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Abstract: An adaptive flow-control method based on air-bleeding multi-slots for a superson-
ic mixed~compression two-dimensional inlet was brought forward. Two inlet models with/with-
out air-bleeding method were designed separately and a comparison of the inlet performance was
conducted with numerical method. Effects of air-bleeding on the self-starting ability, critical per-
formance and resistance characteristic were attained. Results indicated that setting a series of air-
bleeding slots in the internal contraction region of the inlet can obviously improve the critical per-
formance of the inlet without deterioration to its self-starting characteristics. Meanwhile, bleed-
ing mass flow can be self-regulated with the movement of the incident shock of the lip and its re-
flected shock. Compared with the inlet without flow-control method, the maximum backpressure
and the total pressure recovery coefficient of the inlet was raised by 12.15% and 7. 11% separate-

ly at design operation by means of air-bleeding, with a cost of only 0.71% reduction of mass
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flow and 2. 7% resistance increment. Moreover, the increment of resistance can be further re-

duced to only 1% at cruise operation.

Key words: supersonic inlet; flow-control; air-bleeding;

total pressure recovery coefficient; resistance
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Table 3 Mass flow rate ratio and air-bleeding
coefficient of each slot of the inlet for model 2

(Ma=3.0,through flow state)

N Pt (Pual @) [ V6
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3 0. 000 64 0. 065
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6 0. 002 BQ 0. 265
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Table 4 Comparison of mass flow rate ratio and
air-bleeding coefficient of the inlet between
model 1 and model 2 (Ma=3.0)

R S E D! 2
@ 0.983 0.983
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/% 0 0.61

o 0.983 0.983
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n/ % 0 0.71
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Table 5 Comparison of critical performance of the inlet

betweenmodel'l and model 2 (Ma=3.0)

VS N G (Apdpo)/ % Xoo/%
1 19767 0.591
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Table 6 Mass flow rate ratio and air-bleeding
coefficient of the inlet at different incoming

Mach numbers for model 2

Ma @i Pa @0 P /%
2.5 0.843 0.834 0. 009 1.07
2.8 0.927 0.919 0. 008 0.86
3.0 0.983 0.977 0. 006 0.61
3.2 1.000 0. 995 0. 005 0.50
3.5 1.000 0. 996 0. 004 0.40
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Fig.15 Sketch of the flow variance of the inlet
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Table 7 Comparison of resistance of the inlet between

model 1 and model 2 at design operation (Ma=3.0)

HE (Ca/Ca) /U (CL/Cu) /% (C/Ca)/ %
1 32.03 0 32.03
2 30. 85 3.90 34.75

K8 KMMRAETARIMAR2HHASREMR AT
(Ma=3.5)
Table 8 Comparison of resistance of the inlet between

model 1 and model 2 at cruise operation (Ma=3.5)

FE (CJ/C)/%  (CJ/C)/%  (CJ/Cu)/ %
1 26.49 0 26.49
2 25.70 1.80 27.50

T3 BT E B (R 3.90%) , T 2 1
HEAHE B B Jrge LA 9k 4T T3 K, i 32.03%
M A 347590, W E O 2.71%0 . X TIOR3
(Ma=3.5),J5 5& 2 it SE AP IR 1.80%,
AT P BE e i BB J1 Y 27.50% BT 1
(26,49 Y0 LB T T 3.01% o Al U, 3 f0HR 28 R ik
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Fig.16 3D geometry of the inlet for model 2
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Fig.17 Contour plots of static pressure of the inlet by
using 2D and 3D numerical methods for model 1

(Ma=3.0,through flow state)
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Fig.18 Contour plots of static pressure of the inlet by
using 2D and 3D numerical methods for model 2

(Ma=3.0,through flow state)
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Fig.19  Contour plots of static pressure of the inlet by
using 2D and 3D numerical methods for model 2

(Ma=3.0,critical state)
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Table 9 Comparison of inlet performance by using 2D

and 3D numerical methods (Ma=3.0,critical state)

ifji % @ @ Do/ o o,
1 0.983  0.983 19. 67 0.591
—4 2 0.983  0.976 22.06 0.633
A% 0 —0.71 12.15 7.11
1 0.957  0.957 16. 35 0. 542
=4 20 0.957  0.947 18. 46 0. 580
A% 0 —1.04 12.91 7.01
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B20 U558 23T = AR 0 BURAR A R B R
(Ma=3.0, @ RZE)
Fig.20 Contour plots of total pressure recovery coefficient
of the inlet by using 3D numerical method for model 2

(Ma=3.0,through flow state)
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Fig.21 Contour plots of total pressure recovery coefficient

AN

of throat section of the inlet'by using 3D numerical method

for model 2 (Ma=3.0, through flow state)
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