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Abstract: Tilting wing aircraft not only has the ability of vertical take-off and landing like helicopter, but also be
provided with high speed cruise capability as traditional fixed-wing aircraft. Tilting wing aircraft is one of the
hot spots of research in both military and civilian unmanned aerial vehicles. A new layout, tilt-tandem wing and
quadrotor of vertical take-off and landing(VTOL) aircraft, is proposed to avoid the defects of low aerodynamic
efficiency and complicated tilting mechanism. Conceptual design and aerodynamics simulation are carried out to
analyze the aerodynamic characteristics of aircraft with the interference of propellers. Further more, prototypes
are made and experienced several flight tests validation. Results show that this layout can avoid the disadvanta-
ges of low efficiency propellers and complicated tilting mechanism, which is reliable and practical.
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Fig. 1 Flight simulation for quad-rotor

tandem tilting wing aircraft
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Fig. 2 Diagram for the front wing and rear wing

variables for tandem tilting wing layout
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Table 1  Design parameter for the front wing and rear wing

E I [IENE=E
ZHWH S/m? 0.8
JEZ I A 10
HEARLL A 1
(G /T L) /m 0.282
eI A NACA4415
KA L/m 0.565 7
T E MR H/m 0.084 5
HEM D/ 0
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Fig. 3 Unconstructed grid for aeroplane containing propeller
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Fig. 4 Two flow field grids
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Fig. 5 Rotation field and farfield interaction
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Table 2 Rotation axis as wing tilting 30°

UBLJE 4 44 Bk 3074845 5 /mm
o x0 (—362.134,510,126.943)
A B ATH neil
x1 (—292.852,510,86.943)
o Zo (—292.852,—510,126.943)
LB ATH nei2
x1 (—362.134,—510,86.943)
x0 (480.384,1110,44.624)
FHJ5FIE nei3
x (411.102,1110,84.624)
xo (411.102,—1110,44.624)
LG 3 neid
X1 (480.384,—1110,84.624)
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Table 3 Calculation on transition stage for

wuad-rotor tandem tilting wing aircraft

A/ ) B REE/ (km » h™ D) BRI/ rpm

0 72.0 0.3 000,5 000,7 000
30 45.0 0.3 000,5 000.,7 000
60 25.2 0.3 000,5 000,7 000
90 18.0 0.3 000,5 000.,7 000
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Fig. 6 Pressure nephogram for hovering

stage in x= —230 mm
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Fig. 7 Streamline on the plane y=—1 000 mm for
tilting 30° ,RPM=7 000 r/min
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Fig. 8 Comparison diagram for two

planes as wing tilting 60°
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Fig. 9 Streamline on the plane x=—340 mm for

cruise stage RPM=6 000 r/min
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Table 4 The force for x direction and 2 direction for four propellers on tilting 30°

71 /N
i/
(remin 1) i < i
fa S fa3 St fa [ [ S
7 000 60. 280 60. 260 63.420 58. 700 33.000 33.000 33.000 32.760
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3000 4,959 4,930 5.616 5.625 3.272 3,267 4,048 4,252
f 100 SHEE0 o §EE3000
3.2 EHABEESH wl +i&é—'ig.é_‘sooo :r'%iimoo
AN TRV R A AT AR A T CBH T B ~ sl
10 fif %, 0] LA 2 0°. 30° 1 60° = AN (1 5% iy B 2 Lol
R 0 B A BLT I T AL T ) i
{9t J750° 30°60° I 00° I A~ HL I I % 4 i T 82 ™ N
HESEAE N O A9 A DUBEL -0/ T 3 A B C e
B SR S5 0 e T 1 2 BT 0K WL .
R FE R O - ERE 2 A e A5 L3R b B0 A RO
B 10 R[] 55 T A CAT RS 10 FHBE % L &

G308/ R N e R R A BE AL A R T R Bh
i

250

sHE0 O 3000
200 5000 - 337000
150F S
Z §§
= 100F
N g§
2001
ok R -\
-50 )
0 30 60 90
Wi f BE/ ()
(a) F+I%F L

Fig. 10 Lift and drag in four flight attitude as a
function of RPM
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Fig. 11 Variation curve tension in four flight

attitude as a function of RPM
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Fig. 12 Scale model for testing and flight
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