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Abstract  

In order to improve the payload capability, 
reduce the bending moments and make the 
accession to near-space easier, the development 
of a twin-fuselage configuration solar-powered 
UAV is introduced in this paper. The purposes 
of this project are to exercise and evaluate the 
primary functionalities of the crucial 
engineering techniques for future full-scale 
high-altitude long-endurance solar powered 
UAV. Firstly, the impaction of solar cell to 
aerofoil, three-dimensional effect and 
aerodynamic trim are discussed in the 
aerodynamic design process. Secondly, the 
deformational modes of the UAV under statics 
and dynamics pressure are analyzed in the 
structure design process. Thirdly, the 
aerodynamic performance and structural 
stability are demonstrated and validated by 
flight test. The test results show that the works 
in aerodynamic and structural design are 
effective and suitable for conceptual and 
preliminary design of twin-fuselage 
configuration solar-powered aircraft. 

1 Introduction 

Solar-powered high-altitude, long-endurance 
(HALE) aircraft is the most powerful rival to 
low orbit satellite as a much cheaper, closer to 
ground, and greater flexibility platform to 
accomplish the communication, surveillance, 
reconnaissance and environmental research 
missions[1, 2]. It can be expected that their 
developments will have a great impact on both 
military and civil aviation industries[3].  
Although, there were several research centers 
paying great investment and attention to 

develop solar-powered HALE aircrafts all 
around the world in past two decades, numerous 
HALE missions yet ended without becoming 
practical[4, 5]. The primary obstacle that 
prevents the successful design of HALE solar-
powered aircraft is the lack of alternative 
materials with enough strength but lighter to 
take the place of conventional structure, thus, 
the designed aircrafts are always structural 
flexibility, sensitivity to atmospheric conditions 
and low payload capability[6, 7]. In order to 
conquer these problems and make the accession 
to near-space easier, the development of a twin-
fuselage configuration solar-powered UAV is 
introduced in this paper. The main advantage of 
twin fuselage configuration is that the pay load 
can be distributed laterally and axially, in which 
manner the wing and fuselage bending moments 
can be reduced compared to the classical 
configuration. Especially, as range and payload 
increasing, this layout will reduce the wing 
structural weight considerably, or alternative a 
larger wing span can be selected[8].  
However, the design of twin fuselage 
configuration solar-powered aircraft is not a 
simple task, because there is not much 
experience or a database for this aircraft type. 
Consequently, in this paper, we design this 
aircraft from preliminary aerodynamic analysis. 
Because the main difficulty in structure design 
is the uncertainty of the flexible dynamic twist 
moment between fuselages for this kind of 
aircraft[9, 10], so the deformational modes of 
the aircraft under statics and dynamics pressure 
are analyzed. At last, the aerodynamic 
performance and structural stability are 
demonstrated and validated by flight test. The 
test results show that the works in aerodynamic 
and structural design are effective and suitable 
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for conceptual and preliminary design of twin-
fuselage configuration solar-powered aircraft. 

2 Aerodynamic Design 

2.1 Impaction of solar cell to aerofoil  

Because the solar cell is not flexible, so the up 
surface of the aerofoil should be treated as a 
polygonal line connected by several short line 
sections, as shown in Fig.1, the black line is the 
primary aerofoil and the red line is the aerofoil 
with solar cell. This manner also can be seen in 
Zephyr[11] and Heliplat[5]. The aerofoil in our 
aircraft is chosen as E214, the impaction of 
solar cell to aerodynamic of aerofoil is analyzed 
as follows. 

 
Fig. 1 The primary aerofoil  and the aerofoil with 

solar cell 
On the condition of flight altitude h = 20km, 
airspeed V = 30m/s, the length of chord b = 
0.8m, aspect ratio AR = 20, the Reynolds 
Number Re = 150000, and the attack angle  α = 
2o, the pressure nephograms of two aerofoils are 
compared in Fig.2, where, Fig.2-a is the result 
of the primary aerofoil, Fig.2-b is the result of 
the aerofoil with solar cell. It can be seen that 
the pressure distributions of lower-surface are 
basically the same, but the flow field is not 
smooth in the upper-surface when the aerofoil 
with solar cell. The fluctuations of pressure 
coefficient occur at the connections of short line 
sections, and it has smaller influence on 
pressure coefficient when the connection of line 
sections is closer to the after- edge of aerofoil. 
The impaction of solar cell on lift-drag polar of 
aerofoil is shown in Fig.3. It can be seen that, 
the solar cell has little impaction on lift-drag 
polar. It also has little impaction on lift-drag 
ratio, thus, for the design of solar aircraft, the 
aerofoil with solar cell will bring some 
fluctuations of pressure coefficient at the 
connections of short line sections, but just has 
slight impaction on lift-drag polar, so the 

influence of solar cell to aerofoil can be 
neglected. 
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a. The primary aerofoil 
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b. the aerofoil with solar cell 

