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Numerical simulation of the wind device for manned agricultural aircraft
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Abstract: In order to reduce the energy consumption of an agricultural aircraft, a kind of pneumatic and energy storage system
was designed to drive the aircraft operation, including pneumatic device, compressed air device and energy storage device. As
the prime mover of the whole system, the pneumatic device rotates under the action of high-speed wind energy generated
during aircraft flight to drive the compressor to work and convert mechanical energy into compressed air energy, and the energy
storage device is used to store residual energy. Different installation positions of the pneumatic device have different degrees
of influence on the flight flow field. In order to determine the best installation position of the wind device on the manned
agricultural aircraft, a certain type of agricultural aircraft was used as an example, and the appearance model of the aircraft was
designed. The pneumatic device was installed in front of the wing, behind the wing and under the wing for analysis, so as to
obtain the best installation position. At the best position, the variation law of output torque of pneumatic impeller under
different wind speed conditions was investigated. The results show that the installation of the wind device in front of the wing
has the least impact on the aircraft and the pneumatic impeller, and the output torque of the pneumatic impeller is directly
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related to the aircraft wind speed, angle of attack and flight speed.

It decreases with the increase of the angle of attack at 0, 6

and 12 angles of attack, and increases with the increase of the wind speed at 40 m/s, 50 m/s and 60 m/s.
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1 Introduction

At present, the power of manned agricultural aircraft and its
operating system is provided by its own engine consumption of oil
or natural gas and other non-renewable energy, when tens to
hundreds of tons of aircraft fly in the air, the fuel consumption per
hour will reach several tons or even ten tons, and the energy
consumption is huge. With the increasingly tight supply of
aviation gasoline, new requirements are put forward for the energy
consumption of aircraft, which highlights the importance of
reducing the energy consumption of agricultural aircraft.

During the flight, the speed of the aircraft can reach 250-
300 km/h™, which generates considerable wind energy. Making
full use of this part of wind energy is conducive to improving the
energy utilization efficiency of the aircraft. For the research on
the utilization of wind energy on the aircraft, domestic and foreign
scholars have made beneficial attempts and explorations: Italy of
Augusta westland company invented a technique called “Project
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Zero” new electric tilting rotor technology demonstration aircraft,
this invention abandons the hydraulic system on ordinary aircraft
and uses an electric motor powered by rechargeable batteries to
provide power for the aircraft, the electric energy of the battery is
generated by the high-speed rotation of the aircraft's rotor in the
wind, making the greatest use of the wind energy generated by
flight®¥].  In 2017, Xsens in the Netherlands developed a mooring
unmanned aircraft (UAV) that uses wind energy as the original
power generation at higher altitudes™®. The UAV connects the
fuselage and the generator on the ground with a mooring rope.
When the aircraft flies up autonomously under the action of wind,
the mooring rope drives the generator to generate electricity.
When the flight exceeds the length of the tether, the aircraft will
automatically descend and make the tether rewind, and then rise
again after rewind. In this way, the round-trip can continuously
generate electricity with the help of wind energy. Tang
Wenchuan® from AVIC Tongfei Research Institute limited
company, analyzed the pneumatic pump from the technical origin,
technical principle, technical advantages and characteristics,
applications, limitations and other dimensions, and concluded
that the pneumatic pump technology can be used in a wide range
of aircraft, which made a beneficial exploration for the
application of pneumatic technology. Li Lin(" of Beijing
University of Aeronautics and Astronautics analyzed and
calculated the basic structural parameters of the centrifugal fan of
the helicopter cooling system according to the flight conditions of
the helicopter and the working environment of the centrifugal fan.
According to the *“controllable vortex” design theory, she
aerodynamic designed the rotary surface profile of the centrifugal
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fan, and put forward the universal design program of the
centrifugal fan, the fan efficiency is effectively improved while
simplifying the design process.

Power system using wind energy to drive operation on aircraft,
the key component is the pneumatic device. The pneumatic
device can rotate at high speed under the action of the wind energy
generated by the flight, drive the compressor to work, and convert
mechanical energy into compressed air energy. However, there is
also a pneumatic influence between the air device and the aircraft,
which reduces the utilization efficiency of the air device. In this
paper, the influence law of the installation position of the air device
on the agricultural aircraft and itself and the research of the air
device under different wind speeds are analyzed to reduce the
aerodynamic interference between the agricultural aircraft and the
air device.

