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Abstract. LAPAN Surveillance Aircraft (LSU)-05 NG is the latest developed unmanned aircraft in the aviation industry,
which has a mission for maritime surveillance. Design requirements and objectives have been determined for the aircraft
performance. Some improvement of the design needed to achieve the requirement and to get the optimum aerodynamic
performance, including to determine the high lift device design. The selection of suitable high lift device type for UAV
LSU-05 NG model has been made and also the numerical analysis using CFD for 2D and 3D at wing level has been
performed to get the optimum design of high lift device. The selection of HLD type also considered of simplicity of
manufacturing and mechanism by qualitative. Finally, the high lift device type which has an optimum performance for
unmanned aircraft is plain flap-type with a 10.20% lift increasing at 15 m/s stall speed at take-off compared to the wing
configuration without flap. The final configuration has the runway prediction with 170 m distance, which is within the
requirement.

INTRODUCTION

Takeoff is the starting phase of a flight of an aircraft. Takeoff and landing are the most significant phase of aircraft
operation because the majority of aircraft accidents occurs during these two phases.l An aircraft need the high lift
during low speed while in the takeoff phase to compensate for the maximum takeoff weight. If we can increase the
maximum lift coefficient it is also related to the high performance of aircraft weight, and cost as well because the
performance of an airplane is strongly related to every part of airplane design and operation.2 At the low speed, an
aircraft has a lift coefficient of around 1.4 to 1.5 generally. The development of variable camber devices of the wing
allows the aircraft to improve the aerodynamic performance by changing the wing curvature under different flight
conditions.3 It can be applied high lift devices at the leading edge and trailing edge of the wing, namely flap. The
factors which affect the decision of flap size and type are high lift requirement, trim considerations, drag
considerations, cost, complexity, and maintenance.4 The leading edge flap has two types such as Kruger and Slat,
while for the trailing edge flap-type are a Plain, Split, Fowler, and Slotted.

Aecronautics Technology Center of LAPAN (National Institute of Aeronautics and Space) Indonesia is developing
unmanned aircraft called LAPAN Surveillance UAV (LSU)-05 NG with configuration high wing, twin tail boom and
engine pusher for a maritime surveillance mission.5 Since 1917, when the first UAV (Unmanned Air Vehicle) was
developed successfully in England, It has been progressing through several stages, which are target drone,
reconnaissance aircraft, and multi-role UAV. Also, it has been successfully useful for military purpose in four local
wars, which has come to the attention of the world.6 The specific requirement for the takeoff phase of the LSU-05
NG aircraft is the stall speed not exceed than 18 m/s and the runway distance is 180 m or lower with maximum takeoff
weight is 75 kg. This requirement related to application at the patrol ships. Regardless of the specific UAV
configuration, engineers are required to design UAVs that can successfully withstand a wide range of flight conditions,
are suitable for long survey periods and have the advantage of low cost.7 To optimize the takeoff and landing
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performance and meet the requirement, the designer needs to analyze the high lift devices that will be determined in
this paper. Due to the iterative nature of design, it is important for designers to evaluate with good confidence the
control authority of candidate concepts as early as possible in the design process. Normally numerous possible
configurations are considered before the stability and control specialists start their analysis for the detailed control
system design.®

In order to determine the best design, numerical analysis is used to evaluate the behavior of multiple candidates,
which one with the top performance in terms of the desired objective is selected.9 There are so many efforts to solve
the design problem of high-lift devices aerodynamics. The wind tunnel data is a good guidance for those who are
researching and designing high-lift devices aerodynamics. However the wind tunnel systems are too complex and
expensive. That is why these days many researchers and designers use Computational Fluid Dynamics (CFD). The
maximum lift coefficient is able to obtain in a reasonably short amount of time.2 Considering its capabilities 10—15
years ago, CFD has come a long way toward becoming a useful tool for the design and analysis of 3-D high-lift
aerodynamic systems.!® High lift selection also considered to simplicity of manufacturing and mechanism by
qualitative with some references of research by LAPAN and Weishuang in Ref. 11. While the earlier effort of high-
lift system design was mainly on enhancing the maximum lift, the later trend turned to reduce the complexity, weight
and maintenance costs for a given maximum lift level.'?

