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Abstract: Hypersonic vehicles put forward higher requirements for the performance matching of airframe
and engine to achieve a better aerodynamic performance of the vehicle and higher thrust performance of the air-
breathing engine. From the perspective of numerical modeling, this paper summarizes the domestic and interna-
tional research progress on the local integration of forebody/inlet and nozzle/afterbody, as well as the integrated
performance evaluation and optimization. A series of novel design concepts of waverider, inlet, and nozzle are
emphatically introduced. Overall speaking, the current airframe/engine integration focuses more on the integra-
tion of local components and the optimization of local flow fields while less on the integration of all components,
including the engine, and the modeling of the tip—to—tail flow field. In the current airframe/engine integrated mod-
elings, the modelings of internal engine flow path mostly adopt reduced—order models or even treat the engine as

a pure aerodynamic model ignoring the heat addition by combustion. However, the airframe/engine integration
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modeling coupled with high—fidelity engine models is still scarce. With the development of computational technol-

ogy, high—resolution large eddy simulation is expected to be introduced into the airframe/engine integrated model-

ing, and play an essential role in the performance optimization of vehicles.

Key words: Hypersonic vehicle; Scramjet; Integrated design; Waverider; Computational fluid dynam-

ic; Review
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Fig. 1 Integration of two-stage compression osculating cone

waverider and inlet™”

Fig.2 X51 demonstrator with two-stage compression

waverider™
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Scramjet engine booster

Vehicle stack: length: 25 ft
weight: 3925 1bs
Cruiser: length: 14 ft
weight: 1480 Ibs (fuel: 265 Ibs) Flow-through
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Max body width: 23 inches
Engine flow-path width: 9 inches

Fig.3 Wedge derived waverider X-51A with integrated

scramjet™
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Fig. 4 Integration of osculating curved cone waverider with

inlet™
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Fig. 5 Numerical analysis of dual waverider

Fig. 6 Hypersonic vehicle by rotating and assembling two

waveriders'*'
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Fig. 7 Integration of lateral inlets with airframe'*”
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Fig. 9 Schematic diagram of shock attachment on a full-

waverider vehicle®
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Fig. 10 Hypersonic vehicle integrating an inward turning

inlet and a three-dimensional asymmetric nozzle™'
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Fig. 11 Mach number contour of three-dimensional
asymmetric nozzle with an elliptical-to-rectangular shape
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Fig. 13 External and internal flows of HIFiRE-6""
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Fig. 15 Tip-to-Tail modeling of a hypersonic vehicle

cursing at Mach number 6.2/

e PR R TR R Y K R AT AR A R BAIL Y R AL
o R BB L T AR 3 Ak i — A Tk 8 B
{EL 53 A7 T 3B 43 B AR KU R 56 30 & AT K, S 4
ZHRENMMRGE T . B, 5T HERENZ¥
BHfEUE 2 7 T2 AL MDA, 3% & A R RS T T 3900
Tl J6B 49K b R & S ML) 42 Y 3 L 120 F 2k <038 1 99 F bl
PRI WL G T 2 05 B0 B Cln &L 16 B ) | 3k 15
T RAT AR B EREAR 39% HESE R L E AT 42% , A5
AL 23% , 7 ¥ B0 R R R 16% 11 B AR
RO JREIR T R AR ELBUE A SRR A E
PNIVA iR W

B R RS I AT 45 11531 R I i 20 0 e O 2L i
TR BE S W ALY Y R, KRB (LES) 45 = i bt
JEE A AU Y 3% 8 1N 4 RS R R o R R S L I 9 Ak
T — PRALHE A L s NASA 24 7 19 CFD 2030
A S BRI K B R B ML A RSE AT R R AR
LB R CFD u& £ i P (9 DU A 3K Pk 5 ) 8 2
O A I R M BB T AR ) 7E 2030 4F AT A
F 3x10"(3 TALAZIK) o FE R IO 3 1 T 53 % Jie (1
FEAE - 48 AR DA R LA B R R AR FH
1 WE IR i R 4% 25 AT 2% 4 AR ik — TR ) 1Y
EEER, WERECFD KB EE M2 —,

4 REHRDE

TE i 2 19 60 4F L, [ N A1 B 0F 5 485 MR A /iR <
T8 AR ALK S LA B L R WA /I A A B A LA
D7 I T O i i A Rk — A BT

Fig. 16 Numerical analysis of Boeing's hypersonic vehicle

for shape optimization""
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