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: This project develops technique of simulation and averaged

velocity measurement equipment to construct a handheld wind
turbine based on bionic dragonfly wing. The simulation
technique was developed already. It can tune operation wind
speed and boundary condition based on true condition. And
the Pitot tube pressure transducer is the basis of averaged
velocity measurement equipment. This project has already
carried out many successful tests. The usage of bionic
dragonfly wing for handheld wind turbine in the future is
more feasible.
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® <~ & : This project develops technique of simulation and averaged velocity measurement equipment to
construct a handheld wind turbine based on bionic dragonfly wing. The simulation technique was
developed already. It can tune operation wind speed and boundary condition based on true
condition. And the Pitot tube pressure transducer is the basis of averaged velocity measurement
equipment. This project has already carried out many successful tests. The usage of bionic
dragonfly wing for handheld wind turbine in the future is more feasible.
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Abstract:

This project develops technique of simulation and averaged velocity measurement equipment to construct a
handheld wind turbine based on bionic dragonfly wing. The simulation technique was developed already. It
can tune operation wind speed and boundary condition based on true condition. And the Pitot tube pressure
transducer is the basis of averaged velocity measurement equipment. This project has already carried out
many successful tests. The usage of bionic dragonfly wing for handheld wind turbine in the future is more
feasible.

Keywords : simulation, bionic dragonfly wing, wind turbine
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CFD Simulation of S1210 High-lift Wing Aerodynamic Properties for UAV

Yung-Lan Yeh", Lu-Qi Zhang, Tang-Cheng Chen
Department of Aviation Mechanical Engineering, China University of Science and Technology, HsinChu,
Taiwan
E-mail address: ylyeh1229@gmail.com

1. Background
The performance of traditional wing used for UAV flying in low-speed and bad weather is not well especially
in rescue work. It is also limited to its material and production work. For special mission requirement, UAV
must fly in bad weather and high head wind. Because of its obvious camber effect, the performance in
low-speed is better. The type of S1210 airfoil is now used for task-based UAV in present work. And it will be
well studied via CFD simulation and real fly test.

2.  Methods
The wing model will be simulated by CFD method to know its aerodynamic performance. The velocity
distribution at variance Reynolds number and angle of attack is mainly adopted to analysis flow structure at
upper wing surface. In present work, the high-lift wing is also verified by real fly test including takeoff
distance and load testing.

3. Results
Pressure distribution results indicated the large pressure difference of up and down surface. That means the
produced lift is more than other typical airfoil. And the flow pass through the wing surface smoothly even at
high angle of attack. Velocity results are also confirmed this argument. There is one special finding in the
condition of low speed and low angle of attack. Because of greater curvature of S1210, the ground effect will
more obvious and shorten the takeoff distance.

Keywords: CFD, high-lift wing, UAV, ground effect
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ABSTRACT

Slat and flap controls are known to improve flight performance in lift
under low speed operation. For Unmanned aerial vehicle (UAV),
constraints in design and implementation limit its flight performance in
lower speed operation. For many UAV applications, low speed high lift
performance is important in various missions. This paper presents a UAV
design with slat and flap for high lift at low speed. A wind tunnel model is
made to examine the aerodynamic characteristics before fabrication into
flight tests. UAV slat design, wind tunnel experiment, polystyrene
fabrication, system implementation and flight test are recorded. Based on
the UAV redesign, a flight control can be implemented to achieve low

speed operations in high performance.

Keywords: Unmanned aerial vehicle (UAV), leading-edge slat, lift, stall,
wind tunnel experiment, smoke flow.

I. INTRODUCTION

High lift device using slat design has been studied
ever since in 1919. A. M. O. Smith [1] indicated the
research results of slat by Handley-Page to delay stall
angle of attack performance in fixed wing aircraft.
After real implementation in D.H.9, De Havilland
successfully received first patent for using slat. “High lift
device” is generally termed after several improvements
and has been widely applied into aircraft since WWI. C. P.
van Dam [2] added slat and flap to improve take-off and
landing stability for air transport aircraft. It leads modern
aircraft designs with slat and flap, but increases
significant cost for: (1) tedious and time consuming
design and test, (2) complicate in driving mechanics, (3)
weight and parts increase, (4) frequent maintenance. This
causes UAV design being hesitated to consider slat either
in mechanics and control.

By using high lift devices, B-737 has made good
flight performance in: (1) increasing lift/drag for lower
speed cruise, (2) increasing critical Angle of Attack
(AOA) and lift curve, (3) suitable for short runway

operations. This encourages UAV design to consider slat
if minor effort should be required.

It is known that aircraft is critically controlled
during take-off/landing for its low speed flight phases.
UAV does face the same problem. Improvement to wing
designs should be a vital solution.

Flap and slat are small control surface for aircraft
6-degree-of-freedom (DOF) control. They are also
termed as Leading Edge Slat and Trailing Edge Flap; the
former contributes stall angel-of-attack (astall), while the
latter contributes maximum lift coefficient (CLmax). Flap
and slat are used during take-off and landing phases,
when aircraft is accelerating or deceleration. Since lift is
critical to speed, flap maintains enough lift during less
speed flight phases. More flap angle gains more surface
part against wind and results in increasing drag. This also
results in aircraft to process minimum speed (Vstall)
landing and minimize touchdown impact.

I1. FUNDEMENTAL CONCEPTS
2.1 General Formulas
From lift formula [3], lift (L) is proportional to wind

* Manuscript received, December 24, 20135, final revision, April 12, 2016
** To whom correspondence should be addressed, E-mail: ylyeh1229@gmail.com
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area for larger wing area to get larger lift. Although large
wind area gets higher lift coefficient, it also sacrifices
high drag coefficient. Low speed aircraft designs larger
wind area.

