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[ Abstract ]

large-load transportation, it has gradually become a research hotspot at home and abroad. In order to improve the transportation effi-

With the development of global trade, buoyancy-lifting hybrid airship is an important choice for global long-distance and

ciency of buoyancy-lifting hybrid airship, its layout and parameter sensitivity were studied. Discussions were conducted on the hull lay-
out and tail wing layout, and several types of hull and tail wing layouts with high lift to drag ratios were proposed. At the same time, a
sensitivity analysis was conducted on the impact of design parameters on aerodynamic characteristics. The results indicate that the width
of the hull has the most significant impact on the lift coefficient, drag coefficient, and maximum lift to drag ratio of airships. Its relative
sensitivity coefficient is nearly ten times that of the longitudinal position and inclination angle of the tail wing. The inclination angle of
the tail wing has the strongest impact on the torque coefficient of the airship, and its relative sensitivity coefficient is more than twice
the width of the hull.

[ Keywords] hbuoyancy-lifting; layout; design parameters; sensitivity
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Table 1 Maximum lift-drag ratio of each hull layout
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Table 2 Maximum lift-drag ratio for each tail layout
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B4 59 .62 .68 .71 m 1) 4 LA EFRL S BheikTT x5 M HRRIRARBER (HXHE)
BARIAIRIS S R NFE 3 ~ 26 TN, Table 5 T1 layout series wind-tunnel testing

ﬂﬁ%_lzj X REA R T2 A 6 firs , T’f:{%iﬂfﬁﬁ results (absolute value)
SO ERBEONER LA 35 At e AR GG G WD
HURRSIUARS 5 55 JE 55 R B T W BEITAEHE 62 012 0041  -0.02 416
DL 3 m i) e R ARG S S R SR 65 0.148  0.0381  -0.073  3.88
FRAZINEE S35k 47,10 13 m [ 4 41 RAEA A X 68 0.15  0.0343  -0.073  4.46
SRR IR A3 7 ~ 3 10 FOR, 7 0I% 00M6 -00M 490

x6 TIHBRIIMEXESESR (HIE)
Table 6 T1 layout series wind-tunnel testing

results (relative value)

T 5 A/ %
FHXFEL % C, Cp Cy L/D
-9.23 -8.78 -0.52 -1.39 -8.30
-4.62 -4.05 -10.50 -0.85 7.20
0.00 0.00 0.00 0.00 0.00
(TR 4.62 3.38 -9.97 0.32 14.83
9.23 7.43 -9.19 1.38 18.30

®71 T2HBRISHHEER (HIHE)
Table 7 T2 layout series 1 aerodynamic calculation
results ( absolute value)

E%‘:l—ﬁﬂﬁ% C,. (o Cy L/D
J& 28]/ m
1 0.206 0.034 3 -0.087 6.01
4 0.200 0.034 1 -0.084 5.86
7 0. 196 0.0339 -0.081 5.77
t 10 0.192 0.033 8 -0.079 5.68
(O)T AR IR AL 13 0.188 0.033 6 -0.077 5.62

K5 i fi)s T1
Fig. 5 Hull layout T1

£3 TIHBRIISHITELR (EXE)
Table 3 T1 layout series aerodynamic calculation

results ( absolute value)

AL YEE /m C, Gy Cy L/D
59 0.132  0.0369  -0.074  3.58
62 0.13  0.0331  -0.074  4.21
65 0.144 00368  -0.075  3.91
68 0.1499  0.0331  -0.075  4.50 (@) T2 S
71 0.15  0.0334  -0.076  4.63

®4 TIHBRERIISHTEER (BXE)
Table 4 T1 layout series aerodynamic calculation

results (relative value)

AL B T A/ %
FAXFHE/ % C, C, Cy /D
-9.23 -8.33 0.27 -1.34 -8.44
—4.62 ~3.47  —-10.05 ~0.80 7.67 P s————
0.00 0.00 0.00 0.00 0.00
4.62 3.47  -10.05 0.27 15.09 Fe6 a5 XEREMMNT2
9.23 7.64 -9.24 1.34 18.41 Fig. 6 Hull with X-tail layout T2
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®8 T2HBARI1[HHEER(EXE)
Table 8 T2 layout series 1 aerodynamic calculation

results ( relative value)

R11 T2HBERI2EHTELER(LEXE)

Table 11 T2 layout series 2 aerodynamic calculation

results (absolute value)

R 555 % A/ % iRtf/ () Cy, Gy Cy LD
(] FEAHXFE/ % C, Cp Cy L/D 25 0.194 0.0332 -0.081 5.83
-85.71 5.10 1.18 6.89 4.16 30 0.197 0.0330 -0.083 5.97
-42.86 2.04 0.59 3.57 1.56 35 0.206 0.0343 -0.087 6.01
0.00 0.00 0.00 0.00 0.00 40 0.188 0.0331 -0.080 5.66
42.86 -2.04 -0.30 -2.58 -1.56 45 0.178 0.0350 -0.076 5.08

85.71 -4.08 -0.89 -5.90 -2.60

x12 T2HRBRRY 2 SHTELER (HENE)

x99 T2HBERY1KEIKKEER(ABIHE)
Table 9 T2 layout series 1 wind-tunnel testing

results ( absolute value)

%%Qﬂﬁﬁ L Cy Cy L/D
JE G M /m

0.208 0.0353 -0.085 5.89

0.203 0.0352 -0.082 5.77

7 0.194 0.034 9 -0.079 5.56

10 0.189 0.034 8 -0.077 5.43

13 0.185 0.034 5 -0.075 5.36

R10 T2HEAEZREY 1 KRGS R (HEXTE)

Table 10 T2 layout series 1 wind-tunnel testing

results ( relative value)

Table 12 T2 layout series 2 aerodynamic calculation
results ( relative value)
At ALH/ %

AXHE % C, Cp Cy L/D
-28.57 -5.83 -3.21 -6.56 -3.00
-14.29 -4.37 -3.79 -5.06 -0.67

0.00 0.00 0.00 0.00 0.00

14.29 -8.74 -3.50 -8.06 -5.824

28.57 -13.59 2.04 -12.67 -15.47
K13 T2HRBET 2 RAKIELEE R (4E3HE)

Table 13 T2 layout series 2 wind-tunnel testing results

( absolute value)

RIS A/ %
x| AR % C, Cp Cy L/D
-85.71 7.22 1.15 7.59 6.00
-42.86 4.64 0.86 3.80 3.75
0.00 0.00 0.00 0.00 0.00
42.86 -2.58 -0.29 -2.53 -2.30
85.71 -4.64 -1.15 -5.06 -3.53

s/ (°) Cr Cy Cy L/D
25 0.196 0.034 2 -0.079 5.73
30 0.199 0.034 1 —-0.081 5.84
35 0.209 0.0352 -0.085 5.94
40 0.191 0.034 2 -0.079 5.58
45 0.181 0.036 1 -0.074 5.01

F14 T2HRERY 2 REIREESR (EXHE)
Table 14 T2 layout series 2 wind-tunnel testing
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R £ AR %

AHXHE/ % C, Cy Cy L/D
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xR15 RITSHNSIFESEEME
Table 15 Influence of design parameters on

aerodynamic characteristics

R AR R %
CL CD CM L/D
B T 83.74 139.45 13.50 202.96
AR FG 7 5.12 1.15 7.35 3.81
FEEARHA 39.95 17.38 39.81 27.55
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Fig. 7 Sensitivity analysis diagram of design parameters
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