2 Force analysis of agricultural aircraft

2.1 Modeling of agricultural aircraft

In order to study the interaction law of aerodynamic
performance between the aircraft and the wind device, a certain
type of agricultural aircraft was selected as the research object.
NACA4415 was used for the wing, the installation angle of the
wing was —2.87°, and NACA0012 was used for the vertical tail and
flat tail airfoil. The specific design parameters are shown in Table
1.

Table 1 Design parameters of manned agricultural aircraft

Design project Project Parameters

The wing chord length 1.94m
Long wings show 14.97m
Flat tail span 493 m
Flat tail chord length 1.11m
Vertical tail span 1.54m
Vertical tail root chord length 1.73m
Vertical tail tip chord length 0.82m
Reference area 31.7m?

For the convenience of research, the influence of aircraft
propeller slipflow is ignored, and the propeller and its accessories
are omitted. According to the structure and design parameters of
the aircraft, reverse engineering is used to obtain the appearance of
the aircraft in SolidWorks, as shown in Figure 1.

Figure 1 Three-dimensional model of agricultural aircraft

2.2 Aircraft stress analysis

The aircraft is regarded as a rigid body, and its forces during
flight are shown in Figure 2, which mainly include the gravity of
the aircraft itself G, the thrust of the engine T, the lift force
perpendicular to the velocity direction L, the drag force parallel to
the velocity direction D, the side force perpendicular to the flight
plane of the aircraft C, and the forces of the landing gear and the

ground during take-off and landing.  Lift force L, drag force D and
side force C are collectively referred to as aerodynamics of the
aircraftt®l,

Figure 2 Aircraft flight stress map
The core of aerodynamic analysis of aircraft is to solve the

aerodynamic coefficient of aircraft. The relationship between
aerodynamic coefficient and aerodynamic force (lift force L, drag
force D, side force C) can be expressed in Equations (1), (2) and (3)
respectively.

L= %CLSpVZ (1)
1 2

D= ECDSpv )
1 2

C= ECCSpv 3)

where, C; is the lift coefficient; Cj, is the drag coefficient; Cc is the
lateral force coefficient, and S is the aircraft reference area.
2.3 Structural design of pneumatic device

The role of the pneumatic device in the wind-energy storage
system is to make full use of the high-speed wind energy generated
during the flight of agricultural aircraft, and drive the compressor
to compress the air for energy storage.  As the prime mover of the
whole system, the form and parameters of the impeller blades will
have an important impact on the system. Assuming that the wind
speed is 40 m/s and the design power is 3.5 kW, the aerodynamic
shape of the blade is designed to determine the basic aerodynamic
parameters of the blade, including blade radius, blade number,
selection of airfoil, chord length, installation angle, tip speed ratio
and so on.
2.3.1 Blade radius

The blade radius is generally determined by Equation (4):

[ 2P
R= |—— 4
7npCely

where, R is the blade radius; P is the output power of wind turbine;
n is the efficiency of the entire wind energy utilization system, and
the value is 0.85; p is air density, the value is 1.225 kg/m®; C,isthe
utilization coefficient of wind energy, the initial value is 0.41
according to the design experience, and the actual size is obtained
according to the actual output power of the blade; 7} is the working
wind speed.

The blade radius was calculated to be 0.29 m. Considering
the accuracy of installation and machining, the radius was set to
0.3m.

2.3.2  Number of blades and tip speed ratio

The sharp speed ratio is generally determined by wind turbine
type, blade number and other parameters®®®. The number of
blades with high wind speed corresponds to the range of sharp
speed ratio of 6-8, which can better capture wind energy. So the
sharp speed ratio designed in this paper is 7. According to Table
2, the number of blades is 3.
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2.3.3 Determination of airfoil

Generally, the ratio of lift coefficient C; and drag coefficient
Cp is used to evaluate the wind energy utilization efficiency of
airfoil.  The greater the ratio, the better the wind energy utilization
efficiency will be. The airfoil type selected in this paper is
NACA4412. The lift-drag ratio curve and pitching moment curve
of this airfoil at an angle of attack of —8° to —13° are obtained by
professional airfoil analysis software Profili, as shown in Figure 3.
It can be seen that the lift-drag ratio of this airfoil reaches the
maximum at an angle of attack of 6°, which is about 100.4.

The final parameters of the vane are shown in Table 3.

