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Abstract: Based on the supersonic inlet model in Wagner’s experiment, RANS-SST was used in numerical simulation to
analyze the inlet start and unstart flow field characteristics. By broadening the computational domain and adopting the free
development method of boundary layer, the possible periodic oscillatory flow phenomena in the process of the inlet unstart,
such as the high-pressure generation and reduction inside the inlet, the expansion and contraction of large-scale separation
bubbles at the lower wall, and the unstart shock propagation, were accurately predicted. For inlet start at the flap angle of
0, the wave structures, wall pressure, and flow velocity distributions were consistent with the existing experimental results.
For inlet unstart at the flap angle of 28, the oscillation period and amplitude of the flow field were in agreement with the ex-
perimental data. The dynamic mode decomposition of the unsteady flow of the inlet unstart was carried out. In the flow field
mode with the main frequency f; =69.8 Hz, the pressure oscillation at the outlet of the inlet is the strongest, while the ve-
locity oscillation at the inlet and the upper wall is the strongest. In addition, the flow field modes captured by double fre-
quency f>=139.7 Hz and triple frequency f; =209.5 Hz are mainly discrete small-scale high-energy structures. In the oscil-
lation process of the inlet unstart, the flow field outside the inlet produces large velocity and pressure pulsation. Therefore,
the accurate description of the interaction between the fields inside and outside the inlet is an important factor to predict the
inlet unstart oscillatory flow.
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Fig. 1 Schematic drawing and physical drawing of the inlet'”’
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Table 1 Freestream parameters of the inlet!”’
T/K P./MPa Ma V/(m/s)
330 2.5 4.9 740
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Table 2 Grid parameters

case total elements initial layer thickness/mm
grid 1 5.94x10° 0.08
grid 2 9.86x10° 0.08
grid 3 1.469%10° 0.05
grid 4 2.243%x10° 0.05
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Fig. 3 Wall pressure distribution curves under

different grid resolutions
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Fig. 4 Flow velocity distribution at T1 on the symmetry plane

W5 (a) 7R g 9250 A3 B iR SRS T
WHEGE I, AT LVE B AR S IR I R 45

—_
Ma=5

floor boundary layer

15 (b) A5 A5 B 4 2F S TE XHRR 20 B AR
=B, SRR ST LUK I, B
D 2] 7 Sge R 4 1, 2, 33X 3 B A
W MERKDE B LA FEED SR A, BTSRRI
B E BRI, JOTA AR S5 ) 3 1 A S
S, TiTH52E S mT LAAS 3 01 58 88 (W bk 45 4, i
Sy M HESTE S IR B ARAE

MBI FE G 3 3 S 2 A AR 5 S
HEPRRREI FEEREZ " B 6 ZE 5(b) 4
SR ML HE X 38, Ry S5O0 T 5 45 30 10 Ja) 35 0 3 45
Y, S0 S T B2 1R B R 3 4 F S AR —
T, RIS S e Rk SR A AR R SR
T T2 AR ST BS , FE Y S X 43 B R B A
A3 BFE A —TE RO, IR R URA RS,

§ ———
Sx
boundary layer - D, A7 —
T P T T I T
Tl T2 T3 T4 TS5 T6 T7

P/ Pa:

AW I
8 750 12500 ___16250___20 000

A boundary layer, B: expansion fan, S: incident shock wave, 1, 2, 3 reflected shock wave
(b) Present

BlS b SE AR TSR R 3 0 A

Fig. 5 Schlieren diagram and pressure contours at symmetry plane of the inlet

inc;
den; Shocy, -
ave

T2

-—

sonic line

\duced separation
ock wave

\

T3

K6 S A il A2 M AR R 454
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Table 3 Average propagation speed of unstart shock

B/ shock speed/ oscillatory period/ oscillatory frequency/

(°) (m/s) ms Hz
25 79.01 14.5 68.96
28 92.15 9.5 105.26
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Fig. 18 Amplitudes of DMD modes at frequencies f,
and f;( pressure field)
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