METHODOLOGY

High lift optimization is composed of 6 steps that shown in Fig. 1. This optimization consists the analysis of
aerodynamics using CFD. Computational Fluid Dynamics (CFD) is becoming increasingly popular in the design and
optimization of devices that depend on aerodynamics.'4

Step 2. Step 3. Selection
Step 1. 2D Models . Aerodynamics . High Lift Devices

Creation

Analysis 2D Models Type
Lift <
MTOW
Step 6. Performance A rS’;E[:\S. i Step 4. 3D Model
Check STeTynanics Creation

Analysis 3D Models

FIGURE 1. Methodology Steps for Optimization High Lift Devices

Step 1 consists of the creation of 2D models for some types of flap with the airfoil. The CFD analysis to get the
aerodynamic performance needs the geometry first. The 2-dimensional analysis should be done for high lift device
selection to get an efficient time from 3D calculation. Step 2 consists of the CFD process of 2D models of the flaps.
The calculation must be done with a grid test before the calculation would be going. The grid test purpose is to
minimize the residual result from the CFD results compared to experimental tests such as a wind tunnel test. Step 3
consists of the high lift devices type selection process. This process depends on the analysis of aerodynamic
characteristics and also the complexity of the mechanism. The main purpose is to get a high-performance device with
a low effort of manufacturing. Step 4 consists of the creation of 3D models. This creation also including the no flap
configuration to know the characteristic without flap thus would be seen the different performance between no flap
and with flap configurations. Step 5 consists of the CFD process for the 3D model and aerodynamics analysis. In this
step also would be calculated the maximum weight that can be lifted by wing configurations. The looping calculation
is possible when the lift of 3D model does not meet the MTOW requirement at the defined stall speed, thus increases
the stall speed and begin with the 2D analysis. Step 6 consists of the performance check to know the takeoff and the
landing ground estimated distance, so it would be seen that the optimization affected by runway distance and would
be compared to the requirement which has been determined.
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IMPLEMENTATION

All steps have been implemented following the below section. In this paper, some steps were merged to easier for
analysis, such as HLD type selection contained in the CFD 2D Model and 3D model creation merged with
aerodynamic analysis 3D. All information and data would be presented in each section of this paper.

2D Model Creation

The flap-type which has a simple mechanism and suitable to UAV size is plain, split and slotted. Flap model
creation follows the airfoil FX 76-MP-160 that has been selected for LSU-05 NG wing airfoil. The chord length follow
the root size of the wing with 730 mm length and the model of selected flaps can be shown in Figs. 2(b)-2(d). It also
shown the model of airfoil without flap for comparison in Fig. 2(a).

(@) (b) (© (d)

FIGURE 2. 2D Geometry Model of Airfoil FX 76-MP-160: a. No Flap, b. Split Flap, c. Plain Flap, d. Slotted Flap

The length of all flaps are quarter from a trailing edge of airfoil 182.5 mm, this is a fixed parameter from the
requirement and should be determined so it can be comparable. And also the deflection of the flap has been defined
fixed at 30 deg. For slotted flap was built with an expansion of 63 mm in the backward direction and no change in the
vertical direction. The geometry generation is the first task carried out in the developed design framework.8 The
boundary area is quite larger than the geometry, it has 10 m x 6 m size with 3 m distance from the front, top, and
bottom layer. The mesh generation of the computational model is then carried out in the ANSYS Mesh."3 The
unstructured mesh was applied in this step with face sizing on the surface 1 mm and relevant -25%. This configuration
is the most efficient mesh considering to total element and simulation time that was confirmed by the grid test. Mesh
results can be seen in Fig. 3(a)-3(d).

(c) (d)
FIGURE 3. Generated Mesh for 2D Airfoil Model: a. No Flap, b. Split Flap, c. Plain Flap, d. Slotted Flap

CFD 2D Model

To process the calculation, the simulation parameter has been determined that can be shown in table 1.
TABLE 1. Simulation Parameter

Parameter Value
Air Density 1.185 kg/m?
Airspeed 15 m/s
Angle of Attack -15 to 20 deg with interval 5 deg
Air Pressure 1 atm
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An airspeed that used in this calculation is 15 m/s which still far from the requirement, this is the first assumption
parameter and can be changed if the lift generation is still low. If the lift generation was achieved at this airspeed, it
would be impacted by the runway distance to become shorter. The simulation is done with a variable angle of attack
to determine aerodynamic coefficients such as lift and drag. The streamline of the CFD result can be shown in Fig.
angle of attack 15 deg.