Fig. 2 Compare of two aerofoils about pressure 
nephograms  
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Fig. 3 The impaction of solar cell in aerofoil on lift-

drag polar 

2.2 Three-dimensional effect of aerofoil 

For the high aspect ratio wing of solar-powered 
UAV, there is just a little difference between 
complete aircraft and 2-D airfoil in lift and drag 
coefficient, so it is reasonable to assume lift and 
drag coefficient of solar-powered UAV can be 
approximated by its 2-D airfoil, but the 3D 
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effect of aerofoil must be considered in the 
design of UAV[12]. 
In order to study the 3D effect of aerofoil, the 
CFD numerical method is taken. The full 
Navier-Stokes equations are discretised and 
numerically integrated based on a finite-volume 
approach. According to accuracy and 
convergence, the computational grid of 3D 
aerofoil is determined, as shown in Fig.4. The 
grid is the C-H pattern, the boundary condition 
is set according to attack angle of aerofoil.  

 
Fig. 4 Computational grid of 3D aerofoil 
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Fig. 5 Lateral distributions of pressure coefficient 

Since the existence of lateral flow in 3D 
aerofoil, it induces that the lateral distributions 
of pressure coefficient are different, as shown in 
Fig.5. Especially, closer the section is to the 
wingtip, greater difference it has on pressure 
coefficient. The reason is that there is the 
pressure difference between the upper and lower 
surface, and the airflow will flow from the 

lower surface to upper surface at the position of 
wingtip. It means that, for the whole wing, the 
contribution of unit wing to the lift is not the 
same. The distribution of lift coefficient on 
lateral aerofoil can be acquired by integrating 
the pressure coefficient in the selected sections, 
as shown in Fig.6, it can be seen that the lift 
coefficient deceases quickly near the wingtip, 
and the equivalent CL in 3D aerofoil is about 
93% of that in 2D aerofoil. 

 
Fig. 6 The distribution of lift coefficient on lateral 

aerofoil 

2.3 Aerodynamic trim 

The analysis of flight dynamics of UAV usually 
begins with a rigid body, so, the aerodynamic 
trim can be firstly done without considering 
about flexible. Here, the trim point of UAV is 
calculated by AVL, and the geometric 
configuration of designed UAV in AVL is 
shown in Fig.7: 

 
Fig. 7 The geometric configuration of designed UAV 

in AVL 
After aerodynamic trim in longitude, the 
parameters of solar-powered UAV are listed in 
Table 1: 
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Table 1 The parameters of solar-powered UAV after 
aerodynamic trim 

Parameters Values 
Setting angle of the wing αw = 2.70° 

Setting angle of the elevator αele = -0.23° 
Lift coefficient CL = 0.80 

Pitch moment coefficient Cm = 1.00E-5 
Position of gravity center 33.33% length of mean 

chord 
Margin of static stability 26.54% length of mean 

chord 

3 Structure Analysis 

3.1 Statics analysis 

For high aspect-ratio solar-powered UAV, the 
wing skin approximates the aerodynamic shape 
and is stiffened by ribs, spars and longitudinal 
stringers[9]. Static aeroelastic effects generate 
significant structural deformation, thus, the 
configuration in flight is significantly different 
from the initial undeformed shape[13]. In order 
to study the structural behavior, the predicted 
aerodynamic pressure from the above fine CFD 
surface grid in Fig.4 is projected on to the 
coarser finite-element structural mesh, as shown 
in Fig.8 

 
Fig. 8 The predicted aerodynamic pressure is 

projected on to the finite-element structural mesh 
Result for the deformation of solar-powered 
UAV is shown in Fig.9: 

 
Fig. 9 The deformation of solar-powered UAV 

Fig.9 shows that the maximum deflection is 
found to occur at the wing tip, and the total tip 
deflection is 20.26 cm. The maximum stress 
along the wing occurs near the fuselage, as 
shown in Fig.10, the maximum stress is 30.22 
MPa. 

