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Figure 1 Schematic diagram of the hysteresis loop method for solving
aerodynamic derivatives.
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Figure 2 Schematic diagram of the ANF missile model.
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Figure 3 Computational grid of the ANF missile model.
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Figure 4 Mach number contours (Ma=4.47).
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Figure 5 Pitch static and dynamic derivatives at different Mach numbers of the ANF missile model. (a) Pitch static derivative; (b) pitch combined

dynamic derivative.
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Figure 6 Computational grid of the HCW aircraft.
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Figure 7 Effect of the inner-iteration step number on aerodynamic
derivatives.
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Figure 8 Effect of the period number on aerodynamic derivatives.
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Figure 9 Hysteresis loops of pitching moment coefficient predicted
by different flow governing equations.
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Table 1 Pitch static and dynamic derivatives predicted by different
flow governing equations
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grids

fiEfnEE . 2T Coarse grid

Medium grid Refined grid

C, —0.0260 -0.0150 -0.0153
AC,, —-5.30% —0.66% -
Cit G —0.2712 —0.1290 —0.1187

A(C e ) 18.81% 1.42% -
i T Cog

—10°~14°FPIRASBEAT B 5. 10 AN R P B X R
WA J R BOR A, I UE IE T B U RoR /AT
wyniack, POMEBURIROR K. EGE TR
M AmEE . sh ALk, Hprrs ks €
ITa R BIRER, BEBAFRIR TSR, )
(S EX

MET0RT EUE H, % T ANFEPHE S, B i /s
FOIRHIAEZ I B0, WHZINEAE RS ST
SER). BARH, RGOS, BRI KSR AMEURE
Ti A —E, #E DL A RRT, BRI BN I
IR RN AN, BT R 3 R AE BN HL
AN T2, TP BA OV IERE, Rl ae>6°)5,
IR PR BRI, ELABUR T 170 IZ i TN 1777 ) Jie e,
RIS B 1T Ao 4L 3 S R R RS K, Rk
7 S AR E VEIRTE 5

MEZT, &% CAT Sk i S B bt T Mo 022
WA EE IR 2%, Dy 7 U WX A A (LA 1 e T A 3R
BB R A B MR S DI OG, RN 4 T

Bl 10 AFSFEEUH RN RECREA. () FOFETEUE; (b) 1IEFHEXMA

Figure 10 Hysteresis loops of the pitching moment coefficient at different average angles of attack. (a) Negative average angles of attack; (b)

positive average angles of attack.
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Figure 11 Effect of the average angle of attack on aerodynamic
derivatives.
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Figure 12 Pressure contours on the longitudinally symmetric planar at
different angles of attack.
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Figure 13 Hysteresis loops of the pitching moment coefficient at
different oscillation frequencies.

Bl 14 RGFEX B S0
Figure 14 Effect of the oscillation frequency on aerodynamic
derivatives.
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B 15 AFIRGIEE T 0 R EOR . (2) DMRG IR, (b) KIRGIRE

Figure 15 Hysteresis loops of the pitching moment coefficient at different oscillation amplitudes. (a) Low oscillation amplitudes; (b) high oscillation

amplitudes.
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5.5 RATHEEREW
AT R PUE TR ENE T, X AT 2RI
R BABORIIR M. N 7RI AT MR

£ 3 AFEHRGMEE T I ARHIE . 355
Table 3 Pitch static and dynamic derivatives predicted by different
oscillation amplitudes

o Cou ACG,, Cut Gy  ACuTC,)
1° —0.0147 - —0.1403 -

2° —0.0148 0.88% —0.1431 2.03%
4° —0.0154 4.62% —0.1692 20.61%

B 16 ANE AT SARECT BN I RBOR A
Figure 16 Hysteresis loops of the pitching moment coefficient at
different flight Mach numbers.
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Bl 17 AT SR s SRR R
Figure 17 Effect of the flight Mach number on aerodynamic
derivatives.
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Figure 18 Hysteresis loops of the pitching moment coefficient at
different flight altitudes.

B 19 AT XS S

Figure 19 Effect of the flight altitude on aerodynamic derivatives.

Bl 20 OB XSS T E R
Figure 20 Effect of the center-of-gravity position on aerodynamic
derivatives.
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Numerical study on longitudinal stability for HCW aircraft based on
aerodynamic derivatives

CHANG SiYuan', TIAN ZhongWei’, LI GuangLi'”, XIAO Yao'” & CUI Kai'"”

" LHD of Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
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? School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

Longitudinal stability is one of the most important aspects related to the handling and stability characteristics, flight safety, and flight
quality of near-space hypersonic vehicles. At present, most research on longitudinal stability characteristics focuses on the
conventional aerodynamic layout with a single-lifting surface. Meanwhile, relevant research on the aerodynamic layout of the new
high-pressure capturing wing (HCW) with a double-lifting surface must be strengthened. In this study, the longitudinal aerodynamic
derivatives for an HCW aircraft were predicted by combining the small-amplitude forced oscillation, unsteady numerical simulation,
and least square methods. Furthermore, the influence of the uncertainties of flight attitude, oscillation parameters, inflow conditions,
and center-of-gravity positions on the longitudinal static and dynamic stability characteristics of the HCW aircraft was examined. The
results indicate that the longitudinal static stability generally exhibits a trend of weakening fluctuations as the average angle of attack
gradually increases from —10° to 14°, while the dynamic stability initially fluctuates slightly and then increases rapidly. Therefore, the
larger the oscillation frequency, the stronger the longitudinal stability, but the overall effect is not evident. When the oscillation
amplitude is lower than 2°, the prediction results of the aerodynamic derivatives are similar. However, at a larger oscillation
amplitude, the hysteresis effect of unsteady aerodynamic forces near the maximum angle of attack is significantly enhanced.
Meanwhile, as the flight Mach number increases, the static and dynamic stability are significantly weakened and become more
sensitive to a smaller flight Mach number. When the flight altitude increases, the static stability gradually weakens, but the dynamic
stability gradually improves, and both become more sensitive to larger flight altitudes. Static stability is greatly influenced mainly by
the change of the center-of-gravity position of the aircraft, while the influence on dynamic stability is quite limited.

high-pressure capturing wing, numerical simulation, longitudinal stability, dynamic stability derivative,
uncertainty
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