4(a)-4(d) that was collected at the

FIGURE 4. Streamline at Airfoils at AoA 15 deg: a. No Flap, b. Split Flap, c. Plain Flap, d. Slotted Flap
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FIGURE 5. Lift Coefficient vs AoA 2D Model
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FIGURE 7. Lift/Drag vs AoA 2D Model
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From the lift coefficient trend in Fig. 5, it can be seen that the slotted flap has the highest Cimax compared to the
plain-flap and split-flap at AoA 15 deg which is the value is 2.20. In Fig. 5, also can be seen Cr max of the plain flap is
the highest at the lower AoA 10 deg with the value 2.09. From this point, the decision was chasing the plain flap as
the high lift device type because it has the Cp max at the lower AoA, 10 deg. The 2D model has assumed that the span
of the airfoil and flap is infinite length, after did 3D model, the AoA of the stall condition will be expanded to the
higher AoA. And also it just has a slightly different with the Cr max of the slotted flap. From the drag coefficient in
Fig. 6, it can be seen that at 10 deg AoA, the plain flap has the lowest CD compared to all flap configurations. In Fig.
7 shown the CL/CD vs AoA that belong to aerodynamic efficiency, it is shown that plain flap has the highest efficiency
at AoA 10 deg between all flap configurations. Compared also with the manufacturing process and mechanism
qualitatively, the plain flap has simpler than slotted flap. The effort between the lift generation and the production of
the plain and slotted flap decided to chase the plain flap. Thus, the 3D model continues with the plain flap type.

Analysis for 3D Model

A 3D-panel method was used for this analysis, modeling the wake as a series of flat panels which extend ‘far
behind’ the wing.!” The 3D model geometry has been determined only for half wing configuration. This geometry
defined considered to the final fuselage and another component of aircraft that has not been determined yet, so the
aerodynamic performance belongs to the wing. Since the wing is the main lift generation of aircraft components, the
value of the lift coefficient assumed near the lift coefficient of the full geometry of the aircraft. To make the short time
simulation, it performed with a half section since the parameter just looked for lift and drag coefficient, therefore the
simulation could be done efficiently. The configuration is contained inner and outer flaps because the aircraft
configuration will be assembled tail boom to the wing. There are 3 geometries that will be done the simulation, the
wing configuration only without flap, wing configuration with flap and wing configuration with flap and flaperon that
can be seen in Fig. 8(a)-8(c). The 3D model also puts the flaperon as the additional geometry configuration for
prevention design while the lift generation of flap configuration in takeoff condition is still low. The 3D meshing
result has been performed that shown in Fig. 9(a)-9(c).

%

£y

(a) () (c)

FIGURE 8. 3D Geometry Model of Wing Configuration: a. No Flap, b. Plain Flap, c. Flap and Flaperon

FIGURE 9. Generated Mesh for 3D Model: a. No Flap, b. Plain Flap, c. Flap and Flaperon

In Fig. 8(a)-8(c) also shown the dimension of a chord length in the root and edge wing, length of flap and flaperon
slot. The dimension of an inner flap, outer flap, and flaperon itself has the gap 5 mm to the wing surface for all sides.
In Fig. 9(a)-9(c) can be seen the mesh modeling used unstructured mesh with additional inflation for all surfaces of
the wing. The streamline of the CFD 3D model result at AoA 15 deg shown in Fig. 10(a)-10(c).
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(c)
FIGURE 10. Streamline at Wing AoA 15 deg: a. No Flap, b. Plain Flap, c. Flap and Flaperon
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FIGURE 12. Drag Coefficient vs AoA 3D Model