L=1/2(p V2CLA) (1)

Slat is usually installed at the leading edge of the
wings. It is controlled by pilots to activate the actuator to
separate the slat from the main wing and form a slot seam
between them. Under high or critical AOA, the main
wing will induce turbulence of flow separation. The slot
between slat and main wing will penetrate a steady jet
stream to extend the turbulence toward trailing edge of
the wing. The slot extends the flight operation range to
avoid stall with effect to increase lift.

Wright Brothers used wind tunnel test to find
optimal wing and propeller shapes to make their flight
dream come true. Physicians developed fundamental
fluid dynamics into aviation system to become
aerodynamics.

In aerodynamics, when the angle between relative
wind to wing cord, termed as angel-of-attack, increases,
the wind separation point moves to lower wing curvature
to speed up air flow on the upper wing curvature. It
results in higher pressure difference between upper and
lower sing surfaces, and lift increases significantly. When
AOA increases to the critical point, the turbulence flow
will increase to spoil the wind and pressure relationship.
Conversely, lift drops drastically and drag increases fast.
It is the phenomenon of stall. Currently, there are
hundreds of wing profile designs. Each wing has different
characteristics of lift/drag coefficient and stall AOA.

The relative wind separates into upper flow and
lower flow. Due to wing profile, the wind flows on
different speed for upper surface faster and lower surface

slower. From Bernoulli formula, lift coefficient (CL) is
calculated.
CL=L/[ 1/2(p V2A)] 2)

A motion body in the air is inevitably experienced
by a resistive force due to air viscosity. Aircraft
overcomes the resistive force by engine thrust (T). The
air viscosity presents a drag (D) to motion body, which is
usually estimated from wind tunnel tests. In general,
aircraft flies at T>D to accelerate and T=D to cruise. The
drag coefficient (CD) can be calculated as:

CD =D/[172( p V2A)] 3)

Reynolds (1842~1912) found the object inside fluid
to experience two forces as Viscosity and Inertia force.
The inertia force F=y/ 0 VL, where iz is the coefficient
of viscosity, o is the fluid density, V is the fluid
velocity, L is the longitudinal length. Inversely, it
becomes the Reynolds Number as:

Re=pVL/u 4)

When Re = 104~105, it is called Low Reynolds
number, or Re>107, it is High Reynolds number. When
Re<105, the wings present maximum lift and also drag
decays.

2.2 Theoretical Concepts
To study the slat and flap effects on UAV, a real
system is selected for practice [4]. From available

domestic resources, “Ready MK III” is a Class-40
training plane using NACA-4412 airfoil. Its
specifications are shown in Table 1. This paper will try to
redesign the wings with new flap and slat for flight tests.

Table 1: Specifications of Ready MK III
Class-40 trainer plane [12].

Item Term Paramet
1 Wing Span 1,570 mm
2 Length of 1,200 mm
3 Chord 250 mm
4 Wing area 0.39 m2
5 Aspect Ratio 6.28
6 Dihedral 3 deg
7 Sweepback 0 deg
8 Taper ratio 1.0
9 MTOW 2.8 kg
10 Fuel 230 cc

Figurel: Relationship of lift to AOA of NACA-4412 [16]

Consider the landing gear safety for trainer UAV
with wing span less than 2 m, the maximum take-off
weight (MTOW) should be controlled below 3.5 kgw. In
this design, high aspect ratio for this high wing UAV at
maximum speed 20 m/s is considered. Its speed at low
altitude is only M=0.06 that compress air effect is not
related for a zero sweep angle (A= 0). The wing also
considers no taper ratio ( A=1.0) for fabrication
simplification. A 3 degree dihedral angle (8=3") is set
for better lateral stability. A leading edge slat is designed
and fabricated into a modified wing set for this UAV
referring to NACA-4412 parameters as shown in Table 2.

Table 2: NACA 4412 airfoil parameters [13].

Item Term Parameter
1 Thickness 12.0%
2 Camber 4.0%
3 Leading edge radius 1.7%
4 Trailing edge angle 14.4%
5 Max CL 1.507
6 Max CL angle 11.0
7 Max CL/CD 57.209
8 Max CL/CD angle 5.5
9 Stall AOA 15.0
10 Zero-lift AOA -4.0
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2.3 Basic Calculations

UAV has its total weight Wtotal, which should be
relating to MTOW, including empty weight and fuel
weight as:

Wtotal = Wempty + Wfuel (5)

The empty weight includes body, structure, engine
and avionics for 3.07 kgw and fuel weight of 0.13 kgw
per 10 minutes flight. The MTOW is feasible of 3.2
kgw to less than 3.5 kgw for 30 minutes flight test.

Referring to Ready Trainer, its center of gravity is
located at about 80~85mm from the leading edge of the
wing, as shown in Figure 2. The CG should be carefully
adjusted within this constraint before each flight for
better longitudinal stability.

3 1/4"(80~85mm)

‘(_ & : -‘j_r_“;_h B
> gaans Al

Figure 2: CG of Ready Trainer [12]
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NACA-4412 has maximum lift coefficient
CLmax=1.507. Without slat for high AOA performance,
it should be taken as 1.4 for wing design assessment. At
take-off speed V, wind loading can be estimated as:

vo |2V :\/ 23298 oo im/
CipA  V1.4x1.225%0.4 s
And the result of wind loading is obtained as 78.37

N/m2 or 8 kgf/m2 from the following formula:

W 1
5 = 2 pvsfall Lo (6)

I11. DESIGN AND INSTALLATION FOR UAV
WING

3.1 Wing Design and Manufacture

The 3D CAD “Solid Works” was used for wing
design in present work. Figure 3 shows wings for wind
tunnel test in 1,000 mm x 600 mm test section. Some
modification should be made for wind tunnel tests to
avoid wingtip vortex. There is a hidden trick about the
slat out/in controls. It should be able to operate by simple
command from remote controller (RC) or from
microprocessor.

