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Experimental Investigation of Dynamic Characteristics of
Oblique Shock Train in Mach 5 Flow
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(College of Aircraft Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The structure and dynamics characteristics of oblique shock train in a simple duct model are in-
vestigated experimentally in a Mach 5 hypersonic wind tunnel. Back pressure of model is produced and varied by
the close of two ramps at the end of model. Measurements made include high—speed schlieren imaging and simul -
taneous fast—response wall pressure along the length of model. Results show that the leading edge of shock train
propagates upstream, and translates to be asymmetry with the increase of back pressure. The asymmetry state
maintained throughout the last whole propagation process. Varying the rise speed of back pressure did not show
any discernible effects with regard to propagated speed of the leading edge of oblique shock train. There are two
kinds of motion in the shock train propagation process: steadily forward and rapidly forward. The characters of
shock train propagation are decided by the fluid structure, the pressure distribution of wall, the magnitude of
back pressure, and the distance to the isolator exit, etc. Different wall pressure spectral characteristics of
oblique shock train in duct are explored with different back pressure. But in the same case, all the pressure spec-

tral characteristics of transducers in the shock train region are similar. In Case 1, the dominant frequency is fi=
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512Hz; in Case 2, the dominant frequency is /i=578Hz, the secondary frequency is /2=260Hz that is close to

the acoustic resonance frequency. Both the dominant frequencies obtained in the experiments are higher than

those of the theoretical prediction of Piponniau model.
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Fig. 1 Schematic of model configuration and pressure measurements(mm)
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Table 1 Parameters for the experimental conditions

Parameters Case 1 Case 2
po/kPa 657 637
T,/K 513 505
Ma 4.93 4.93
Closed angle of ramp/(°) 15.5 17.6
Drived speed of servo motor/Hz 4000 3000
Rising speed of rod/(mm/s) 2.7 2.0
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Fig. 3 Schlieren images of started supersonic flow at t=0.7s
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Fig. 5 Mach contours of started supersonic flow by CFD
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Fig. 7 Pressure standard deviation distribution of started supersonic flow
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Fig. 8 Sequence of schlieren images and corresponding instantaneous pressure distribution

for shock strain propagating in Case 1
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Fig. 12 Dependence between back pressure and rising
distance

3.6 [EELEEME TEE BT

ph T 7 b T 0 v AR Y R S R AR Ik P A B 1
AN —, BT LS RS 1R T A T AR A ELA A [ 1 e
FETT R o B RO B S R B A K (151 8,9) AT A,
Case 1 H R 15 1 P & )5, BHOD% o A 2 B2 2 7E TS
A8 SRR B 3T 5 7 7€ Case 2 TP AHE AR A2 W RITRS H 0L
B, B Ik R R R 4 B, N TR AU 2 1 R
Pk H LA R ) 1 B S e

K 13 BoR Case 1 H11=6.5 ~ 6.6 X [H] N 1H 52 15 J&
SR T4 ~ T7 Kb BETH SR ID 5% o B AT LA H T4

Qb BE T R A 32 B WO HR A R e IR AL T AR E IR
B5T6,TTH AL T B AT 2k 2 Je 2 B BT 4R
i IR A 5 T TS Ak He 50 53 D) BRI Sk ARb 8008z £ TiT 2% 19 T
JE R 2 AR E MRk IRE . =%
Sugiyama H'"' 7 HAFF 5 v fir & BHL A9 A [e) 1) 5 ik 3h
PG W] LU Y, BE TH 0 2l 200 5 ] DLW 00
AL E s SR . i B 13 TS ~ T7 B R RE
PERT DL & BR, # He % 37 U A =2 (8] 1 ] B Bt 1] A [, 3
25 N At=2ms,

5 6.54

Time/s

Fig. 13 Pressure time histories obtained at T4 ~ T7 for
constant back-pressure condition in Case 1

Kl 14 7R T Case 1IR3 18 55444 F TS,
T6,T7 A T10 4 & 38 Dy R 3 o 0l DLFE H 3 T3 Y
AR E R SR AR 1 £ fi=512Hz, X 5 BE
I 3R 3% 18] B B 8] Ar=2ms B9 00 I 2 — 20T
T5 ~ T10 1% % & 1 75 2 H (SPL) AT, AUl ¥ 78
214 ~229dB YL N o i — 81 & B, 7F 1000Hz £
ATAFTE — > B 55 19 AR AR AR A, HG ik B T A 1) R
R K B ORI S L 7E T, T10 Ab Ho ik B L - 1R Mk
SURIIEIN

B X R e R DX R T R Ik Bl A ) A AR —
LR O R 2l A R P AE AT A R R AT T R
= M WF5T . Piponniau S, Dupont P45 3k - iff i )2
G35 A AN T Bl < Y DB TE XS 43 8 OB TR A
J2 Ui ) 2 BGHE AT B 43 B B BE AL 1 R T*ﬁ“fﬁ
JEE A v A R 0 S AR 3 L R A Y

f.= $¢(Ma )g(r,s) (5)

KXhr MO BEUEE, O(Ma) WY R AL,
Ma, 2Ry S50 X3 5 W5, r FLs 9 ) R TR A J2 i e o
TG BEAR AR, g (rys) Ay BE R4 8 XoF 47 0% 0 o i
% By A B 52 ) FR B AR IS I DA KB AL 4
Al 1% #] U, =780m/s, h=0.005458m, Ma, =1.5,