 
Fig. 10 Stress distribution along the wing 

3.2 Dynamics analysis 

The aim of dynamics analysis is to find the 
natural frequency of solar-power UAV and the 
main deformed shape of twin fuselage 
configuration.  
The result of dynamics analysis is listed in 
Table 2. From this table, it can be found that, 
the first, second, and third order mode 
frequency are below 4Hz, while the mode 
frequency of wind is always this value, thus, 
twin fuselage configuration is vulnerable to 
wind load. 

Table 2 The result of dynamics analysis 

Order Frequency 

1 0.7607 

2 2.0190 

3 3.6472 

4 4.6381 

 5 5.1235 

6 7.1239 

7 7.1941 

8 9.4971 

9 11.647 

10 15.910 

11 16.236 

12 17.269 

13 17.679 

14 22.529 

Fig.11 shows the deformed shape under the first 
order mode frequency, which indicates that the 
main deformation is in the torsional modes for 
the twin fuselage configuration. Due to the stiff 
non-uniform of wing and large distribution of 
mass, the structure appears to be stiff in bending. 
Consequently, in the designing of twin fuselage 
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configuration UAV, more attention should be 
paid to the ability of torsion strength. 

 
Fig. 11 The deformed shape under the first order 

mode frequency 

4 Performance Test 

4.1 Test Procedure 

After final assembly and system integration, a 
series of ground tests were scheduled to validate 
the aerodynamic and structure performance of a 
1:4 scaled solar-powered UAV. An outdoor 
flight was also performed, as shown in Fig.12. 
The two fuselage configuration solar-powered 
UAV flew for more than 30 minutes, its 
tracking performance in the north-east 
coordinate frame was shown in Fig.13. The 
controller of aircraft was an off-the-shelf 
commercial auto-pilot. The scaled UAV was 
taken off by a ground operator, when the UAV 
arrived at a certain attitude it was transferred to 
be controlled by auto-pilot. The primary 
functionalities of the control system were 
exercised and evaluated, and the performance of 
UAV can be tested by its response of inner and 
outer loop. 

 
Fig. 12 The flight test of scaled UAV 

 
 

 
Fig. 13 Flight path of scaled UAV 

4.2 Response of inner loop 

Fig.14 shows the response of inner loop, it can 
be seen that the inner loop can track the 
command very well when the controller is 
switched to auto-pilot. This indicates that the 
works in aerodynamic trim process is effective. 

 

 
Fig. 14 Response of inner loop 

4.3 Response of outer loop 

Fig.15 shows the response of outer loop, Fig.15-
a is altitude response, Fig.15-b is speed 
response, and Fig.15-c is the heading angle 
response. Fig.15-a and Fig.15-c indicate that 
altitude and heading angle of UAV can basically 
follow the command, whereas Fig14-b suggests 
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speed cannot track command very well. The 
main reason for deviations from the reference 
velocity and degraded tracking performance 
during flight test are caused by the delay of 
airspeed indicator. Another factor influencing 
the outcome of experiments is that flight test is 
conducted in the presence of relative strong 
winds. 

 

 

 
Fig. 15 Response of outer loop 

5 Summary and Conclusion 

The design and performance test of a twin-
fuselage configuration solar-powered UAV is 
introduced in this paper. Several significant 
achievements have been accomplished in this 
project, including impaction analysis of solar 
cell to aerofoil, three-dimensional effect of 
aerofoil, the method of aerodynamic trim, 
statics and dynamics analysis on structure 
design and so on. These engineering techniques 
are crucial for full-scale twin-fuselage 
configuration HALE solar-powered UAV. This 
project is an important practice for more 
advance eternal UAV design. The results in 
aerodynamic design and structure analysis can 
be concluded as follows: 
The aerofoil with solar cell will bring some 
fluctuations of pressure coefficient at the 
connections of short line sections, but just has 
slight impaction on lift-drag polar, so the 
influence of solar cell to aerodynamic of 
aerofoil can be neglected during preliminary 
design process. 
For the whole wing, the contribution of unit 
wing to the lift is not the same, and the lift 
coefficient deceases quickly near the wingtip. 
The equivalent CL in 3D aerofoil is about 93% 
of that in 2D aerofoil. 
For the statics analysis of structure, the 
maximum deflection is found to occur at the 
wing tip, and the total tip deflection is 20.26 cm. 
The maximum stress along the wing occurs near 
the fuselage, the maximum stress is 30.22 MPa. 
For the dynamic analysis of structure, the first, 
second, and third order mode frequency are 
below 4Hz, and the main deformation is in the 
torsional modes for the twin fuselage 
configuration. 
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