Figure 3: 3D wing for wind tunnel test

The wing shape is cut from 20K polystyrene
material with Balsa rib and wood springer, as shown in
Figure 4, for enforcement. Polystyrene is easy to cut and
scissors into design details. Ribs and springers are
important to strengthen the structure and endure the
overall weight during UAV flight. After shaping, the
wings will cover on glass fiber material and apply with
Epoxy coating (resin: hardening /10A:25B). 70g glass
fiber is used in the wind tunnel model, while 200 gw
glass fiber is used for test flight UAV. Polishing work is
necessary to smooth the skin sanding by 200# and 400#
sanding papers. The 3 degree dihedral angle on the main
wing should be exactly fixed in final assembly.

Figure 4: Rib and springer for wing enforcement

3.2 Installation

(a) Engine: This Ready Trainer fixes a MAX-46AXII
two-stroke piston engine by O.S. Engines [7], as
shown in Table 3, using 11*6 propeller. At n =
16,000 rpm, the ideal speed is:

16,000
X

V=4
60

=1,067 (in/s)=27.1m/s=97.56 km/hr @)

(b) Fuel Tank: Self absorption from carburetor by
external vibration absorber to reduce possible
bubbles.

(c) Battery: 7.4 V 2,700 mAh NiCd battery is used for 10
minutes flight test, supplying limited avionics.

(d) Servo: Futaba S3000 servo system is used to control
rudder, elevator, aileron, flap and throttle. A gear
type micro servo is used to push and pull slat.

(e) Radio Transmitter: Futaba TIOCHG-2.4GHz remote
controller is selected for flight operation and control
in 6 motions.
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Table 3: MAX-46AXII engine data [14].

item term Parameter
1 Weight 378g
2 Muftler 108g
3 Volume 7.45cc.
4 RPM 2,000~17,000
5 Diameter 22.0mm
6 Stroke 19.6mm
7 Axial Power ! 'éslp;’ /()l(.)%)Sern\;v/

IV. WIND TUNNEL EXPERIMENTS

4.1 Basic Features of Low-speed Wind tunnel

An open-loop absorption type wind tunnel is used in
the test as shown in Figure 5. Its contraction ratio is 7.5:1,
test section 2,000 mm (L) x 1,000 mm(W) x 600 mm
(H), with anti-turbulence screen at the air inlet, driven by
a 100 hp motor for wind speed 1 m/s to 30 m/s. The
model has Re=1.6x105 and adjustable AOA from —10°
~40°. The experiment conducts 5 times for each condition
with acceptable error under 0.1.

} 3400 mm 2100 v 6200 mn
contraction coe(T,5:1) | test section 100 fp pover unit

1111

Figure 5: Low speed wind tunnel for tests

4.2 Facilities of Force Measurement and Flow

Visualization

(a) Six Components External Force Balance: It is a Delta
Rad Six-Axis Force/Torque Sensor System by ATI
for 6-DOF data acquisition (Fx, Fy, Fz, and Mx,
My, Mz) from analog into digital with displays.
Force: F, ==%17 (kgw),

F, =£17 (kgw),
F, = £50 (kgw)
Moment: M, =+£1.5 (kgwxm),
M, ==£L.5 (kgwxm),
M, = £1.5 (kgw x m)

(b) Pitot tube and pressure transducer: It measures free
stream velocity and transforms the collected
dynamic pressure into accurate wind speed (or
known as true air speed, TAS) via pressure
transducer.

(c) Analog/Digital converter: It converts all measured
analog signals into digital forms.

(d) AOA controller: It tunes test segment with AOA from
—10°~40°.

As the flow visualization, a high-pressure smoke
flow visualization system [8] was used by setting the test
section horizontally, and connecting to RC. The smoke
generator uses liquid petrolatum wax to evaporate into
white smoke. The smoke is injected from air compressor
into the wind tunnel near the test section. In the
experiments, wind speed is set v=1 m/s for Re = 1.4x104
for easy recording.

4.3 Test Model

The test model is a section of NACA-4412 airfoil
with flap and slat for wingspan of 1,000 mm, cord length
of 200 mm and Aspect ratio is 5. The model is remotely
controlled by TI0OCHG-2.4 GHz remote controller to
R6208SB receiver as shown in Figure 6. The test section
is coating by dark blue paint for better visualization
under smoke flow. The AOA is set from -5° to 35° with
5° step. Measurements are lift, drag, lift/drag ratio and
stall AOA to verify the effect of slat.

Figure 6: AOA remote controller.

V. RESULTS AND DISCUSSIONS

5.1 Force Measurement Analysis

From the airfoil design data, the lift and drag to
AOA characteristics of NACA-4412 can be obtained as
shown in Figure 7 [9]. The lift is sensitive to AOA
changes especially into stall angles. At low AOA (a< 14
"), before slat opens, lift is almost proportional to AOA.
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Figure 7: Lift and drag coefficient to AOA.

In wind tunnel test at wind speed 12 m/s, the lift
performance of slat has been recorded with low AOA<14
°. It matches the design characteristics. When AOA=15",
lift coefficient reduces gradually. Until AOA=16"with no
slat, the lift coefficient reaches maximum at 1.42. When
slat is opened, the lift coefficient keeps increasing to 1.6
before AOA<23". This wind tunnel test result is shown
in Figure 8. It is verified that slat is suitable for high
AOA (15-23%)at Re=1.6x105 to NACA-4412. The slat
can be opened at AOA>14" to receive good control
performance. For drag coefficient, when AOA is -10~0"
before and after slat opens, it is 0.017 to 0.023, and keeps
increasing at stall angle with 0.058 to 0.063. This shows
slat should be retreated at negative AOA. High drag
coefficient and high lift coefficient can be operated to
quickly reduce speed during landing [10].

