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Abstract: The characteristics of shock train oscillations in a two—dimensional inlet/isolator were investigat-
ed in a Mach 6 shock tunnel to reveal the complicated unsteady flow under the influence of suction slots. High—
speed schlieren images and fluctuating wall pressure were acquired synchronously. Various throttling ratios were
imposed at the isolator exit to simulate backpressure. The experimental results show that at low throttling ratios,
non—oscillatory separation shocks are observed first. At medium throttling ratios of 25.3%~32.3% and high throt-
tling ratios of 35.3%~38.2%, the unsteady shock train forms and presents a large—amplitude low—frequency oscil-
lation mode and a small-amplitude high—frequency oscillation mode, respectively, under the effects of pre—exist

background waves and boundary—layer suction in the isolator. When the throttling ratio exceeds a critical value,
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the shock train is pushed out of the inlet and an unstart occurs. In the large—amplitude oscillation mode, a large

separation zone forms and vanishes periodically on the upper wall. As a result, on the lower wall, the leading sep-

aration shock of the shock train moves forward and backward repeatedly between the trailing edge of the suction

slot and the isolator exit. The dominant frequencies of the large—amplitude oscillation mode are 280Hz~480Hz,

which decrease with the increase of the throttling ratio. In the small-amplitude oscillation mode, a large separa-

tion zone on the upper wall persists throughout, whereas the leading separation shock of the shock train oscillates

near the suction slots at the lower wall. The dominant frequencies of the small-amplitude oscillation mode are

900Hz~1800Hz. Both oscillation modes cause severe fluctuating pressure loads in the isolator.
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1 35

P 725 B 2 KA 285 i R o T sl L 4 o R
g o R B HEOE R i, 28 B Btk AR B
7 B B 22 vh IR B R IR S AR U R
R R AT A B e Y ST N B R B A A I
P A3 LVCPC R BR 28 B9 10 26 o 0D 8 Y 45 4 i
SRR 2%, U LAAE E W R R O R i R iR
B3 AN AT K Bk 3l T g 84, 57 I 9 O LR 3 0 R
AR, 5 AT A% 25 H 09 [ AT 3R 40, A o) T
LSRR 55 B R R AT A IR SO R R
[ES RS 5 S

ANt T Ak F 8 B S A A O v 2 5
fih PR TR AL R P A R LI A R R A O
B ST AT ) 92 BRI ST AR AT TS R R AL B R R
JURIZE SO s E R I RL
10— SE A o T A R b RO/ S Beh L 2 B
B BLA TR AN S i 2 R SO/ Bk
SR ITT S PR LA B A A B g
SRS WO A A RS R E M R A
BRL1S B, B PR Th e, 00 oR 4 5 B8, i ¥4
OF BB WAL o WD R IR A A IR
ARZS, B ZAf th 3Rl S A AN S 2l M I o T >4 0
ORI 0 B T R R PR R AL E R, T
25 64 Fe 3 B AN A B TR B AR T, HEAR S B4 3 Bl oy
BT R AN [ DT 7 A A (5] 6 38 8 R 4%
AR SCHR[20] 92 58 W4 F) i RO SE I
e H3 A7 TE TR R R 2 AR B R v B R, OF 45 1 AR
o EWE B ST R PR TR WA o> @ M i
WA R 05 A G 1 2 PR P TE 5

BE— 2L AR T ARSI h, ECE N R 2
T R R ) AR RE A HE DA B e B
B BCR LR R BE 7 o Al IR B A N, AN A 2 R
SRR SR W R W B 2 B, AT A RE X

T

VR R AR G R R AR A T o SCHR [ 24 T i g )
R S 5T WL B AR S T I 0 H
A0 o) 7 Ak R B A R UL O R AR IR 5 TR S TR
I 98 e i BIR o e i W 2 BT IRV o WD L AR
JEe 5 S5 00 2R A DR 2 W) ) [ I 0 e e LA filE
HE I /R B P O IR R O A . AR
BEOGS il WA TR B4 v B g A T R R BN, S )
J T I 300 H B SOIR 35 R AR 5 L o e A
F Gk Y BEFE AR IE ke B AR O A IR B g
(75 0 o v 1 i — R

AR SCAE BRI HR SR T e S0 A0 B A 4 BE
T 3l 25 T e i 5 s B TR ) SO A Al
% —on kI /R R BN IO R R S SO IR
P, DAY 48 7% v B b 00k 0 /B s B oA i I R
Wi I B ER R v BL A

2 REBMGE

S5 7 R AR R R A7 B9 KDIB330 S it A i
PR kA7 A T AR 330mm, R 44 X T
HE Ma, =6, R V- 42 fok i iz 47 7 U5 L R At
AT FF 2224 30ms, HiL 7Rk I3 SR 810K, AL R 1.27MPa.
AR L 48 T v R B0 R 8 R0 PR ) ) e R 22 3 3 08
RERGE

S SR FH Y o0 gEASTE AR R B IR A B 1 TR
PN O T8 FE R 120mm , A0 4 TR R 46 F R 1491
— R4, R 46 T AT 2% 2 0k A AR K 310mm, JH H 5] [
420 100mm . HEAGE M ISR HL 290 1.65, 55 EL R
BB EE N h=1Tmm . SGHE FE F % 4 58
W %, LR R S TR BB T o il U A% 1) B
Amm , 5538 il W 4% 95 3mm, I8 15mm, & @] K 86mm , i
] FE 45 TN J7 09 I AR N ol A S 1 B — 0 O
BB T Ah (3% B AT S AL T 0=423mm ) B B AL B B
T CAn & 1R ), AR A5 s R B Ay 00 1 B 5 Bt
Th s NIRRT M R B 3% JE B TR KR,



Farg A4l il — oo i OE

W B #R i i A 769

AW

h
TR:; (1)

Ao h e

A SCHE AT 1 IETT I S B (TR=0) , 345 #E <,
BB BNIE RER . KRG, 4 TR=20%~41.2%
(40 4% 20%, 25.3%, 30%, 32.3%, 35.3%, 38.2% Fl
41.2%) 53 B HEAT SE 00, LI AN W) 2 2E R T 0 30k AR
R L.