NACA4412
Maximum camber 12.02% at 30.0% chord
Maximum surface 4.00% at 40.0% chord

Re 500000=

C___ e T
CI/Cd (alpha)
150 :
50
= A
2 1
3]
0
=50
-100
-10 -5 0 5 10 15
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Table 2 Corresponding table of tip speed ratio and blade
number

Tip speed ratio Number of blades Type of wind turbine

1 8-24
Low speed wind turbine
2 6-12
3 3-8
Medium speed wind turbine
4 3-5
5-8 2-4
High speed wind turbine
8-15 1-2
Cm (alpha)
0.20
0.10
0 +—4 — 11 — 11
-0.20
-0.30
=10 =5 0 5 10 15
Alpha

Figure 3  Lift-drag ratio curve (left) and pitch moment curve (right) of NACA4412 airfoil

Table 3 Vane parameter table of pneumatic device

The name of the Parameter
Leaf blade radius 0.3m
Leaf number 3
Airfoil NACA4412
The tip speed ratio 7

According to the basic parameters of the blade, 3D software
was used to carry out mechanical design for a single blade, as
shown in Figure 4. After forming a single blade model, assemble
the three blades to obtain the assembly model of the entire impeller
of the pneumatic device (hereinafter referred to as the impeller), as
shown in Figure 5.

In order to avoid the collision between the lower fuselage of
the aircraft and the impeller blades, and facilitate the release and
retraction of the pneumatic device, the distance between the blade
rotating wing tip and the lower fuselage is designed to be 300 mm.
The assembly drawing is shown in Figure 6.

Figure 4 (single) Three-dimensional blade model

Figure 5 Pneumatic impeller assembly model

Figure 6 Assembly drawings of aircraft and pneumatic impeller
3 Establishment of finite element model

3.1 Meshing and boundary conditions

According to the structural characteristics of the aircraft and
the impeller, the triangular mesh of the unstructured mesh is used
and locally refined. When dividing, the whole computing domain
is divided into two parts: one part is the rotation domain, which is
the rotating region of the impeller, and the mesh number is 470,000;
the other part is the static region, which is excluding the pneumatic
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impeller all the area, the grid number is 2.8 million. The static
domain and the rotating domain transfer the data between the grids
through the interface, and the distribution after mesh division is
shown in Figure 7.

Figure 7 Mesh distribution of aircraft and pneumatic impellers

To ensure accuracy, boundary conditions need to be set with
velocity-inlet, outflow, wall (wind impeller is rotating wall, aircraft
fuselage is stationary wall), and interface. The distance between
the inlet surface and the aircraft is one length of fuselage, and the
distance between the outlet surface and the aircraft is five lengths
of fuselage. The speed and direction of wind energy are set on the
velocity inlet surface, the rotating speed and direction of the
impeller are set on the wall of the impeller, and the flow medium is
set according to the ideal air.

3.2 Calculation method

Assuming that the medium flowing through the aircraft and
the pneumatic impeller is compressible ideal air and the flow
process is adiabatic, the continuity equation (mass conservation
law), momentum conservation equation and energy conservation
equation are satisfied in the working process™***3],

(1) Equation of continuity

9p , 9pu) opv) olpw) _, 5)
ot ox oy 0z
where, p is the fluid density; ¢ is time, and u, v, w is the velocity
component in x, y, and z.
(2) Momentum conservation equation

(pu) +div(puU) = div(ngradu) + S, — %
o Ox
Apv) +div(pvU) = div(ngradv) + S, — pr (6)
y
o(pw) +div(pwU) = div(ngradw) + S,, — %’0
z

where, S,, S,, S, is the generalized source term of the momentum
equation and div is the divergence.

The momentum conservation law equations in fluid mechanics
are called N-S equations (Navier-Stokes equations), which reveal
the basic laws of viscous flow and are an important theoretical
basis of fluid mechanics™*®,

(3) Energy conservation equation

) +div(puT) = div(igde) +Sr (7)
ot ¢,

where, T is the temperature; k is the heat transfer coefficient; C, is

the specific heat capacity, and Sy is the viscous dissipation term.
Due to its high prediction of separated flows, the SST ki-w
model has been widely used in the field of aerodynamic
performance research of pneumatic componentsi™. Therefore,
the SST k- model was selected as the turbulence model in this
paper. The SST k-w model uses the k-« model for the calculation
of the near wall area, and the k-w model is used for the fully
developed flow field area. The function expression of SST k-w

model is as follows:

