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Abstract: In order to explore the oscillation characteristics of the inlet unstart induced by the low Mach
number inflow, an unsteady simulation study of a specific integration of the forebody and the inlet was carried
out. A comparison of the oscillation flow field and the aerodynamic force of the aircraft under different incoming
Mach numbers were performed. The results show that a stable periodic oscillation appears when the inlet is un-
start at the low Mach number. And the cycle length of the periodic oscillation increases with the increase of the in-
coming Mach number. Due to the throttling in the inlet throat, the oscillation flow field can be divided into two

stages, which are the increasing and decreasing stages of the separation bubble in the throat. Meanwhile, the dis-
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tribution trends of the mean and amplitude of the pressure along the tunnel both exhibit high at throat and low at

both ends. And the increase of inflow Mach number will increase such trend. In the oscillation period, the varia-

tion trends of the lift coefficient C; and the drag coefficient C;, are quite different, while the lift drag ratio curve is

manifested as the trend of increasing with the throwing up of the separation bubble and decreasing with the swal-

lowing of the separation bubble. €, and C|, decrease with the increase of Mach number, but the amplitude of pul-

sation changes little, and the lift drag ratio is not sensitive to the change of Mach number. C; and C}, both de-

crease with the increase of Mach number, but the amplitude of oscillation changes little. And the lift-drag ratio is

not sensitive to the change of Mach number. In addition, in the process of self—starting, it is found that once the

instantaneous flow in the throat is higher than that in the starting to a certain extent, the separation bubble at the

throat can be swallowed completely. Because the swallowing process cannot be simulated by the steady simulation

accurately, the self-starting Mach number obtained by the steady simulation is higher.
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Fig. 1 Structure diagram of the integration of the forebody

and the inlet of hypersonic vehicle

Fig. 2 Schematic diagram of grid division
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Fig. 3 Experimental model and specific position of each

measuring point on the model

Fig.4 Schematic diagram of wall grid
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Fig. 8 Structure of unstart flow field under Ma 4.5
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Fig. 9 Flow time curve of throat and nozzle outlet under

Ma4.5 condition with unstart oscillation
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Fig. 12 Time varying curve of lift coefficient, drag
coefficient and lift drag ratio of aircraft in a single surge

period under Ma4.5 condition
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Fig. 13 Time varying curve of flow rate at throat and
nozzle outlet when inlet unstarting under typical Mach

number condition
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Table 1 Flow oscillation characteristics of inlet throat under different Mach number

Parameters
Mach number 4.50
Period/ms 13.9
Length of throat flow falling section/ms 6.22
Length of rise section of throat flow/ms 7.68
Maximum flow of throat m ., /Capture flow m,,, 0.73
Minimum flow of throat m,,. /Capture flow m,,, 0.19
Throat flow pulsation Am/Capture flow m,,, 0.54
Starting throat flow m,,,/Capture flow m,,, 0.93

Value
5.00 5.20 5.35
13.8 15.3 18.6
6.64 8.64 10.94
7.16 6.67 7.70
1.03 1.13 1.17
0.25 0.30 0.35
0.79 0.83 0.82
1.03 1.07 1.10
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Table 2 Position information of separation bubble under different Mach number

Separation shock movement distance
Mach number

Most downstream position of

Most upstream position of

at lip/mm separation induced shock/mm separation induced shock/mm
4.50 730 1991 1261
5.00 846 2090 1244
5.20 848 2153 1305
5.35 853 2167 1315
{5 Table 3 Aerodynamic parameters of aircraft under
different Mach numbers
= 1.0
53 Parameter Value
£ 05 Mach number 450 500 520 535
0.0 . . . . . Maximum lift coefficient/1072 15.88 15.67 14.45 14.19
et < s I il 22 s Minimum lift coefficient/107 10.59 8.71 8.37 8.23
a
. . . . . 2
Fig. 15 Dimensionless throat flow curve under different Lift coefficient amplitude/10 329696 608 596
Mach number conditions Maximum drag coefficient/107 6.12 5.75 5.49 5.41
Minimum drag coefficient/107 3.95 3.64 3.71 3.47
Geometry Drag coefficient amplitude/107 2.17 2.11 1.78 1.94
80 f— ’;g;:gﬁs § Maximum lift drag ratio 342 3.67 3.69 3.55
g == Minimum lift drag ratio 174 152 154 154
s ] .
i — Amplitude of lift drag ratio  1.68 215 2.15 2.0l
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Fig. 16 Pressure distribution along the wall at typical times

under different Mach number conditions
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Fig. 18 Unsteady calculation of inlet self-starting flow field

structure under Ma,5.4 condition
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Fig. 19 Unsteady calculation of typical time flow field

structure under Ma,5.4 condition
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Fig. 20 Structure of unstart flow field under Ma,5.4

condition (steady simulation)
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