2

15

cL 05

05 —p— Re=160K.5lat close

—- Re=160K,Slatopen

—A— Re=160K,5lat close

-3~ Re=160K, 5lat open
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ooz w‘wmww
oo
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Figure 8: CL and CD at slat changes.

5.2 Flow Visualization Photos

The wind tunnel tests are carried to observe the flow
distribution under wind speed using smoke-flow
visualization device. For the wind tunnel test, the test

airfoil model has core length 0.2 m with Re=1.4x10"
by setting wind speed 1 m/s. Various AOA conditions are
tested and photography recorded from -5°, 0°, 5°, 10°,
15°, 20°, 25°, 30°, 35° with or without slat opening, as
shown in Figure 9. Following AOA increases to 5°~10°,
flow separation on wing surface has become more
obvious and moved forward to its leading edge until it
reaches maximum lift coefficient (CLmax). When AOA
increases to 15°~20°, lift coefficient drops and drag
coefficient increases simultaneously.

Separation+' Separation,
AOA=-5"+ ADA=0",

(e) AOA 15° (stall) (f) AOA 20° (stall).
Figure 9: Airfoil flow visualization with no slat.

When slat opens, it is forward in fixed position that
increases cord length and wing area to allow air flow
from lower surface upward through slat seam. Wind
tunnel experiment results are shown in Figure 10. When
AOA lies between -5°~10", slat open presents negative
effect to lift. By increasing AOA, the flow does obviously
move backward on wing surface from smoke
visualization. Slat has significant effect to extend flow
separation backward. Between AOA= 10°~22°, lift is
linearly proportion to AOA. When AOA=23°~30", lift
increment becomes slow and drops abruptly to stall.

From 2D flow structure by referring to lift
coefficient, drag coefficient and stall AOA, slat is
superior for better aerodynamic characteristics for better
flight performance at high AOA. For mission at low
speed operation, slat can increase drag and high lift by
higher AOA.



Yung-Lan Yeh Chin E. Lin Ching-Lung Lu

34

(a) AOA -5°

Figure 10: Airfoil flow visualization with slat open.

From the wind tunnel test results, the
characteristics of slat have concluded: (1) Slat has
significant to lift and drag. (2) Stall AOA is about 23
* for NACA 4412 with slat comparing to 16" with
no slat. (3) Low AOA -10°~10°, slat is not suitable
to open. The characteristic data is useful for flight
operations: (1) Open 50% slat for short distance
take-off. (2) At low speed mission operation, slat
can be open 100% at higher AOA to reduce speed
and gain high lift. (3) No slat during cruise flights.
(4) Open 100% slat for landing to get high lift and
high drag in short distance landing.

5.3 Flight Verification

A modified UAV with slat and flap is implemented
using polystyrene by covering with glass fiber coating
with Epoxy from an original Ready Trainer. Its take-off
weight is 3.2 kgw at 12 m/s for 50 m height circling 300
m range for 10 minutes. The purpose of this flight tries to
test short distance take-off and landing, reduce speed

cruise for different phases of performance shown in Table
4.

Table 4: Original flight test data.
Operation H Vv T X
1 | Start /Takeoff 01 0]0]43]|15] 60
2 | Climb 0 |100]43]60|30]| O
3 [Cruiseireduce 11001100 60 | 40 [465] o
speed
4 | Descent 100] 10 1 40]45]160] O
5 |Landing/Taxi 10] 0 145] 0 | 30180
m km/hr s m

Table 5: Flight test data for slat close/open.

Operation H Vv T]| X
slat close (m) (km/hr) | (s) | (m)
1 Start /Takeoff | 0 | 0 | 0 | 42| 15| 67
2 Climb 0 |100]42]55]30]| O
3 | Cruise/reduce 1001 og | 55| 44 |400| 0
speed —
4 Descent 98 110144145 60 0
5 Landing/Taxi | 10] 0 | 45] 0 | 30| 175
Operation H A% T X
slat open (m) | (kmv/hr) | (s) | (m)
1 |Start /Takeoff 0O]Jo]o]38]15] 56
2 | Climb 0 |100] 3857|130 O
3 |Cruise/reduce  |y60f103( 57 [ 36 [450] 0
speed —_
4 |Descent 1031 11 136140]160] O
5 |Landing/Taxi 111 0 J40)] 0 | 30]158

In the remodeled UAV flight test, the slat
performance has been verified with matching results in
reduce speed flight. The weather condition during flight
is fair and calm daytime at temperature 28~30°C with
wind at 1 m/s. In the UAV design, a simple mechanism is
added in the slat control to push the slat by three steps.
The fabrication is not so difficult for UAV modification.
With comparisons from Table 4 and Table 5, the take-off
and landing processes have been tested with slat open or
close. The slat effect is evident and significant in
contribution to lift.

When slat is opened, the UAV is operated at high
AOA, its speed drops from 44 to 36 km/hr, which is 22%
improvement. By repeated tests, the average reduction is
about 18%. In short distance landing test from 10-15 m
altitude to touch down, the landing distance at high AOA
can be improved from 175 m with no slat to 158 m with
slat. A 10.7% improvement from slat open is proven. In
short distance take-off, slat offers 16% contribution to lift
from several tests.

