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Sensitivity analysis and optimization design of basic flowfield
with controllable Mach number distribution

LI Yongzhou, ZHANG Kun-yuan, WANG Lei, NAN Xiang-jun

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The sensitivity analysis of the design parameters of axisymmetric basic flowfield was
performed using the software Isight, and the design parameters’ effect on the overall performance
was obtained, which shows that the leading edge compression angle and coefficient ¢ affect most.
The overall performance of the optimized basic flowfield was improved by optimization of three ob-
jectives of the polynomial response surface at design point. The hypersonic inward turning inlet
with circular shape intake was designed based on the optimized basic flowfield. The numerical sim-
ulation results from when Mach number are 4 ~7 indicate that the inlet has relatively good mass
capture ratio and compression efficiency, total pressure recovery coefficients are 0. 581 and 0. 513,
and pressure ratios are 20, 01 and 24. 73 when Mach number are 6 and 7 respectively; the flow coef-
ficient is 0. 880 at the relay point of Mach number is 4, which verifies the feasibility of the optimiza-

tion method.
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Table 1 Design parameters of axisymmetric

basic flowfield
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Fig.1 Mach number distribution and pressure rise

law of basic flowfield

1.1
a,b c
’ 3 a
a>4  JR. Ry 5 a>3 o



a 9P/po 7L Mac
, a>4 . Ma (
D.a>1 x 1/a,
’ ’
P/Po Rct 'O . a ’
’
Ma RN I I | | .
1.0 249 296 343 396 433 485 532 572
0.8
3:"- 0.6
= 04

0 05 1.0 1.5 20 25 3.0‘ 35 40 45 50
¥R,
2

Fig. 2 Mach contours of axisymmetric

basic flowfield
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Table 2 Error square of design parameters Fluent ) 3
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Table 3 Overall performance parameters of two kinds

of basic flowfield
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Table 5 Performance parameters at entrance and exit of the isolator at different incoming Mach numbers
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