0 0 0 ok | —
—(pk)+—=(pku;,) =—|T,— |+ G, =Y, + S, 8
6(p) 6(p u;) 8xj|: kaxv:| (R (I (8)

J

ox ox

J J

2(pw)+g(pami)=a{rﬁ“’}@—msw ©)

where, £ is the turbulent kinetic energy; o is the turbulent energy
dissipation rate; G, is the production term resulting in & due to

the average velocity gradient; G, is the production term of

w; Ty and T', are the diffusivity of £ and w, respectively; ¥;

and Y, are diffusion terms of k£ and w, respectively; D,, is the cross
diffusion term; S, and S,, are custom source items, respectively.

4 Calculation results and analysis

4.1 Analysis of aircraft aerodynamic characteristics without
pneumatic impeller

In order to illustrate the influence of the pneumatic impeller on
the aerodynamic performance of the aircraft, it is necessary to
obtain the aerodynamic performance of the aircraft without the
pneumatic impeller. Firstly, the plane mesh and volume mesh
were generated for the aircraft model, and the unstructured mesh
was divided, as shown in Figure 8. In order to ensure the
accuracy of calculation, cylindrical body is used in the outflow
field. The inlet surface is one fuselage length from the aircraft,
and the outlet surface is five fuselage length from the aircraft.

Figure 8 Grid distribution of agricultural aircraft models

Calculation state: the atmospheric state is the standard
atmospheric state near the ground, the calculated angle of attack is
—2° to 14°, and the incoming wind speed is 50 m/s. Table 4
shows the lift coefficient and drag coefficient of the aircraft without
impeller.

Table 4 Lifting drag coefficient of the aircraft without
impeller

The plane Angle of attack a/(°) Lift coefficient C;, Resistance coefficient Cp

-2 0.432 0.034
0 0.5711 0.046
2 0.634 0.062
4 0.704 0.082
6 0.810 0.101
8 0.881 0.126

10 0.975 0.154

12 1.036 0.183

14 1.036 0.213

4.2 Analysis of the interference of installation position of
impeller of air device to agricultural aircraft

Calculation state: the atmospheric state is the standard
atmospheric state near the ground, the angle of attack of the aircraft
is calculated as —2° to 14°, the incoming wind speed is 50 m/s, and
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the installation positions of the pneumatic impeller are respectively
in front of the wing, under the wing and behind the wing and a total
of 27 calculation examples are carried out. The lift coefficient
and drag coefficient of agricultural aircraft after calculation are
shown in Table 5.

Table 5 Aircraft lift coefficient and drag coefficient in
different installation positions of pneumatic impeller

The plane angle  The front wing Below the wing The rear wing

of attack

al(®) Cr Cp Cy Cp CL Cp
-2 0.033 0.384 0.033 0.307 0.033 0.374
0 0.042 0.437 0.043 0.414 0.042 0.468
2 0.057 0.616 0.061 0.553 0.057 0.574
4 0.069 0.735 0.075 0.585 0.073 0.656
6 0.098 0.837 0.096 0.658 0.099 0.753

8 0.121 0.922 0.121 0.735 0.119 0.87
10 0.150 1.001 0.150 0.815 0.152 1.013
12 0.184 1.106 0.186 0.921 0.174 1.029
14 0.206 1111 0.215 0.951 0.205 1.101

The lift coefficient and drag coefficient of agricultural
aircraft under the condition of no air impeller and under the
condition of different installation positions are compared, as
shown in the figure below. According to Figure 9, the
pneumatic impeller has an influence on the lift coefficient at
different positions of the agricultural aircraft, but it conforms to
the aerodynamic law of the agricultural aircraft at different angles
of attack. When the impeller is located under the wing, the
influence reduces the lift coefficient of the aircraft to the
maximum extent, indicating that the lift of agricultural aircraft
decreases at this position, which should be avoided as much as
possible during flight, so the pneumatic impeller should not be
installed under the wing.

When the impeller is located in front of the wing and behind
the wing, the influence on the lift coefficient of the aircraft is
within a reasonable range. In the case of small angle of attack
(=2°, 2°) both reduce lift coefficient of the plane, but along with the
increase of angle of attack, the impeller is located in the front wing
would be advantageous to the aerodynamic characteristics of
aircraft, aircraft lift coefficient were higher than the state without
air lift coefficient of the impeller, which improved the lift, and
pneumatic impeller is located in the rear wing is the opposite.

