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Research on elastic deformable geometry of hypersonic inlet

with multiple forces

YANG Shun-kai, ZHANG Kun-yuan, WANG Lei, LI Yong-zhou

(Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Since 2-D hypersonic inlet should work with Mach numer ranging from 4. 5 to
6.0, an elastically deformable scheme of inlet’s compression surface with multiple forces was
explored in this work. With numerical computation, the optimal number of forces was firstly
studied. The results showed that three forces were more effective in elastic deformation.
Then the inlet deformation with the three forces was analyzed by the method of fluid-struc-
ture interaction (FSI). The results indicated that the distribution of static pressure on the
deformable compression surface was almost consistent with that on the ideal surface. The re-
sults of performance analysis demonstrated that the flow coefficient of the 2-D inlet designed
at Mach numer is 6. 0 could reach 0. 98 at Mach numer is 4. 5 and 1. 00 at Mach numer is 5. 0
after deformation. Furthermore, the total pressure at exit section just remained unchanged
compared with fixed geometry inlet. These indicate that the elastically deformable scheme of
2-D inlet with multiple forces is feasible, and also helpful to improve the inlet’s characteris-

tics at off-design points.

Key words: multiple forces; hypersonic inlet; elastic deformable geometry;

large Mach number range; fluid-structure interaction (FSI)
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Fig.1 Primary conception of 2-D inlet with elastic deformable compression surface
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at three Mach numbers
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Table 1 Number and position of pneumatic pistons

R

B YE AL
1 x=290mm (B &)
2 x=220mm (A i), 2=360mm (C i)
; 2=220mm (A ), x=360mm (C ),

2=500mm (D &)
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Table 2y displacement of four points on each Mach

theory molded surface relative to that of

initial molded surface

Ma Ax/mm Ap/mm Ac/mm Ap/mm
4.5 —8.71 —10. 64 —10. 43 —4. 60
5.0 —6.18 —7.07 —6.62 —2.41
6.0 0 0 0 0
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surfaces and theory molded surfaces
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Table 3 Optimization results of displacement deformation

at each Mach number

Ma YEF HFr &/ mm  f/(N/mm)

A 0 1. 38
6.0 C 0 2.70

D 0 4.07

A —6.18 0.97
5.0 C —6.62 1.03

D —2.41 3.93

A —8.71 0.23
4.5 C —10. 43 1. 13

D —4. 60 4.13
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Table 4 List of incoming flow condition

I A KA/ Pa L L/ K
4.5 4531 217.9
5.0 3670 219. 2
6.0 2549 221.6
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Fig. 5 Pressure distribution at 80~500 mm compared

deformable surface to theory surface

at each Mach number
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to theory surface at different Mach numbers
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