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Dynamic derivative analysis for hybrid airship
incorporating lift and buoyancy

MA Dong-li, YE Chuan
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Abstract; Translational and rotational acceleration derivatives of sphere and ellipsoid
were calculated, and pitch oscillation of the NACAO0O015 airfoil was simulated. The applica-
bility of computational fluid dynamics (CFD) method was validated. Forced oscillation of
hybrid airship incorporating lift and buoyancy was simulated. The dynamic derivatives of
whole airship, wing, hull, horizontal tail and vertical tail were obtained. The results were
compared with those of conventional airship. The heave and roll velocity derivatives are
much larger than those of conventional airship due to the contribution of wing. The viscous
force and the interference of wing on hull and tail are important for the acceleration deriva-
tives in the heave, roll and pitch directions. Consequently, the acceleration derivatives can

not be simplified as additional mass coefficients.
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Fig. 2 Lagging curve of NACA0015 airfoil
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Table 1 Ellipsoid acceleration derivatives
/%
X, —0.1221 —0.1220 0.08
y 3
Y, —0.7928 —0.8030 —1.27
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Fig. 5 Lift coefficients of different parts changing

with time during heaving
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Table 2 Comparison of velocity derivatives of

hybrid and conventional airships

3.2
/%

X, —0.005906 —0. 008200 138. 84

Y, —0.118674 —0.121109 102. 05 ’

Z., —0.118665 —0.585562 493. 46

L, —0.000862 —0.016751 1943. 27 )

M, —0.017384 —0.015202 87. 45 ’ ’

N, —0.017302 —0.017344 100. 24
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Table 3 Comparison of acceleration derivatives of
hybrid and conventional airships 0.
0,
, 1=22.5s
/%

X, —0.005594 —0.006042 108.01 ,

Y —0.056765 —0.054200 95. 48 ’

Z, —0.055910 —0.017838 31.90

L —0.000055 —0.000762 1385. 45

M, —0.001198 —0.001850 154. 42 , 7

N —0.001166 —0.001307 112.16 1=22.5%
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Fig. 8 Sketch of wing pitching about y axis
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