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Abstract: In order to study the hysteresis in the isolator flow caused by wall suction, theoretical analysis
and numerical calculation are carried out to simulate the process that the back pressure raises and subsequently
drops in this paper. Based on the quantitative correlation between the free stream Mach number and the separa-
tion pressure proposed by Zhukoski, a theoretical model regarding the first shock of the shock train is developed
under the condition of moderate Reynolds number (3x10°< Re, <1.2x10°) without any control measures. It is
revealed that only a regular reflection is theoretically possible for the first shock when the entrance flow Mach
number is greater than 2.0 and no hysteresis phenomenon can occur. Nevertheless, the wall suction can stabilize
the first shock foot by bleeding the boundary layer, resulting in an increasing of separation angle and shock wave
angle with back pressure rising. As a result, the flow deflection angle is in the double solution domain of the Von
Neumann criteria and a hysteresis in the RR<>MR transition occurs once. The results further exhibit a new hyster-
esis in boundary layer separation which is induced by the back pressure.
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Fig. 1 Sketch of the isolator model with suction

ThAR R U R S U A ok T, ok T E R
T.=300K , # JE p.=10kPa . % & 3K W & #f %
Ma,=2.5F1 Ma,=3.5 PR IGO0 . B ES BEA 30 5 5%
P E R T  BRE B O R 4, H R
JE LG p,=p,/p.. . BETH 46 FATC WS A5 [T BE b I 4%
FUISE Sk A4 25 0, B MR 10 R 8 I R 52 i il W% 3
Bl A SCAEZB T+ M REAR R Wt A 7 b —
A I WS B L b, R AR A2 R i 2 oK A AR
N T 1 e 2 A SH A
22 HEFERWIE

B TR Rl B Fluent 85 4 B oR g 4%
it 0SS 7 SR FH SST k- it 30455 8, X 37 38 1 >R H Roe
s BRI, KGR IR B A XA X BE T B S
B RS B — 2 A% BT o, T BE T A < 4R
XoJ B TH] Ak 3t SN RS AUL A L AR A Z S 20 07

T 56 UE O AR UL W] AE B R SCEE B Dudek
A5 U1 T AT R B S A SRy i o R AT R0 AR A
BAE TR AR08 A R 3 — B IR B B B A D=
50.8mm, £ L=901.7mm, #F 1K Jo i A 2 5 Hk £ 2.0
B 44 A0 Sk i, SR T TR 300K, ## K 15.86kPa, R =
AR AL, A% BB 100 J7

Pl 2 Sy b B B RE TR R ) 3 A B T SR 45 R 5 5
G 25 XS b, AT DL, JE e 2 B s By R D R 2



734 et

2017 4F

e Hp ) AR A 0 (A A 2 SRR S 5 R A W
T BCh, 2 WA SO SR AT A R 40,07 TR 70 H 304 N
PR B — E WK BE T A SRR AR Y .

Fig. 2 Comparison between numerical and experimental

results
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Fig. 4 Schematic of shock train in the isolator
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(a) Pressure rise process

(b) Pressure drop process

Fig. 12 (I-R)-polars illustrations at Ma, =3.5
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Fig. 13  Pressure distribution along both upper and lower walls at Ma_,=3.5
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