The main merit of the proposed slat design shows a
simple mechanism to operate slat on/off in three steps.
The additional slat operation causes little effort in
autonomous flight control.
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VI. CONCLUSIONS

This paper proposes a simple slat design into small
UAV to improve its low speed performance. Slat is
designed and modeled for preliminary wind tunnel test to
support its effect by experimental data. The smoke
visualization shows clear flow separation changes due to
slat effect. With the experimental support, a Ready
Trainer redesign and manufacture is performed for flight
tests. The slat is controlled by three steps with simple
mechanism to simplify control operation. Remote control
flight test has fully verified with slat effect in reduce
speed performance. The study supports UAV using slat
for performance improvement without operational
problem.
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ABSTRACT

The mobile communication system, whose most remarkable
advantages are convenience, stability, and extensibility, has been
widely applied in daily life. Depending on the structure of the mobile
communication system, the signals can be stretched through the
UAV with the repeater platform, which can help to prove the
connection rapidly with communication dead zones. A high
performance helical antenna used for data transmittion on UAV will
be design and constructed in present work. There are three main
experimental steps. The feasibility evaluation, connection distance
and the calculation of receive sensitivity are the first step. Second,
follow the limitations and conditions of UAV to launch the
experiments. Finally, to use 2-stage tests which were shielded RF
Anechoic Chamber and aviation experimental region, and provide
the best control parameter to future modification from experimental
data.

Keywords: helical antenna, UAV, RF Anechoic Chamber

I. INTRODUCTION

In resent years, Taiwan was affected by many
natural disasters and strong typhoons. Except lots
of loss lives, it also caused bridge collapses and
serious rock slide. Taiwan government had
invested into all disaster areas about million people
of all levels of troops and civilian rescue
organizations [1]. They often communicate with
each other via control points based on wire or
wireless radio system [2-4]. But relay point can
only supply limited support because of its complex
terrain, the message cannot be transmitted and
finally lead ground rescue slowly. Consequently,
huge equipments, human resources and operating
expenses were wasted because delay of message
transmission.

The necessary abilities of the monitoring
system are to monitor disaster ground condition,
transmit real-time image, data intelligence and
relay voice in all kinds of weather. However, the
EMI will be produced because of bad disaster
condition and overlap of the electromagetic
environment of communication geuipments. It can
be divided into two different categories. First one is
interference of main pieces and isolation [5]. The
other is multipath fading and increasing of EBR.
Electromagnetic wave diffraction and direct
reflection effect will be caused on the
communication link and then affect the signal
transmiting and receiving [6]. To change the
transmission communication link and avoid large
number power consumption are two possible way
to fix the problems mention above.

* Manuscript received, December 28, 2015, final revision, April 16, 2016
** To whom correspondence should be addressed, E-mail: ylyeh1229@gmail.com
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In 2006, NASA published the results of
Helical antenna using on UAV [7], calling HALE
UAVs. The smaller antenna with 9 dB gain and 60
degree beam width, can efficiently reduce EMI and
avoid interference. But the HALE UAVs needs to
be improved when operate at high cruise speed and
low altitude because of its slow direction variation.

Since rapid assembly, deployment, low cost
and stable cruising at low altitude, the main idea of
present work is to make UAV to be a
communication  platform. It  equips  with
communication repeater over the disaster area and
communicates with remote good base station. In
order to supply continuous and stable signal source,
the antenna of repeater is called the Donor which is
basicly the source antenna with narrow beam and
higher gain to communicate with base station on
the ground accurately [8].

Typically, there are two different kinds of
antenna [9-11], parabolic and helical types. They
all have concentrated beam energy and high
directivity characteristics. But the input impedance
and field type of helical type is independence of
frequency, so the research spindle and motivation
of this study is to design and verify circular
polarized helical antenna and finally use for UAV
as the donor antenna. Interior and outdoor
experiments are carried out in the RF Anechoic
chamber in AFIT (Air-Force Institude of
Technology) and Sai-Chia flying field.

Helical Autenna

Diameter @ 54cm Length : 32 cm
Focal pont © 18 cm Diameter © 10 cm

Sont Parabolic Antenna

Diagram ._ 1
7

Frequency 960 MHz
Antenna Size

Equpped Zone 40 cm % 40 cm

Antenna Profile

32em

Figure 1 Characteristic comparisons of parabolic and
helical antenna

1. VEHICLE SPECIFICATIONS AND
COMMUNIC ATION PARAMETERS

Antenna configuration will be limited because
of volume of vehicle and pulse width. The

comparisons of parabolic and helical antenna of
GSM-900 system are shown in Figure 1. Even the
parabolic antenna has better concentration, it will
be affected by the vehicle attitude and cause pulse
bias. The transimission performance of antenna
will also reduce.

In the frequency respect, global mobile
communication is categorized into broadband
communication. Input impedance and electric field
shape of helical antenna will not vary with
frequency and suit the actual require of broadband
communication. So helical antenna configuration
was choosed to be the main research spindle in
present study finally and applied for UAV to be a
donor antenna. The whole system architecture is
shown in Fiure 2. Detail description of
experimental parameters will be mention as
following.

| —— NCKUCE-71 UAV
uAv -Clumngliva Telecom ¢ 0 Repeater

Repeater | ' -Adtude 700 m (Lt )

— “Veloeity 30 m/secimax)

gnal = ~~
Up link signa g
- ~

A
“& Down link signa
700 m @ @

GSMOU0 Cironnd Region or USER

Alive BTS Antenna Sensitivity -102~ -10d4dBm

Figure 2 System architecture

2.1 UAV capability

(1)Flying altitude: 300~1000 m.

(2)Flying speed: 30 m/sec

(3)Fixed position of antenna: just below the bottom
of the fuselage nose and tail.

