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ABSTRACT

The present paper deals with concept design of supersonic inlet based on compressible
flow theory and flow control of bleeding in order to guarantee stability of supersonic inlet
of ramjet engine in broad range of operating conditions. Shock instability, shock
wave-boundary layer interaction and flow separation should be properly controlled to
improve performance of the supersonic inlet. Considering shock strength, boundary layer
and flow separation, the supersonic inlet is modified from the basic model which is
designed under inviscid theory. Consequently, shock is stabilized, and required mass flow
rate is obtained. Furthermore, bleeding is applied to the supersonic inlet to maintain
performance in off-design conditions. Mass flow condition is adopted for modeling of
bleeding effect, and performance of the supersonic inlet is evaluated by changing bleeding
locations and numbers.
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Fig. 1. Pressure distribution at ~/= 25 for

basic model
Table 1. Pressure ratio r=1P~, /P, ; P,:
pressure after the oblique

shock, P, :pressure before the
oblique shock

Oblique Shock Ttheory Tcrp

1ot 167 1.66

o 1.41 1.41

3¢ 241 2.37

4" 1.17 117

Tot 6.56 6.47
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Fig. 2. Diagram of final model (length scale

: cm, angle scale : degree)

Table 2. Design parameters of final model

Design Parameters Value
Design Mach Number 25
Captured Area 0.1m
Mass Flow Rate 100kg/s
1*" Deflection Angle 7°
2" Deflection Angle 4°
Cowl Deflection Angle 4.5°
Pressure at Diffuser Entrance 5 atm

@ Supersonic Inlet ==

@ Supersonic Outlet ==

@ Viscous Adiabatic Wall ==
@ Slip Wallm=

Fig. 3. One—-block grid and boundary

conditions
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Fig. 4. Mach number distribution at 7= 2.5
and boundary layer on the wall
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Table 3. Effect of bleeding at M7= 2.3

Bleeding Point
® @) ® O)
Removing « o « o
Separation

Table 4. Mass flow rate at supersonic inlet
and bleeding point @ at m/=23

Total
90.804

Bleeding
5.623

m(ka/s)
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Table 5. Effect of bleeding at #=2.0
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Table 6. Mass flow rate at supersonic inlet N
and bleeding point @ at =20
Total Bleeding
m(kg/m - s) 61.074 6.288
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