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Investigation of a 2D Variable Geometry Over/Under
Type Inlet for RBCC
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Abstract: In order to improve the seal and aerodynamic heating at the variable geometry throat section of
RBCC inlet at high Mach number, an over/under type inlet was discussed by referring to the corresponding inlet
that was previously applied to the TBCC. In the range of low Mach number, the inlet was adjusted to get a prop-
er total contraction ratio and the same internal contraction ratio of each passage. Thus the two passages could
gain similar performance parameters to reduce the mixing loss and resist the roughly same back pressure. In the
range of high Mach number, the low—speed passage was closed and the high—speed passage was kept fixed. The
numerical simulation results indicate when the free stream Mach number are 2.0, 2.5, 3.0, 3.5, the average
Mach number of the two throat and outlet sections are similar, the deviations do not exceed 0.05 and the mass
flow rate reaches about 0.7. In summary, this design enables the inlet to possess a high mass flow rate and good
performance during the whole working range Ma=2 ~ 6, and the adjusting method is practical and feasible.
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Fig. 2 Schematic of variable geometry over/under type inlet( Ma, =2.0)
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Table 1 Parameters of variable geometry over/under type

inlet
Ma 3/ 8,/ 8/) CR  CR, (High/Low)
2.0 0.0 0.0 25 190 1.19/1.21
2.5 3.0 3.0 15 277 1.47/1.45
3.0 5.0 6.0 09  3.99 1.74/1.76
3.5 5.9 8.3 09  5.00 1.95/1.82

Table 2  Flight conditions
(Dynamic pressure g=64.2kPa)

Ma,, H/km p./Pa T./K p./MPa T./K
2 10.94 22914.7 217.2 0.18 390.9
3 16.10  10191.7  216.7 0.37 606.6
4 19.78 5723.26 216.7 0.87 910.1
5 22.65 3659.63  219.2 1.94 1315.2
6 25.0 2549.22 221.6 4.02 1817.1

0.045H, Mixing & expanding
=S segment
— T
¢ "ﬁlsi:@

Fig.3 Schematic of variable geometry inlet with corresponding part movable( Ma, =2.5,3.5)

High-speed flow passage

Fig. 4 Profile of variable geometry inlet on working point of Ma,= 3.0



484 et

2017 4

4 WHHERSR

4.1 T AHSKEBEIEEITE

R Ry 26 1 rp Sk %50 2.0 F A9 8 T A SGE IR R T
VBB RUTET , T DA B 7 O R T %) 3 Al o 9 T ok
Bl /N S PN ) MG 4R B A a0 <0 A ok U S Bk 4 2.0 T S
ARG, Kb A m T BER 2, M B Ia) F R 2°, 4N
S BTN, A BT R TET B s 45 L B R 1,58, e
1K 38 T Y P USCAR L A3 IR A 1.0 R 114, X i Y
1 AT HR SR B e R BUE U A iR
R DA 2 TR S B T A AR S .
42 TIMHSEARETIEDHE T AR

2 9B RO D A 2.0 FAEE AR B R (E
AL ST B R 8 & R P TR Ma 2.0 BT, DL R aER

PR BE o R B HESOE 7E K R bR 8L 2.5, 3.0 F
3.5 F M A FIAR C 58 432 Ab T2 mig Tt 3 A Ol 40 591 Ry
0.019 H. ,0.036 H. F110.045 H. ), & U3 i i 5 4 4k
MmN R IR @ o RIHM TR
AV T a8 5 DX T e AR TR o 1 A ) S AR M RE S
B, Fkh o HIHEZRL, o, 7, , Ma, 53 % 0 W8
T B R R R B R L N S B, o, , 7, Ma,
539 Ay W A TED Y R R R A2 R B, B R LR B
o mR3IAMLIER, R S #F%02.0,2.5,3.0F3.5
T, #EATE Y i AR B R AE 0.70 A2 A B i &R A
AR, MR ZRBUIK T 0,02, Wk 8 v A H 11 4 Y 7
P4 5 R RO 22 78 0.05 LA N, i LU AR 22 K 51 0.65 (R i
g 3.5 BRAM) ol TRk U Bk B 3.5 L B E
o7 A TR E G T B I G R

Bleeding slot

Fig. 5 Profile of variable geometry inlet for self-starting calculation
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Fig. 6 Inlet self-starting process

Table 3 Performance parameters of the variable geometry inlet at Ma, = 2.0, 2.5, 3.0, 3.5

Ma., Flow passage @ o, ™, Ma, o, T, Ma, ®s
20 High 0.18 0.910 2.32 1.35 0.863 1.69 1.53

Low 0.53 0.927 2.33 1.37 0.910 1.80 1.54
55 High 0.27 0.907 4.28 1.47 0.863 3.22 1.62

Low 0.41 0.883 4.27 1.47 0.841 3.24 1.61 0.005
30 High 0.39 0.872 7.93 1.54 0.818 6.01 1.68

Low 0.27 0.810 7.66 1.53 0.727 5.37 1.66 0.018
35 High 0.53 0.836 11.97 1.72 0.788 9.28 1.85

Low 0.16 0.637 8.77 1.76 0.497 6.17 1.80 0.019
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Fig.7 Mach number contours of inlet at Ma. =2~6
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Fig. 8 Performance parameters of inlet varying with free stream Mach number
Table 4 Critical back pressure coefficient ( p,/p. ) at Ma,=2.0,2.5,3.0,3.5
Ma,, 2.0 2.5 3.0 3.5(High/Low)
Theory 4.55 9.99 19.51 39.32/30.23
CFD 4.3 9.0 18.1 29.0/27.0

Table 5 Performance parameters of inlet before/after adjustment in critical status at Ma,=3.5

Ma, Flow path ¢ o, T, s
High 0.53 0.707 27.0
Original 35
Low 0.14 0.411 27.0 0.032
Adjusted 35 0.56 0.696 34.0 0.137
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Fig. 9 Flow field of the variable geometry inlet in critical status at Ma, =2.0~3.5

[ | [ I /
/p/p 1 6 11 16 21 26 31 Ma 0.0 051015 20253035

(a) Pressure contours (b) Mach number contours
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Fig. 11 Flow field of inlet before/after adjustment at Ma, =3.5
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