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Performance evaluation method of high Mach number
aircraft/engine integration design
CHEN Xuan-liang, ZENG Jun, LI Gang—tuan, CAO Ming—dong
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The performance evaluation of high Mach number aircraft/engine integrated design was carried
out. Segmenting contrail and taking average speed into account, in the mean time, by using integration meth-
od, the changing law of percentage of parts of engine and fuel system varies with acceleration under differ-
ent thrust to weight ratio and specific impulse. The investigation results show that the mean acceleration
speed between 0.15g and 0.20g would be better for wave rider aircraft when it needs to reach Mach 6. If the
mean acceleration speed is more than 0.20g, the fuel mass fraction will increase as acceleration speed in-
creases under the same cruise speed and range. If the mean acceleration speed is smaller than 0.05g, the fly-
ing range would be much shorter and acceleration time would be longer, furthermore, the fuel consumption
would be much bigger during acceleration. The performance evaluation method proposed and investigation
results provide reference for high Mach number aircraft/engine integration design.
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Table 1 Aircraft parts mass fraction
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Z P EE 0.45 ~ 0.60 0.41 ~0.54 0.37 ~0.42
ORI BT A LY 0.21~0.33 0.17~0.33 0.40 ~ 0.62
AR L 0.21~0.28 0.18 ~0.37 0.14 ~0.19
HLE A7/ (kg/m’) 262 ~ 467 315 ~ 544 447 ~516
A 0.65~1.29 0.56 ~0.88 0.26 ~ 0.40
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Fig.1 Aircraft empty mass rate vs. take—off weight
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Table 2 Aircraft fuel and engine mass fraction

WL T kg K+ ) B 8
SR-71 77 000 0.513

A320 73 500 0.498

B737 65 090 0.484
CRJ-100 21523 0.465
ARJ-21 40 500 0.506

E-190 47 790 0.508

A-310 142 000 0.497

B-777 229 575 0.486
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Fig.2 Typical specific impulse of turbine and ramjet
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Fig.3 Typical lifi—drag ratio of high Mach number aircraft
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Fig.5 Constant pressure climbing
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Table 3 Equal heat flux initialization
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Fig.7 Mass fraction varies from thrust—weight ratio of 6
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Fig.8 Mass fraction varies from different thrust—weight ratio
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