S0 SR FH e R A R 0 4 1 S /0 S BN TR B
52, e AR U 20000 fps , BE G 8] 2ws. Al ] Ku-
lite F1 NS—2 9 Ff 155 1) 2 245 He 0 A% 84, W I 46 T
(T RETH ) MS H AR (B BETE ) rh 2k BT, R T
B 1 K FE RO IMHz. Kulite 14 2% %% 19 2 2 R
100kPa, [H 47 1 % Jy 200kHz, ) & £7 & 40 & 1
K1~K8 i 75 o NS-2 {5 J& £ 1Y) i & 2 100kPa (41 &1 1
o N1~N5 2 # 25 R J7 A% 2% 45 I 63 A1 300k Pa (44l 1
1 C1~C8 Ry B A . I AR A W 50, 3h A% IR A8 e =
W) o i 28 24 5 20kHzo A% 3CH 7747 %5 3 28 20kHz
IG3E UE U, IR R T R pL B AT TE i AL b

WAL, S35 BA R 3 3 R TR B Fluent Xf
TV AT T Navier - Stokes R A, T L
AR FH — 7 2 Spalart—Allmaras (SA)#8 | Kl 1 2 %k
K Sutherland 28 338 JOKS X I 8 0 5 HOE
Roe #% 20, X 30 300 % FH B il WUk =X 30 3 4 1R
JE 4 0 37 2 A T 5 M I 4% e AR A58 3R TG T A [ e

3 #R5H9MH

G 2 AN [A] 3 2E B T 00 IS C8 B R IR
FiR EHRERIRET WA EET & R
LR Sy T IR BN PR R . =
AU R W bR BN B e BT W R Y
PO ARG T A S B 2 RE T RGBS ) I
R P DR R A TR=25.3%,30% F1 32.3% I,
Ok B A T 2 ST 2 3] PR S B 1 22 ) R ] A
PEYR Y 5 TR=35.3% 1 38.2% I}, 1 iz £ 7 4k W 4% B 3T

Cowl

AN R S (SN R o N T I 73 N
41.2% W}, #ESE N Bl I & A ik

NV Y A R (5 5 W R e o=
WEE T WMAE W, SR 5 T 4500k & 0 w5 Fh
AR PR 5 18 2, I 43 1 HLAR T LT -
3.1 BEERRBEEEMAEINRIBEN

MR AN BB, B TR=0 I, BESE A TR 3
R 3FE 4(a) 43 545t T BT BE TS R R ) 43
A A 7 805 BUE BEA0L 5 S50 25 R 1 72 b ke A R
AW Ao WME 4Ca) B, 8 HEE (CS) 5 FB T T
B K B3 CEF) RN 320 80 2 A0 B e, 7 30 B 1 4b &
WO K AR AT A SR A SR — T il A 0 T 2 B O P
BRSO (RST) o ZERNIRAE TR L T8 F i A S
Ab 4 43 B DRSNS ABATY AR W Y A3 B Ok (SS1) 7
Ao Ay B WO (SS1) BT B (RS1) 5 4 T8 il W 4%
S5 S 7 AR 1 TR Bk (BSs) 7E R WA W & D B i
LN GBI L — 00 0 BE TET, I 7 B S B N PR RO
T B S U (RS2) o 3k BB S A7 4 1 I R 4540, 4
BT SO R AR e AR s B R R

BT 50k 2 i R I R A R RE T
) A28 S 55F, b1 BE T A2 A R R A R X (FPG) A
WA B X (APG) o A BB AL 25 S (LI 3) 4%
HXT R B GesEh , E 4(a) i . L BETH 32 )8
TR Bk Y S, T A CA~C6 Rb TR AR R X 5
L R 43 Vs R R A S A B e C 7 R i R
1] 07 S I R BB R s B S, BT RO I K i s
M), BE TAT R 77 6 0 0 C'8 BAF 3T 55 B0 00 A6 B o T BE T
A0 R 48 T 0 R 7 BG4 43 B B RN I 11 I R
45 )5, BETE R ) Jh s RS L BT RO T B T
HE T R N Tk, O TE Bl A% 1Y) I 2 AR A U il
A5 Fth W% 4 DX 1) e ) 7 A B AR DR AR R AT
BETAE ) B Th o BB 45 R R WY, M W 48 1 Ui 19 306 T
Hof 8 — L E 52 3 I 55 K4 BRF AT 5 B S L PR R B K D 1)
e, T RE T Y R ) SO R IR B AR EE X . H
Z N 5 K8 R UF, I RS2 A B R BE M, 5l A2 K )
[l 7t

Cl ——* C6 C7 C8
n | [ [l

Shoulder h=17 ®
A ! Block
aoo ¢

- r‘\’\m K3 K4 K8
N17NS

y
Ramp
&
J 14
o

254

»le

68.5 21

»le
it

>l
it >

Fig.1 Model of 2-D inlet with suction (mm)
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