D(Ma,) =0.19; % J& 2 B 11 )2 1 & )2 i 50 @ SCREAR
BRI, HE N A R 0 BE AR A R s ME LLB SE , PRIk
AR HH GG SCHR G B B g (r,5)=0.017, it



1038 et

20144

THAAT 3 f =462Hz, i BUH B/ T 5295 D A5 1 3k
IR s 8 0, SRR 7S i BSR4 B B 5T R
ﬁ%ﬁﬁj%%@h%f%m'm,Henry“g‘%ﬂ:?ﬂ—“gﬁfﬁﬁ
B 43, HE S A A O N Ok R A LR Y A 3
22 all-Md’

fo= e " (4L ) (6)

K a B G 75, Ma IS W8S
R, LRSS — TERRE 5 B I O Z R R EE R . 4
B TS B BUE &5 R 0] 15 =480m/s, Ma=0.2, L=
0.315m, | 3 & 75 2% L g 4 % f, =366Hz, {H & 7F

Case 1 If- 34 M A X A RRAE AR

£,=512 £,= 1080 £=512 £,=1062
25 . 25 : 3
| / I L /
2200 st o0 2001 VWA '
N 2
%150 %150
i T S 1} T iy
Frequency/Hz Frequency/Hz
(a) TS5 (b) T6
s f=512 £,=1010 £=512 [,=985
/ i Nl
o iy hid 'l 'ﬁ'\i\l"|
£ 200 =Y % 200
N N
5150 %150
1
T T S T} T T A i)
Frequency/Hz Frequency/Hz
(e) T7 (d) T10

Fig. 14 Power spectra of the pressure at T5,T6,T7 and
T10 for constant back-pressure condition in Casel

158/RT Case 2IREHHEETESRKMETTI,
T5,T7 A1 T10 Ab H 58 Dy 28435 5] o % 33 PO A s iy &
H 5 4R 3% 1 M 2928 f=578Hz, T I3 — > FEAE A
YN =260Hz, X FAth A Ab A J% 2 I A5 He 58 i AT
Ty 2238 3 A7 45 B AR LB 35 3 OC &R o T1~T10
A 1S 5 ) AR B K oy A A I, HE SR AL P S 9% SPL
Y298 221dB . 245G S 00 S HCREE B 25 3L, v 15
U, =927m/s, h=0.0069m, Ma,=1.5, D (Ma,)=0.22, % &
g(r,s)=0.017, Hifhi 15 2 .=502Hz; a=480m/s, Ma=0.2,
L=0.488m, 75 “# ¥z 3% Ml R £,=236Hz. Xt o] W, ,
Plponnlau*ﬁiﬂﬁ'ﬁE@b@i(ﬁ%iﬁzﬂ%d\?;@gﬁ(}nﬁg
B AT £, T AR AR AR RN A AH I

A3 BT R YR S 56 I B {H 5 Piponniau S B8R A -
SE{H =2 ] 22 BRI 7 A Y D PR AT g SR D AR AR Y AT 2
LSS VAN @ AR B Y O T = = i R 2
BV = RS A1 IS N = e S O N e R
A B T AEAS SE g AR R AR TR = i R

7 L5 0 TR I R 2 D e 2 A BT T
1 43 B3 TR R, it Sl R A B 4, kil A5 SR AR A ) —
%ﬁ‘ﬁ%‘?E@Eﬂ(ﬁi‘ﬁﬁx’ﬁumfﬁ,ﬁ1§1§=Pip0nniauS
PRI R 5 A ORI B VK S IR A A 2200 .

Xt b S 25 AN () T 25 30 | sh A R bR AR g e e
PRIEL LR, N IE SO E Y R AE AR — TR 40 ~
150Hz i [l A, T >k Ui 25 b 50 ¢ 8 i B B A X7 i
P HR Y R AE A R — B 7E 150 ~ 600Hz VI [Bl P , #E 2 5
[ S e N b A iy R (S D
BE T 43 B DX S8 A 0 285 A FBLAH DG o 76 N7 IE B0k R
AR 43 60 3 A PR NI R S R 2
(], 9 3 v o DX 3 Ay 98 B o R 58 R ) I IR, ik )
T8 37 B T2 5 AR W AR N O S R A B AR A AR
X RHEOE H U b BT A3 DA B — R I T
ST UG FE T 5 O, A I O KRR JE X AR
RO, SR Bh 2 43 B R A K, I BN 3 T AR K
TR AR E o (IR B Bk A AR AR B 2
2, XA I R A 5 25 S 58 AT E— 4R

/=578 f,=578
250 FE2E0 L1178 25 =360 ¢
%200 A . %200 A -"'Imm
N 3 i g
5150 %150 .
S T S TI S 1) %0 e o
Frequency/Hz Frequency/Hz
(a) T1 (b) T5
250 260’;:278 250 ——7—= 20012 378
=200 I"“M £ 2000 e
3 : 13
S 150F+ - 5150
100 10° 10° 1005 10 10°
Frequency/Hz Frequency/Hz
() T7 (d) T10

Fig. 15 Power spectra of the pressure at T1,T5,T7 and
T10 for constant back-pressure condition in Case 2
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