In these three cases, the installation position of the pneumatic
impeller has no great influence on the lift coefficient of the aircraft,
but reduces the drag coefficient of the aircraft in all cases,
indicating that the existence of the pneumatic impeller can reduce

=2.875e+003
=3.199e+003
=3.522e+003

a. No impeller

the drag in the flight process, which is beneficial to the
aerodynamic characteristics of the aircraft.

1.2 ¢
0.8
$)
0.4
—&— No impeller —#— The front wing
—+— Below the wing —#— The rear wing
0 I L 1 1 L L J

2 0 2 4 6 8 10 12 14
The plane angle of attack a/(")

Figure 9 Lift coefficient of agricultural aircraft when the impeller
of air device is not installed or installed in different positions

025
—+— No impeller —&— The front wing

—&— Below the wing —=— The rear wing
0.20

0.15

Cy

0.10

0.05

0 L 1 Il L L 1 L ]
=2 0 2 4 6 8 10 12 14

The plane angle of attack a/(")
Figure 10 Drag coefficient of agricultural aircraft with no
installation and different installation positions of impeller of air
device

The experiment only analyzed the aircraft pressure
distribution of the pneumatic impeller at different positions when
the aircraft angle of attack was 0°, 6° and 12° respectively, as
shown in Figure 11, 12 and 13. It can be seen from the aircraft
pressure distribution cloud diagram that the existence of the
pneumatic impeller has different degrees of influence on the
aircraft, especially the pressure of the wing. When the angle of
attack is 0°, the presence of the pneumatic impeller greatly
reduces the area of the minimum pressure surface of the aircraft
wing, which is also the reason why the lift coefficient of the
aircraft without the air impeller is greater than that with the air
impeller when the angle of attack is 0° as shown in Figure 9.
With the increase of the angle of attack, the area of the minimum
pressure surface of the wings of the three types of pneumatic
impeller is basically unchanged.

=3.263e+003

b. The front wing
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c. Below the wing d. The rear wing
Figure 11  Aircraft pressure diagram with angle of attack of 0° and pneumatic impeller at different positions

a. No impeller b. The front wing

c. Below the wing d. The rear wing
Figure 12  Aircraft pressure diagram with angle of attack of 6° and pneumatic impeller at different positions

a. No impeller b. The front wing

c. Below the wing d. The rear wing
Figure 13  Aircraft pressure diagram with angle of attack of 12° and pneumatic impeller at different positions
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4.3 Influence of the installation position of the pneumatic
impeller on itself

Different installation positions of the pneumatic impeller will
also have an impact on itself, and the output power of the
pneumatic impeller at different installation positions is shown in
Figure 14. It can be seen from the figure, no matter where the
pneumatic impeller is located, the output torque continues to
decrease with the increase of the angle of attack. As shown in
Figure 15, the large pressure area on the windward side of the
pneumatic impeller at an angle of attack of 0° is much larger than
that at an angle of attack of 12°. Therefore, the pneumatic
impeller should be opened at a small angle of attack to collect more
wind energy to improve the energy conversion efficiency of the
pneumatic impeller. But when installed in pneumatic impeller

under the wing output torque minimum and different angles of
attack, the biggest change in the front wing with maximum output
torque and different angles of attack change when the youngest,
pneumatic impeller best location for the front wing, both to reduce

the influence of aerodynamic characteristics of aircraft pneumatic
impeller, in the case of large angle of attack is more conducive to
the aircraft flight, at the same time, it reduces the influence of
agricultural aircraft on the pneumatic impeller, so that the
pneumatic impeller always keeps the appropriate output torque.

1.5
7.0
3
% 6.5
i o & e
“:" 6ol '-\‘\‘
=
E 55F
2 —8— The front wing
g. 5.0 —a— Below the wing
= 45F —&— The rear wing
4.0 L L L L L L L )
-2 0 2 4 6 8 10 12 14

The plane angle of attack a/(")
Figure 14  Output torque diagram of pneumatic impeller at
different positions and angles of attack

0 0.100  0.200 m |
[
0.050  0.150 v

0 0.100

0.200 m

0.050  0.150

Figure 15 Pressure diagram of windward surface of pneumatic impeller at different angles of attack

4.4 Analysis of the interference of agricultural aircraft on the
impeller under different wind speeds and angles of attack

Based on the previous analysis, the optimal installation
position of the air impeller is obtained. The pneumatic impeller is
installed in front of the wing, and the inlet wind speed in front is set
at 40 m/s, 50 m/s and 60 m/s, and analysis the output power of the
pneumatic impeller.