FIGURE 11. Lift Coefficient vs AoA 3D Model
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FIGURE 13. Lift/Drag vs AoA 3D Model
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The 3D simulation parameter as the same as the 2D model. As can be seen in Fig. 10, the streamline becomes
turbulences behind the flap and flaperon which means there will be an additional induce drag caused by additional
high lift devices. The result of the lift coefficient (in Fig. 11) and drag coefficient (in Fig. 12) has been determined, it
can be seen that the maximum lift coefficient is higher than 10 deg as expected at 2D simulation analysis. The lift
coefficient is still going up referred to Fig. 11 and shown the curve would turn down at AoA around 20 deg, the
maximum AoA operation that defined from the design requirement is 15 deg, so the aerodynamic parameter taken
from AoA 15 deg. At this point, the drag coefficient of flap wing configuration has slightly different with no flap
configuration shown in Fig. 12. It was shown in Fig. 13 that the aerodynamic efficiency at 15 deg is slightly different.
The analysis of lift generation can be seen below. It has been determined followed Eq. (1) that taken from the lift
equation,

L :%,oSCLV2 (1)

With p for air density = 1.185 kg/m?; S for span area of the wing = 3.2175 m?; V for airspeed = 15 m/s. The MTOW
also has been calculated following Eq. (2) with g for gravity = 9.81 m/s%. Thus got the value of lift generation and the
ratio compared to the no flap configuration in table 2.

L

mMyrow = g )

TABLE 2. Lift and MTOW Calculation at 15 m/s and AoA 15 deg

Configuration CL Lift (N) MTOW (kg) Ratio (%)
No Flap 1.71 732.71 74.69 -
Plain Flap 1.88 807.48 82.31 10.20
Plain Flap and Flaperon 1.97 847.22 86.36 15.62

As shown in table 2, the plain flap configuration has fulfilled the MTOW requirement. The lift generation from
plain flap configuration has 7 kg tolerance from the requirement, so it could be considered the full aircraft
configuration since this analysis only performed at the wing level. A flaperon configuration was not required since
the flap configuration already meets the requirement.

Runway Performance Prediction

The distance of the runway has been calculated referred to the aerodynamic parameter such as lift and drag
coefficient from the CFD result of the 3D model wing with plain flap configuration. The calculation formula is taken
from Ojhal consist the performance of the takeoff and landing phase of the aircraft. All data were given as shown in
table 3.

TABLE 3. Takeoff and Landing Data

Parameter Symbol Value
Wing Span Area S 3.2175 m?
Engine Power P 15 hp
Propeller Efficiency Ny 85 %
Maximum Takeoff Weight Myrow 80 kg
Maximum Landing Weight My 75 kg
Maximum Lift Coefficient CLmax 1.88
Drag Coefficient at Cj 4y Cpm 0.18
Stall Speed Vs 15 m/s
Average Deceleration d 0.55g
Approaching Angle Yap 5 deg
Surface Control Height hsc 15.24 m
Air Density p 1.225 kg/m?
Dynamic Friction Coefficient u 0.8
Gravity g 9.81 m/s?
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Takeoff

In this phase, there were 4 steps that should be analyzed: ground roll, rotation, transition and takeoff climb that
shown in Fig. 14. According to table 3 as the parameter that known for calculation. Thus, following the Eq. (3) got
the result of takeoff runway distance,

V=0

=<
--—--- <
~—-=—=--~3

A

1
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i e
. -
SRS ST
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L 9 L
e 1

FIGURE 14. Characteristic Distances of Takeoff Phase!
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with xg, 7, for the takeoff runway distance; x, for the ground roll distance that can be determined following
Eq. (4); x5 for the rotation distance that can be determined following Eq. (5); xp, for the transition distance that refers
to Eq. (6); and x¢; 1, for the takeoff climb distance that defined from Eq. (7).

WorowVi,” _
Xg = %V;L {F -D - IU(WMTOW - L)}VI:OJVLO )
X =V, tr (6))
Xp =R, smy, = VLZO sin (6)
0.15¢
Xar = (hsc = hy, )/tan Ya @)

In Eq. (4) should be determined the weight of MTOW Wy o, lift off speed V;,, (assumed 1.15Vy), thrust force
F, drag force D and lift force L. Thus, got the ground roll distance value, x, = 10.14 m. The rotation time is assumed
3s, thus got the value of rotation distance following Eq. (5), xz = 50.22 m. In Eq. (6) should be determined the angle
of climb y; that was referred to Eq. (8) and also need to check the transition height hr, following Eq. (9),

