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Analysis of the Sensitivity of Hypersonic Cruise Vehicle Airframe
Propulsion System Integrated Design Parameters

LUO Shi-bin LUO Wen-cai WANG Zhen-guo
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China
Abstract An airframe propulsion system integrated design of hypersonic cruise vehicle overall performance analysis model is
set up. The parameter sensitivity of the hypersonic cruise vehicle airframe propulsion system integrated design is discussed. A
new design parameters sensitivity analytical method and a new design parameters region classifying method are presented. Based
on the vehicle performance analysis influence degrees of the design parameters are obtained and the changing region of design
parameters is classified.
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Fig.1 Hypersonic cruise vehicle reference

configuration with baseline values for design parameters
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Fig.2 Schematic of integrated design high-speed
propulsion system for hypersonic cruise vehicle scramjet
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Tab.1 Hypersonic cruise vehicle airframe propulsion system integrated design parameters
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Tab.2 Sensitivity of hypersonic cruise vehicle airframe propulsion system integrated design parameters

1 2 3 4 5 6 7 8 9 10
AGLOW% |—0.933|-0.930|-0.901|—0.896|—0.866|— 0.859| - 0.829| - 0.820| 5.571 |—0.948
Ma g AX % -16.67|-13.33|-10.00| —6.67 | —3.33| 3.33 6.67 10.00 | 13.33 | 16.67

AGLOW% | 4.607 | 3.641 | 2.686 | 1.769 | 0.866 |—0.851|—1.666|—2.466| 3.287 | 2.317

AGLOW% | 0.509 | 0.508 | 0.320 | 0.507 | 0.506 | 0.505 | 0.481 | 0.503 | 0.503 | 0.502

ANnginen AX % —25.00|-20.00|—-15.00| - 10.00| —5.00 | 5.00 10.00 | 15.00 | 20.00 | 25.00

AGLOW:% | —2.329|—1.829|—1.328| - 1.011| - 0.506| 0.508 | 0.994 | 1.505 | 2.017 | 2.531

AGLOW% |—0.018] 0.012 | 0.012 | 0.005 | 0.012 | 0.012 |- 0.020| 0.011 | 0.034 |- 0.021

Angiver AX % -12.50|-10.00| =7.50 | —=5.00 | —2.50 | 2.50 5.00 7.50 10.00 | 12.50

AGLOW% | —0.023| - 0.041|—0.029| - 0.017| - 0.012| 0.012 |- 0.008| 0.003 | 0.037 | 0.016

AGLOW% |—0.006|—0.006|—0.011| 0.018 |- 0.006|— 0.007|—0.012| - 0.007| 0.016 |- 0.007

ANngives AX % -16.67|-13.33|-10.00| —6.67 | —3.33| 3.33 6.67 10.00 | 13.33 | 16.67

AGLOW¢% | 0.011 | 0.005 |—0.001|—0.011| 0.006 |—0.007|—0.018|— 0.025| - 0.009|—0.016

AGLOW% |—0.015|—0.015|-0.015| - 0.015| - 0.015| - 0.015| - 0.015| - 0.015| — 0.015| - 0.015

ANgufier AX % -10.00| —8.00 | —6.00 | —4.00 | —2.00| 2.00 4.00 6.00 8.00 10.00

AGLOW% | 0.075 | 0.060 | 0.045 | 0.030 | 0.015 |—0.015|—0.030|— 0.046|— 0.061|—0.076

AGLOW% | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011 | 0.011

Rem AX % —20.00|-16.00|—12.00| —8.00 | —4.00 | 4.00 8.00 12.00 | 16.00 | 20.00

AGLOW% | —0.057| - 0.045| - 0.034| - 0.023| - 0.011| 0.011 | 0.023 | 0.034 | 0.045 | 0.057

AGLOW% | 0.666 | 0.661 | 0.657 | 0.652 | 0.648 | 0.643 | 0.639 | 0.635 | 0.631 | 0.626

Riore AX % —-5.55|-4.44|-3.33| -2.22|-1.11| 1.11 2.22 3.33 4.44 5.56

AGLOW% | —3.241|—2.593|—1.944| - 1.296| — 0.648| 0.648 | 1.295 | 1.942 | 2.589 | 3.236

AGLOW% | 0.940 | 0.936 | 0.932 | 0.929 | 0.925 | 0.921 | 0.918 | 0.914 | 0.912 | 0.907

R AX % —20.00|-16.00|—12.00| — 8.000| — 4.000| 4.00 8.00 12.00 | 16.00 | 20.00

AGLOW:% | —4.576| - 3.670| —2.760| — 1.845| —0.925| 0.930 | 1.864 | 2.804 | 3.748 | 4.698

AGLOW% |—0.017|-0.017|-0.017| - 0.017| - 0.017| - 0.017| - 0.017| - 0.017| - 0.018| — 0.018

Angeom AX % -10.00| —8.00 | —6.00 | —4.00 | —2.00| 2.00 4.00 6.00 8.00 10.00

AGLOW% | 0.086 | 0.069 | 0.052 | 0.035 | 0.017 |—0.017|—0.035|— 0.052| - 0.070| — 0.087

AGLOW% | 0.048 | 0.048 | 0.048 | 0.048 | 0.048 | 0.048 | 0.047 | 0.047 | 0.047 | 0.047

R, AX % —50.00|—40.00|—30.00|—20.00| - 10.00| 10.00 | 20.00 | 30.00 | 40.00 | 50.00

AGLOW:% | —0.238|—0.191|—0.143| - 0.095| — 0.048| 0.048 | 0.095 | 0.142 | 0.190 | 0.237
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Fig.3 5-Degree region classified for inlet
design Mach number
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