Calculation state: the atmospheric state is the standard
atmospheric state near the ground, the angle of attack of the aircraft
is calculated as —2° to 14°, the incoming wind speed is 40 m/s,
50 m/s and 60 m/s respectively, the installation position of the
pneumatic impeller is in front of the wing, and the speed of the
pneumatic impeller is set to 7000 r/min. A total of 27 examples
are carried out. After the calculation, with the rotating center of
the impeller as the center, the output torque of the impeller is
calculated to get the output torque diagram under different wind
speeds and different angles of attack.

As can be seen from Figure 16, the output torque of the
pneumatic impeller increases with the increase of the wind speed
and decreases with the increase of the angle of attack. When the
speed is constant, in order to obtain high output power, the flight
angle of attack of the aircraft should be small and the speed should
not be less than 50 m/s, which is in line with the general situation
of agricultural aircraft. ~Agricultural aircraft will encounter a high

angle of attack only in the process of take-off. During operation,
it is generally in a flat flight state with an angle of attack of 0° and
a flying speed of 50-61 m/st6201,

IO‘- —o— 40 m/s —8— 50 m/s —&— 60 m/s
9 L
” ’_.—’\‘\Q\_"."—_—.
Z 8f
= - =
g 7¢—* - * ° - - — e
=
£ ot
2
E‘ 5 e - = - ———
= 4t
3 L L L 1 L . L g
-2 0 2 4 6 8 10 12 14

The plane angle of attack a/(")
Figure 16 Output torque diagram of pneumatic impeller at
different wind speed and aircraft angle of attack

Figure 17 shows the rotating flow charts of a single wind
impeller and a front wing wind impeller with a flying speed of
50 m/s at 0 angle of attack. According to the flow chart, the
presence of the aircraft changes the direction of the air flow into the
pneumatic impeller to a certain extent, and the tangential velocity
of the air flow appears. Eddy currents appear in the flow out of
the pneumatic impeller, leading to the change of the force on the
pneumatic impeller and the reduction of the output torque.
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Figure 17 Rotating streamlines of individual pneumatic impeller
(left) and wing front pneumatic impeller rotation flow chart (right)

5 Conclusions

Because the wind energy generated by agricultural aircraft
during flight is very considerable, in order to make full use of this
part of wind energy and reduce the energy consumption of
agricultural aircraft, a pneumatic energy storage system for driving
aircraft operation is designed. This paper analyzes and discusses
the influence of the installation position of the pneumatic device on
the aircraft, obtains the best installation position, reduces the
interaction between the aircraft and the pneumatic device to the
greatest extent, which has great significance to improve the energy
utilization efficiency of the aircraft.

(1) By comparing the influence of the pneumatic impeller
mounted under the wing, in front of the wing and behind the wing
respectively on the lift coefficient and drag coefficient of
agricultural aircraft, it is found that the pneumatic impeller installed
in front of the wing can reduce the drag coefficient and increase the
lift coefficient at the same time.

(2) The influences of the existence of the pneumatic impeller at
0, 6 and 12 angles of attack and the different installation positions
on the aircraft pressure distribution were analyzed. The results
show that there is no pneumatic impeller under 0 angle of attack
greatly reduced the minimum pressure wing surface area, more
conducive to flight, with the increase of angle of attack, the
installation position of different pressure distribution has no
significant influence on the aircraft.

(3) The output torques of the pneumatic impeller at different
installation positions at 0, 6 and 12 angle of attack were compared
respectively. It was found that the output torques decreased
continuously with the increase of the angle of attack, but the output
torques of the pneumatic impeller in front of the wing reached the
maximum and changed slightly with the angle of attack.

(4) Comparing the output torques of the pneumatic impeller
installed in front of the wing at different wind speeds of 40 m/s,
50 m/s and 60 m/s and at different angles of attack from —2° to 14°,
it is concluded that the output torques increase with the increase of
wind speed and decrease with the increase of angle of attack.
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