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Design Method of Two-Dimensional Hypersonic

Forebody/ Inlet of Mixed Compression
LI\Ming, SONG Wen-yan, HE Wei

(College of Propulsion and Energy, Northwestem Polytechnical U niversity,
Xi‘an 710072, China)

Abstract: It is possible to define a fixed geometry hydrocarbon fuel dual-mode scramjet op—
erating in a large M ach number range (between Ma= 3 to 8).The efficient design of an inlet is
crucial to the successful operations of the scramjet. T he goal in the design of any hypersonic inlet
is to define a minimum weight geometry that provides an efficient compression process, generates
low drag, produces nearly uniform flow entering the combustor, and provides these characteristics
over awide range of flight and scramjet operating conditions. A tw o—dim ensional hy personic fore—
body/inlet of mixed external and internal compression with plane lip and wedged lip is designed in
this paper by using constant shock angle method and constant shock intensity method. The design
point of the designed forebody/inlet is determined to be Ma= 6, H = 25 km. The effects of tem—
perature and shock/boundarydayer interaction are considered in the design. The design and off-
design performance and flow field of several types of designed forebody/inlet are calculated and
compared. T he comparison results indicate, at low er flight speed, the starting performance and to—
tal pressure recovery coefficient of forebody/ inlet with wedge lip are better than that with plane
lip- At high flight speed, the forebody/ inlet with plane lip shows higher pressure ratio and lower
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cowl drag, but the forebody/inlet with wedge lip exhibits high total pressure recovery coefficient
and high cowl drag. Moreover, the performance of inlet designed by constant shock angle method
or constant shock intensity method is similar. The presented method is applicable to the prelimi-

nary scheme choice of hypersonic forebody/ inlet.

Key words: aerospace propulsion system; hypersonic forebody/inlet; integration;

starting performance; variable specific heat; scramjet
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1 / ( : mm)
Table 1 Geometry details of Forebody/Inlet and Isolator (units, mm)

o/ (T /(T o/ (T ou/ (T Li/mm L>/mm L3/ mm A/ mm Ls/mm

5 14. 4 20.8 5 570.0 807.5 1 067.0 30.0 1300
5 14. 4 20.8 0 570. 0 807.5 1051.8 30.0 1300
5 12.3 20.8 5 514.9 790. 0 1 064. 6 30.0 1300
5 12.3 20.8 0 514.9 790. 0 1 049. 8 30.0 1300
7.5 14. 8 23.5 0 165. 0 298.5 367.2 15.0 468.5
B 7.5 15 20 5 312.0 423.6 561.2 30.0 749.0
Ma 2.1
[2]
9 D) ( A’ 1) ,
Ma Ma=6, P
; [1] = 5 500 000 Pa, 7" =1 800 K ,
o
/ ; : (2 3
3.0x10}
’ ’ 25108
o
E 2.0X10°
/ % 1.5%10°
’ = 1ox10°
/ )
5.0X10°
00
0.0
/ ,
1
2 (Mao= 6.0)
/ Fig-2 Wall Pressure Distribution on Ramp
0.7 = .
Yee HC TVD B, B
06} w R
NavierStokes , § 05 . ]
lﬂli( = \\\\
[1,2] / X -
04t
i .
; 03} L
5 5 0.2} * .
30 3.5 4.0 45 50 55 60 65 70 7.5
, , CFL Ma
0.5 ,

3

Fig- 3 Total pressure recovery coefficient of Inlet
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Table 2 Performance parameter of several inlets at design and off-design condition

M ay H A B
3.5 18.1 0.53 0.53 0. 52 0.52 0. 50 0.54
4.0 19.8 0.61 0.61 0. 60 0.60 0. 58 0.62
5.0 22.7 0.79 0.79 0. 79 0.79 0. 78 0.80
@ 6.0 25.0 0.90 0.93 0. 94 0.93 0. 92 0.90
7.0 27.0 1.0 1.0 1.0 1.0 1.0 1.0
3.5 18.1 0.79 0.77 0. 76 0.73 0. 70 0.75
4.0 19.8 0.76 0.64 0. 70 0.69 0. 60 0.67
5.0 22.7 0.60 0.51 0. 61 0.52 0. 45 0.59
6.0 25.0 0.50 0.39 0. 54 0.39 0.33 0.51
o 7.0 27.0 0.38 0.26 0. 37 0.26 0.23 0.38
3.5 18.1 12. 61 11.42 12. 69 11.89 7.6 5.9
4.0 19.8 13. 99 15.70 15.35 14.18 10.6 8.1
5.0 22.7 21.29 25.15 22.99 24.36 18.5 11.7
m 6.0 25.0 33.30 39.31 31. 44 39.80 29.9 16.0
7.0 27.0 33.65 50.41 38.76 50.39 38.5 21. 8
3.5 18.1 1.64 1.69 1. 60 1.62 1. 90 2.10
4.0 19.8 1.99 1.80 1. 86 1.91 2.02 2.26
5.0 22.7 2.36 2.14 2.29 2.17 2.27 2.72
Ma 6.0 25.0 2.62 2.37 2. 65 2.34 2. 46 3.12
7.0 27.0 3.08 2.55 2.94 2.56 2. 66 3.40
(q= 64 240 Pa) (2 5
2 3
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Ma ( 2) Fig.4 Pressure contour distribution of
CFD inlet flow field
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Fig.6 Exit Mach number distribution of four inlets

Fig.7 Wall pressure distribution on lip of four inlets
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Fig. 8 Pressure contour distribution of several inlets at off-design condition
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Fig.9 Velocity vector of two inlets at off <design condit ion
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