2.2 Communication range of GSM repeater
(1)Operation frequency
Upload:895~910 MHz (2 W/33 dBm)
Download:940~955 MHz (0.5 W/26 dBm)
Communication test frequency:900 MHz
(2)Efficient height of base signal: <700 m
(3)Sensitivity of GSM user: -102~-104 dBm
(4)The separation between UAV and base should
be limited into 1 km to keep the ability of relay
communicaion.

2.3 GSM base station
(1) Transmit power: 1.9 W/33 dBm
(2)Gain of base antenna: 18 dB
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(3)Transmission loss: -88.43 dBm

II.I. PERSPECTIVE DIFFICULTIES AND
PROPER SOLLUTIONS

To reduce development time, present study
list most possible problems which will limit the
design and construction of antenna. The perpective
difficulties and theie proper solutions are mention
below in detail.

A. Limited to carrier size, the bandwidth and
power of transmission/receiver can not be
enhanced. Present study plans to use different
winding method to improve bandwidth and
gain of antenna without power enhanced.

B. To avoid electromagnetic multiple reflection
and increase sidelobe signal, the low reflection
material of chassis will be used, like
Aluminum or Copper plate.

C. To increase gain and reduce power attenuation
caused by construction process, the coaxial
cable will be used for transmitting antenna
because of its low conductivity and power loss.

D. Communication relay antenna is categorized
into two different kinds of antenna, the Donor
and Service antenna. They mainly transfer
signal from repeater to cell phone user.
Because  they  are all full-duplex
communication mode, so they are easy to cause
interference. In this paper, different spirl
polarization directions will be applied to
produce polarization  barrier.  Different
transmitting/receiver direction and reduce
antenna beam width will generate space barrier
to avoid interference of each communication
antenna.

IV. EXPERIMENTAL SETUP

4.1 Antenna Size

To satisfy the equipment, antenna was
installed in volume of 0.4 m depth, 0.2 m length
and 0.2 m width below UAV head(as shown in
Figure 3). So the size of antenna is limited in 0.35
m length and 0.1 m diameter.

Depth 0.3 m

Length 0.2 m . — ¥ f / ’
Width 0.2 m LU <3 T % o
4

Figure 3 Antenna constructions of Ce-7 series
UAV

4.2 Antenna Configuration

There are many different kinds of helical
antennas, but they are mainly categoried into two
modes, normal and axial mode. But the axial mode
has better directional characteristic, the antenna
configuration is selected and made by axial mode.
In the following descriptions are other detail
parameters of antenna design.

The working frequency of antenna is 890 to
960 MHz which are also used for GSM system and

correspomding wavelength (4) is about 0.3125 m

which is calcuated from formula (1) [12-13]. The
material of cylinder base of antenna is polystyrene
with 0.312 m length and 0.1 m diameter. The
spacing (S) between each single coil according to
formula (2) is 0.078 m and the best elevation angle
a is 14° (3). The beanwidth of antenna is

calculated as 52° by formula (4) and the gain is
10.68 dB.

i

Al = T 1)

5=A/4 2)
= -1 2

@ = @n eircumferercs ofeplind=r (3)

BW=— 4)

i, N IWNE
e

* where N is number of turns.
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The estimate of effective communication
distance is based on space loss and different
distance. According to formula (5), Table 1 shows
the effective distance.

Spatial loss (dBm) = (3244 + Z0logd +
20log F)
)

* where d is distance and f is working frequency.

4.3 RF Anechoic chamber

In order to investigate the antenna electrical
properties, present work test the antenna via the RF
Anechoic chamber in AFIT (showing in Figure 4).

Its size is 6 m (width) %6 m (heigh) <9 m (length)
and has a mental shell. Including floor, the
absorbing sponge with triangle shape disreibuted in
internal six walls to avoid electromagnatic
interference. The working frequency range is
0.8~18 GHz and effective gain is = 90~10G dE.

Figure 5 shows the interia experimental monitor
and setup.

Pc Monitor

Internal
Surveillance
Manitor

keyboard

keyboard

Pracessor
system

Servo control
system system

Analyzer

Figure 4 RF Anechoic chamber in AFIT

Figure 6 Standard antenna with horn
shape (NRL-4433)

There are four main experimental test parts:
(1)Antenna modular of far-field measurement
signal transmission/receive.

(2)Antenna deportment control device.
(3)Network analyzer.

(4)Two 19” CCD camera with 30 x auto-focus
capability.

Antenna  modular of far-field signal
transmission was adopted standard antenna with
horn shape (NRL-4433) as shown in Figure 6. Its

gain error is 4.3 dE. The transmissing and under

s — i —— —

Control cable

Figure 5 Experimental monitor and setup

TX Antenna Z-Axis RX Antenna
_____________ —_— L
]
:
3m
u—————————————————————————————————i ————————— Sm --—--—-——- »|
:
!
______________ il

Figure 7 Separation of RX and TX antenna

test antennas were setup along the 3 m height
parallel axis and separation of 5 m to avoid
interference (Figure 7 shows the corresponding
position). Detail experimental and test procedures
are shown in Figure 8.
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1

Air to Ground
Transmission Experiment

l

Scope of the Study

Data Analysis and
Configuration Compare
Perspective Difficulties and
Their Solutions l
l | Conclusion and Suggestion
Parameter Calculation and
f— |

Model Construction \‘
No |
Study and Modification |

Yes

Figure 8 Detail
procedures.

experimental and test

V. EXPERIMENTS AND DISCUSSION

5.1 Effect of Material, Winding Method, Pulse
Width

The manufacturing process of high-frequency
coaxial cable includes deoxy process. So its gain
reduction is smaller than enameled copper wire in
transmission process (as shown in Table 2) and has
higher pulse gain.

