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Investigation of a variable geometry scramjet inlet with a rotating
cowl operating in a large’Mach number range

JIN Zhrguang, ZHANG Kunryuan

(College of -Energy and-Power Engineeringy
Nanjing University of Aeronautics and~Astronautics, Nanjing 210016, China)

Abstract: A simple variable geometry scramjet inlet with a rotating cowl operating in a
large Mach number range from 4 to 7was designed. During the inlet design, one dimensional
flow theory was ‘used to distribute the internal and external compressions. The inlet self
starting characteristics at Ma="4 and the global performance at different incoming Mach
numbers were studied /by means of numerical simulations. Results indicate: (1) Inlet’ s self
start can be\realized successfully at Ma= 4 under the help of the boundary layer diverter
placed at the entrance of the cowl section. (2) Variable geometry inlet achieves a mass cap
ture ratio of 70 percent at the starting M ach number, which is very favorable to the accelera
tion of the hypersonic vehicles. (3) Global performance parameters of the variable geometry
inlet are greatly increased in the whole operating range compared with the fixed geometry inlet.

(4) Position of the cowl rotation axis has a great effect on the inlet self starting characteristic.
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Fig. 1 Schematic of the X 43A variable geometry inlet

with a rotating cowl"™
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Fig. 2 Schematic of the variable geometry inlet

with a translating cow 'Y
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Fig.3 Schematic of the variable geometry scramjet inlet with a rotating cowl
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( q= 64.2KkPa)
Table 1  Flight conditions ( dynamic pressure g= 64. 2 kPa)

/ / /
/K /K
km Pa M Pa
Ma= 4 19. 78 5736 0.87 216.7 910.1
Ma= 5 22. 65 3670 1.94 219.2 1315.2
Ma= 6 25.0 2549 4.02 221.6 1817.1
Ma= 17 27.0 180 7.78 223.5 2414.2
3
3.1
4 5
100 15 Ma= 4
6:49 2.12 \5.82\ 1.426.
Ma= 4
Ma | [N | |

0.05 0.39 0.72 1.06 1.39 1.73 2.07 2.40 2.74 3.08 3.41 3.75

Ma= 4
Fig. 4 Unstarted flow field with the cowl rotated 10

at Ma= 4 without a boundary layer diverter
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0.05 0.39 0.73 1.06 1.40 1.73 2.07 2.41 2.74 3.08 3.41 3.75

Ma= 4
Fig. 5 Unstarted flow field with the cowl rotated 15

at Ma= 4 without a boundary layer diverter
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Fig. 6 Flow field after started with the cowl rotated 14° Fig. 9 Flow field failed in the self starting with

at Ma= 3 with a boundary layer diverter the cowl rotated 19 at Ma= 4 with
aboundary layer diverter
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Fig. 7 Flow field failed in the self starting with 10~ 13 10.7,
the cowl rotated 14° at Ma= 4 with 3. 80, 1157
a boundary layer diverter
8 9 15, Ma= 3.5 ,

1.148 19°,
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Fig. 10 Unstarted initial flow field at Ma= 3 with ,
the cowl rotation axis backw ard moved Ma= 4 ,
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11 Ma= 3.5
Fig. 11 Inlet self starting progress at

the cowl rotation axis b ard m
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Fig. 12 Inlet self starting progress at Ma= 3.5 with 14 Ma= 4
the cowl rotation axis backward moved (2) Fig. 14  Flow field of the variable geometry

inlet at Ma= 4
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15 Ma= 5
13 Ma= 3.5 (3) Fig. 15 Flow field of the variable geometry
Fig. 13 Inlet self starting progress at Ma= 3.5 with inlet at Ma= 5

the cowl rotation axis backward moved (3)
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Fig. 16  Flow field of the variable geometry

inlet at Ma= 6 4 Ma= 8
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0.07 0.64 1.21 1.78 2.34 2.91 3.48 4.05 4.62 5.18 5.75 6.32 6.89 0.7
Ma= 4~ 8(9).
[3] Ma= 4~ 6
17 Ma= 7 ,Ma= 4 s
Fig. 17 Flow field of the variable geometry 21.7% ,
inlet at Ma= 7 27.9%; Ma= 6 4 1. 1%,
36. 2% ; Ma= /1
, 2 07505,
, Ma= 17
, 1. 0; ,
2 Ma=-4,5, 6,7

Table 2 Performance parameters\of the variable-geometry scramjet inlet under different incoming Mach numbers

Ma= 4

/%
Ma= 4 0. 701 0.750 1.71 21.6 3.86
Ma=5 0. 791 0.670 2.34 23.8 2.85
Ma= 6 0. 883 0.565 2.71 30.6 2.13
Ma=17 0. 983 0.505 3.07 38.4 1.74
0.7
4
Ma= 4~ 8(9).
X-43A 2) ,
Ma= 4~ 17 s
) ) M a= 4‘ O 7
1) 3)
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