Ya = :2) | 1 (®)
C NP ronVewn)]  |(0.866E,,)
y2
hy, =(1=cos 7, )( o IL;gJ ©

with Vo = {(Wyrow/(p-S)}/*{K /3Cpo}*/*, where K and Cp, were got from interpolated equation of relation
between Cr and Cp that obtained from CFD result with the basic equation Cp, = Cp, + K.C#, thus got Cp, = 0.048
and K = 0.037. And also need to determine maximum efficiency, E,, = {2(KCp,)}~1. Then got the climb angle,
Yca = 0.755 rad. Eq.6 can be used if hy, < hge, thus check the value of transition height which following Eq. (9),
thus got the transition height, hy,. = 51.81 m. While the transition height is larger than surface control height, then
the transition distance following Eq. (10),

h

Ssc

Xg

13

= (10)
tany,,
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with the angle to reach surface control height, ysc = (hge/hrr)Vci- Thus, from Eq. (10) got the transition distance,
Xy = 67.49 m. Since the transition step was reached the surface control height, so the takeoff climb distance x¢; 1,
was negligible. From the Eq. (3), the runway distance regarding to the takeoff performance is xzy, 7o, = 94.11m =
95 m.

Landing

Landing is called the slowed-down movement of the plane from the moment of flight at the height of 15 m to the
full stop or speed of taxing. The performance of landing has been calculated following Eq. (11). Landing phase is
similar to the takeoff, it has 4 steps such as approach, flare, rotation landing, and ground landing that can be seen in
Fig. 15,

hgc % Vg Vgt V=0
\ I
!

I I
| f
I |
1

—t— —-’!

i
—— .
) ~N NN SN
D C B, " A 0
X X X X
1 Ap J 1 RLa g.la
y Ny + o +|

FIGURE 15. Characteristic Distances for Landing Phase'

1
wa,La = E (xAp + x_/' )+ xR,La + xg,La (1 1)

with Xg,, 1 for the landing runway distance; x,,, for approach distance that can be determined following Eq. (12); x¢
for the flare distance that can be determined following Eq. (13); x 1, for the rotation landing distance that refers to
Eq. (14); and x4, , for the ground landing distance that can be defined from Eq. (15).

x,, =th, —(1—cosy, R, }/tany, (12)
X, =R, siny, (13)
Yo = Vil g 1a (14)
X, =Ve/2d (15)

The flare radius, Ry = {VAZp /(0.08 g)}, the touchdown speed Vyg = 1.15V,,, and the approach speed
Vap = 1.3Vg 4, while the stall speed approach, Vs 4, = [2Wy 1w /(pSC L,max)]l/ 2 thus the distance of approach, flare,
rotation and ground landing phase are: x4, = 155.59m; x; = 37.26 m; xp;, = 48.61m; and x4, = 24.33 m,
respectively. From the Eq. (11), the runway distance regarding to the landing performance, xg,, 1, = 169.36 m =
170 m. The runway of the landing phase is larger than the takeoff, so the runway prediction from the wing with plain
flap configuration can perform at 170 m runway which is within the requirement.

CONCLUSIONS

Optimization of high lift for UAV aircraft has been done with selected high lift device type that considering the
value of lift generation from 2D CFD analysis and the simplicity of the manufacturing and mechanism. The
performance of this optimization has also been checked with the takeoff and landing analytical calculation which some
parameters got from CFD analysis of the 3D model of wing configuration. As a result, the optimum high lift devices
that can be used for UAV LSU-05 NG is a plain flap which applied for both inner and outer flap in the takeoff operation
at 15 m/s. This configuration has been checked to its performance with the result of runway distance 170 m which is
appropriate to the requirement of LSU-05 NG. This configuration could generate the lift for maximum takeoff weight
82.31 kg that 10.20% higher than wing configuration without flap.
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This research would be excellent completed while it validated by a full configuration of aircraft and wind tunnel
tests. At present, wing analysis is enough considering the lift generation of the aircraft mainly contributed by the wing.
If there was applicable at the full configuration, the drag force will be increased significantly, but the lift force just
slightly increased, this would be affected by the runway distance to become shorter due to the drag variable was
increased.
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