As for the winding method, the axial mode
has more obvious polarization direction and
narrower pulse width than those of normal mode
(also see Table 2). Without variation of antenna
volume, high-gain and narrow beam can not only
extent transmission distance but also enhance the
communication efficiency.

5.2 Effect of Chassis Material

The shielding effects of mesh grid and pure
aluminum are close but pure aluminum is better
(see Table 3). And circule shape has obvious result
in shielding and highlight the main beam.

If the chassis is made by acrylic, to paste foil
tape can reduce the reflection of sidelobe. But
paste process will cause height difference and
indirectly increase reflection rate and decrease
shielding effect.

5.3 Air-ground Transmittion Experiments

The location of 900 MHz omnidirectional
transmission antenna is placed on the tail of carrier
(see Figure 9). And its receiver is located on the

ground (see Figure 10). Limited to equipments,
there are 10 sets data record from GPS position in
each fix time interval.

Figure 9 Location of 900 MHz omnidirectional
transmission antenna

Figure 10 Receiver of 900 MHz omnidirectional
transmission antenna on the ground

The longest distance of real test is about 7.78
km and there are totally 14,260 sets of transmission
data. Receiver actually receive 13,803 sets and loss
457 sets of data. The Bit Error Rate (BER, detail
definition is shown in Formula (6)) is

2.0029 x 10™%. The loss not only cause by

obstacle of flight path but also cause by
transmission judgment rule. If 10 sets of data is
record, process will be judged to be correct and
other unfinished or delay data will be ignored. The
sample of judgment is revealed in Table 4. So the
correct transmission rate may still enhance. The
detail results of transmission is shown in Table 5.

BER= (The total number of Bit-Error with in a
time) / (transmittion speed x total time)  (6)
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VI. CONCLUSIONS

A high performance helical antenna used for
data transmittion on UAV is design and
constructed in present work. The control
parameters of material effect, winding method,
pulse width are well experimental discussed.
Experimental results indicates the pulse gain of
high frequency coaxial cable is higher than
enamelled copper wire because of the
deoxyribonucleic process. And the axial mode of
winding method had better pulse directivity than
normal mode but had narrow beam. Without
volume variation, the antenna efficiency can be
enhanced and trasmit for a longer distance under
the conditions of higher gain and narrow beam. As
for the reflector plate, the shielding property of
meshless type is better than mesh type. And the

main beam will also highlight if the reflector plate
is circular shape.

Flying field transmittion experiments adopt
earth receives transmission mode and according to
BER as the evaluation criteria. The correct record
will be judged if the antenna reveive 10 documents
under 10 Hz sampling rate. The data will be
ignored in the condition of unfinished transmittion
or delay. The longest transmittion distance is about
7.78 km and total number of transmittion data is
14,260 sets. There are 13,803 sets data were
receivered and 457 sets data loss. That reveals the

average BER=2.0329 x 105,

Table 1 Effective communication distance

Range BTS An  |Air Decay | An-Donor | Repeater |An-service | Air Decay sensitivity
11 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -112.35dBm -104.78dBm
10 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -111.52dBm -103.95dBm
9km +51dBm | -88dBm | +6dBi +33dBm +6dBi -110.61dBm -103.04dBm
8 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -109.59dBm -102.02dBm
7km +51dBm | -88dBm | +6dBi +33dBm +6dBi -108.43dBm -100.86dBm
6 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -107.09dBm -99.52dBm
5km +51dBm | -88dBm | +6dBi +33dBm +6dBi -105.50dBm -97.93dBm
4km +51dBm | -88dBm | +6dBi +33dBm +6dBi -103.57dBm -96.00dBm
3 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -101.07dBm -93.50dBm
2km +51dBm | -88dBm | +6dBi +33dBm +6dBi -97.55dBm -89.98dBm
1 km +51dBm | -88dBm | +6dBi +33dBm +6dBi -91.52dBm -83.95dBm
700m +51dBm | -88dBm | +6dBi +33dBm +6dBi -88.43dBm -80.86dBm
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Table 2 Comparison of wire material and winding method

Antenna Winding | Polarization | Frequency | Peak | Peak | Pulse
Material Method | Direction (MHz) | Degree Gain | Width
(Degree) | (dBi) | (Degree)
890 356 | 4.39
910 3.16 | 495
Enameled .57 930 358 | 5.25
Copper Normal 960 423 | 5.07
Wire Mode 890 050 | 1.92
(1 mm) 910 1.56 | 2.79
— 930 123 | 320
960 1.33 | 2.96
890 0.00 0.42 46.59
900 | 104 | 056 | 4313
910 208 | 034 | 3752
920 64.12 | 094 | 38.80
e 930 -46.84 | 1.13 | 4057
940 | -41.80 | 097 | 5047
. 950 -38.76 | 042 | 131.33
Bigleiequedsy)| 5 o 960 | -35.72 | 0.24 | 129.68
C"a’;‘“l Cable | ) fode 890 | 11.72 | 235 | 5834
(1 mm) 900 | 10.76 | 2.49 | 54.58
910 7.80 | 3.54 47.95
0.01 920 3.84 391 41.27
’ 930 -1.12 | 548 3991
940 308 | 323 4238
950 -5.04 | 1.28 45.82
960 -8.00 | 0.16 48.77

