self-
excited oscillation within small range. Wavy walls significantly altered the pressure signal spectrum and
reduced the root mean square of wall pressure. 1 mm-wavy wall reduced the oscillation range of the
leading-edge-shock. For periodic throttle flow, forced shock train oscillation emerged and wavy walls
reduced the root mean square of pressure within the oscillation region. As the throttle frequency increased,
the effects of 0.25 mm and 0.5 mm-wavy walls on the oscillation transferred from enhancement to

suppression. Meanwhile, the 1 mm-wavy wall consistently led to an increase in the oscillation range.
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Overall, 0.25 mm-wavy wall exhibited the optimal suppression effects. Specifically, 0.25 mm-wavy wall

reduced the oscillation range of 250 Hz condition by 32.2%. The analyses showed that the interference

wave system and wake vortex effects induced by the wavy wall reduced the Mach number and total

pressure recovery coefficient of the downstream flow, and generated regions of positive and negative

pressure gradients on the downstream wall surface. For the present configuration, a small amplitude

(0.25 mm) wavy wall can suppress shock train oscillation with a minimal drop of flow total pressure

through vortex effects and variations of pressure gradient. It is necessary to consider the parameter

matching between the wavy wall configuration and shock train oscillation flow in the practical application.
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oscillation suppression
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Fig. 1 Small-scale direct-connect wind tunnel test rig
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Table 1 Freestream parameters in the main flow region

2R ¢z

g 2.93

JE5#/Pa 2887

TR E/K 110.0
HFEEEE /mm 4.0
FiF i 512 5L /mm 1.5

SRR AL, 7 A R IR G B . R ALY
AR (e R SRR ) A

2XkXn
60

Forb ke Sy v Bl AL 0 T5R ih 2 T) F) 96 EE AR AL Bl L
n A LS AL, B R r/min. B A 15 RIE 5%
DAY A AR R S A, BT 7 A S A
. 275 3CHk [13] P RYTHE DIk, SRS bR
WU T, AT I AR [ A A ) R e B
1 O T AR LA AR 3, TR A S OR:

f= (D

T7 T8

1
1
240 '
LU i

B2 B B R R 2 (i mm)

Fig. 2 Schematic diagram of the isolator model (unit: mm)
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Fig. 4 Photographs and dimensions of the wavy wall
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Table 3 Streamwise coordinate of the wall pressure

measurement points
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Fig. 5 Pressure signal of typical measurement points under

steady throttle and periodic throttle conditions
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Table 4 Parameters of shock train motion of various wall

configurations under steady throttle conditions
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Table S Dominant frequency and amplitude of pressure signal in leading-edge shock region under steady throttle conditions

A,/mm fi/Hz Ap/pe f/Hz AP fi/Hz Ap/ps
0 13.99 0.42 23.99 0.36 39.99 0.31
0.25 31.99 0.16 18.99 0.12 46.99 0.12
0.5 44.49 0.13 18.49 0.12 63.99 0.10

1 62.29 0.40 48.99 0.19 16.99 0.14
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Fig. 14 Typical schlieren images and x-f contour near lower surface of straight wall and 0.25 mm-wavy wall under

/=100 Hz periodic throttle conditions
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Fig. 15 FFT results of pressure signals under /=100 Hz periodic

throttle conditions
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Fig. 16 Comparison of pressure signals during typical time

intervals under /=100 Hz periodic throttle conditions
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Fig. 17 Time-averaged values and standard deviations of upper

wall pressure under /=100 Hz periodic throttle conditions
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Fig. 18 Schlieren images of the shock train at time instants of the most upstream and downstream locations under

=100 Hz periodic throttle conditions

20250370-10



513

1o SR e BET b R MO E T AR A R G 40 R F 5

Bl; R R B (4,=0.5 mm A1 1 mm) ¥ & B 17 25175
S B AR I RS Bl . BE A T RE IR R Y
B, ik F R e MR . i 0.25 mm
U By B TR R A I R R 35 Y 1R R 51.48 mm, A
FE - BLBE 1E 9 54.27 mm FEAK T 5.14%. 0.5 mm
A1 mm P 3h BE [ A4 B 0% B PR 00 LA
55.23 mm Fl 62.30 mm, A Lb P ELRE HTHS A 1.77%
Al 14.80%.

*z 6 =100 Hz AHHR IR ARKEFEREA
K BIEEESH
Table 6 Parameters of shock train motion of various wall

configurations under /=100 Hz periodic throttle conditions

A,/mm Xpnin/ M X/ M Ax/mm Fae/%0
0 109.23 163.50 54.27 0
0.25 117.01 168.49 51.48 —5.14
0.5 95.87 151.10 55.23 1.77

1 73.59 135.89 62.30 14.80

222 PIERET XS 3230 k35 S AR
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B B TR 0 53 52 38 I 73 Uik 3 1 il 2% BB 0z 31
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£ 160F !
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Fig. 19 The most upstream location, most downstream location

and oscillation range of the leading-edge shock
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®7 BPTRIRMERNRTEEE SRR

Table 7 The oscillation range percentage variations of the

shock train under periodic throttle conditions %
T'axo
A,/mm
50 Hz 100 Hz 200 Hz 250 Hz
0.25 6.75 -5.14 —7.66 -32.19
0.5 9.24 1.77 —14.32 -27.71
1 24.41 14.80 58.49 44.93
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DX 3 5 e 4 1 A1 T L RE 1T 45

21 Ik T BE T X BE TT R 38 2 25 19 5% 1 B
R EE N 4% . AR, A6 LT R
P T, I 0 R T AL TR 25 B IR BE 1R R R 38 5 25 . (R
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Fig. 20 Time-averaged pressure of upper wall
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Fig. 21 Stand deviations of upper wall pressure
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Fig. 22 Schlieren images as the shock train moves to the most upstream location under 50 Hz and 250 Hz conditions
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Fig. 23 The most upstream locations of the shock train under

periodic throttle conditions
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