Table 3 Comparison of shielding effect

Clksesis Migatial Shielding Effect Polarization Direction
l (dBi) (Degree)
-5(Min.)
Foil Tape -10(Avg.) 89.97
‘ -18(Max.)
(Acrylic Square Plate) | e S0
30 cmx30 cm -5(Min.)
-15(Avg.) 0.04
-32(Max.)
-5(Min.)
Aluminum Steel Mesh -10(Avg)) 89.97
-22(Max.)
(Square Plate) -
30 emx30 cm -10(Min.)
-15(Avg.) 0.04
-30(Max.)
-10(Min.)
S15(Av C
Aluminum Plate & 130(3;3;) 89.98
(Circle Plate) o
Diameter=30 cm -10(Min.)
-20(Avg.) 0.01
< 40(Max.)
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Table 4 Sample of transmission judgment

T _ RX RX(Helical Antenna) .
I)E“H - Sensitivity:-99 dBm Results Next Clock
TX 10 sets GO T
10 sets 9 sets NO GO 1 set or None
8 sets NO GO 2 sets or None
7 sets NO GO 3 sets or None
6 scts NO GO 4 scts or None
5 sets NO GO 5 sets or None
200 byte/10 HZ 4 sets NO GO 6 sets or None
3 sets NO GO 7 sets or None
2 sets NO GO 8 sets or None
1 sets NO GO 9 sets or None
0 sets NO GO 10 sets or None

VIl. FUTURE WORKS

To improve present research, there are four

main future works inspired by this work need to
implement.

1.

from
Technology.(Contract

To change the antenna configration, the gain
and directivity are spindle. It also can enhance
transmittion efficiency and deduce interference.
To choose the best positions of Donor and
Service antennas on the UAV to avoid
interference.

To simulate the antenna performance via
computer program for human cost and error
decreasing and finally increase aging and
accuracy.

To notice the winding angle and position of
transmittion wire. The resonance effect of
electromagnetic wave can be achieved
completely.
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CFD Investigation on Aerodynamic Performance of High Properties Bionic
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Abstract

Present study investigate aerodynamic properties of bionic dragonfly wing blade via CFD simulation
method. The properties is focus on velocity and pressure distributions at fix wind speed of 0.1 Mach. Results
is compared with those of NACA-4412 to confirm boundary conditions are consistent with real case. Results
also reveal the condition near actual sitiuation when grid area is 16,700 cm? and indicate that pressure
difference is not obvious at low angle of attack. But when angle of attack increasing, pressure difference is
more phenomenal. Even surface flow of NACA-4412 is stall, the flow on the dragonfly maintain stable. This
pheomenon indicates those convex structures on the dragongly can be seen as a kind of vortex generator. The
induced vortex in the convex structure can reduce friction drag and delay flow separation.

Keywords : CFD, bionic dragonfly wing, aerodynamic
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Implementing and Verification of UAV Wing with Ground Effect and High-lift

Characteristics
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Yung-Lan Yeh?, Chieh-Nin Sun®
#China University of Science and Technology, Graduate Institute of Aircraft System Engineering
b China University of Science and Technology, Aviation Services and Management Department
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Abstract

Present work focus on the implementing and verification of UAV wing which has ground effect and
high lift characteristics. There are two parts in the content. The first part studies the relation between camber
and ground effect via wind tunnel experiment to confirm the ground effect. The second part investigates flow
field property and flight performance of S1210 wing by numerical simulation and real flight test. Results
indicate the wing with high camber will affected by ground effect and lift will be produced near ground. This
lift produced by ground effect will disappear when move away ground and finally dominated by Bernoulli’s
principle at more high altitude. The S1219 reveals the properties of ground effect and high lift in numerical
simulation and flight test. Results also indicate the UAV with high camber wing executing task at low
altitude and low speed will have short takeoff and high angle attack flight properties.

Keywords : ground effect, wind tunnel experiment, numerical simulation, UAV
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The Research of Disaster Relief and Prevention Support by Military Helicopter
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China University of Science and Technology, Graduate Institute of Aircraft System Engineering
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Abstract
Because of special location, Taiwan is threatened by natural disasters for a long time. Since the Law of
Disaster Relief and Prevention promulgated, the central and local governments can apply troops to assist
when they unable to deal with disaster. Base on several researches, governments were hard to deal with large
scale disasters caused by storms and floods. Even there are many response mechanism, governments have no
enough professional manpower and equipment to implement large scale disaster relief. According to this

point of view, present paper studies the participation of military to relief and prevention disaster and
discusses helicopter usage under emergency situation.

Keywords : disaster relief and prevention, troops, military helicopter
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CFD Simulation of S1210 High-lift Wing Aerodynamic Properties for UAV

Yung-Lan Yeh", Lu-Qi Zhang, Tang-Cheng Chen
Department of Aviation Mechanical Engineering, China University of Science and Technology, HsinChu,
Taiwan
E-mail address: ylyeh1229@gmail.com

1. Background
The performance of traditional wing used for UAV flying in low-speed and bad weather is not well especially
in rescue work. It is also limited to its material and production work. For special mission requirement, UAV
must fly in bad weather and high head wind. Because of its obvious camber effect, the performance in
low-speed is better. The type of S1210 airfoil is now used for task-based UAV in present work. And it will be
well studied via CFD simulation and real fly test.

2.  Methods
The wing model will be simulated by CFD method to know its aerodynamic performance. The velocity
distribution at variance Reynolds number and angle of attack is mainly adopted to analysis flow structure at
upper wing surface. In present work, the high-lift wing is also verified by real fly test including takeoff
distance and load testing.

3. Results
Pressure distribution results indicated the large pressure difference of up and down surface. That means the
produced lift is more than other typical airfoil. And the flow pass through the wing surface smoothly even at
high angle of attack. Velocity results are also confirmed this argument. There is one special finding in the
condition of low speed and low angle of attack. Because of greater curvature of S1210, the ground effect will
more obvious and shorten the takeoff distance.

Keywords: CFD, high-lift wing, UAV, ground effect
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