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ABSTRACT

Research on aircraft morphing has exploded in tegears. Morphing aircraft have the ability to &ety adapt
and change their shape to achieve different missiefficiently. Materials advancements have helpedincrease
possibilities with respect to actuation and, herealiversity of concepts and unimagined capalslitiem general, a
conventional aileron on an UAV wing can reduce dkeodynamic efficiency due to geometric discontinudn the other
hand, the aerodynamic performance can be improyedsing a shape-morphing aileron wing instead sieparated
aileron. Two dimensional computational studies weagried out for various angles of attack with eliént aileron
deflection angles at constant Mach number 0.1 @th Imorphed wing and un-morphed wing and got 1gl®naximum
average increment in//Cy using morphed aileron wing. Increment ifiGg results increase in range of UAV flight and

reduction in fuel consumption. And also discusséelhaaspects related to the physical aileron magpliechanism.
KEYWORDS: Aileron Morphing, Aileron Morphing Mechanism, Aerngthmic Characteristics

INTRODUCTION
Morphing Mechanism

Morph can be defined as “to cause something togdhés outward appearance”. Each aircraft todayahasng
that matches the purpose for its use. The inspirdtir the concept of morphing wings comes frondirAs contradictory
as it may seem, nature is much more far aheaceieffiectiveness of flight that any other man maderaft found today.
Birds are able to adapt their wings to the condgithat need to be met at the time. Many of theareh in the aircraft

industry are looking for the development of anaficwing that is able to mimic this kind of abylit

An airplane with this kind of technology would bel@to perform different roles that may seem paxadd at
first. A commercial plane with this technology cdule able to adapt its wings for high lift durirekeoff, extend them
fully for optimum cruising, fold them lightly for féicient descent and change them back to high fbft landing.
The advantages for this kind of technology areeajimitpressive and would allow aircraft to get thestrefficiency during

flight as well as its adaptability to harsh envimants.
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Figure 1: Shape Morphing Wing
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OBJECTIVES
The main objectives of this paper were as follows:
e To maintain a high L/D during cruise, implementiigeron morphing
e To reduce fuel consumption, implementing sweep aBisim
» To carryout computational studies on Aileron monghand variable sweep morphing.
» To determine whether the implementation of the rhimgp wing system is economically feasible.

MODEL SELECTION
Aircraft Determination
Once the baseline aircraft requirements and cageigochosen, hobby websites are searched for #irtrat

would meet the project requirements. The list @tharrowed down to Calmato-40 Nitro Airplane.
Selected Model Specification
The specifications of selected model as follows:
» Body: Balsa wood
* Wingspan: 61 in/ 1550mm
 Wing Area: 42.3 square dm
e Length: 55.1 in/1400mm
*  Weight: 2440-2660gm
» Engine: 2 cycle 40-55 size
The selected model includes landing gear, fuel,tant ratio control.

AILERON MORPHING
Introduction

The maximum achievable lift-to-drag ratio (L/D) anuise flight is a very important performance pagten
It can be defined as

L/D=C L/CD (1)

The lift-to-drag ratio also has a significant effen a UAV flight range as given in tHgreguet equation for

constant velocity and lift coefficient

e W,
Range = ——LIn—2
cCp Wi

)

Where, V is the velocity, c is a constant; 3Nk the take-off weight and M p is the landing weight. Since (Cp
is directionally proportional to the range, an emse in the @Cp will cause the range of the UAV to also increase.

It has been acknowledged that morphing wing teduwlhas the potential of increasing the aerodynasfiiciency
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(L/D ratio).
Aileron Morphing

Varying the camber trailing edge in a wing can hbeeeficial properties for the control of an airtiich as
during take-off and landing when the lift distrilout along a wing is required to dramatically chan@giéerons provide roll

control for conventional aircraft. Ailerons mustdgpropriately sized and located to ensurecsent roll control.

If we use conventional aileron, there will be a metrical discontinuity. Due to this geometrical atistinuity
which causes profile drag. If it is avoided, we gt better performance characteristics. This [Eexed by applying

aileron morphing.
Working

The prototype is shown in Figure where the SMAmggiare fixed at one end to the wing box towarddehding
edge of the aerofoil while the other end is attddlamgentially to a rotating cylinder fixed to thieron. In order to produce
rotation of the aileron in both the upward and deard directions, the springs are arranged in areuppd a lower layer.
An applied current is used to produce heat whiahirotled the spring actuators. The electrical poisecontrolled by a
three-way switch which is used to control the eleat power that provided three possible settimgsrent delivery through
the upper layer of springs (aileron deflection up)rrent delivery through the lower layer of spen@ileron deflection
down), or no current supplied (power-off/standbifie two critical design considerations that aredute evaluate the
feasibility of the smart actuation system are SMAtenial response time to heating and maximum fortdhe aileron

during a simulated flight.

Figure 2: Working Mechanism
Analysis

Conventional and morphed NACA 0012 aileron airfeimeshed using GAMBIT and then solved using FLUENT
at various angle of attack for different flight ctiton. This analysis has done for both conventicaieron wing and

Morphed aileron wing for comparison of results.

Far field
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Figure 3: Mesh Creation in GAMBIT
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far-field

(a). (b)
Figure 4: Meshed Airfoil Window in GAMBIT (a) and F luent (b)

Mach number = 0.1, Gauge Pressure = 101325 Pgsedl,4, Viscosity = 1.789*1bkg/m/s, Temperature = 300
K, Enthalpy = 2464.245 J/kg, Density = 1.176674nkg/Aileron clearance: 0.02C. Typical Un-morphed, pied

aerofoil and ¢, Gy calculations are shown in figure 5 and 6.

Figure 6: Un-morphed Aileron Deflected 25 Degree Don

C. and G are calculated for different aileron deflectiordéferent angle of attack of wing for both conviengl

and morphing wing. The values of &nd G for variousa (in degree) are tabulated below.

Table 1: Conventional Wing with Aileron Deflectionof Zero Degree

C. Co C./Cp
-0.00213| 0.02544 -0.0839
0.30183| 0.03216 9.3841
0.56244| 0.05374 10.4654
0.74328| 0.08848 8.3998
0.87596| 0.14004 6.2550
0.96523| 0.20141 4.7922

o
HIQ|olo|wlol.
W\JUINN\‘

Table 2: Morphed Wing with Aileron Deflection of Zero Degree

C. Co C./Cp
-0.00221| 0.02482 -0.08903
0.31611| 0.03098 10.20089
0.58373| 0.0532¢ 10.95813

D
y
b

0.76070| 0.08732 8.7110
0.88728| 0.13562 6.5419
0.97837| 0.19862 4.9257

e
HIk|olo|wiol:

Table 3: Conventional Wing with Aileron Deflectionof 5 Degree Up

o C|_ CD c:L/CD
0 | -0.26239| 0.03137 -8.3635
3 | -0.00165| 0.0352(0 -0.0471

@3]

o
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6 | 0.24112| 0.04040 5.9680
9 | 0.43320| 0.07167 6.0437
12| 0.58163| 0.11658 4.9888
15] 0.66510| 0.16003 4.1304

o= o =

Table 4: Morphed Wing with Aileron Deflection of 5Degree Up

C. Cp C./Cp
--0.21927| 0.02816 -7.7849
0.01737 | 0.03310 0.5248
0.26396 | 0.03943 6.6936
0.44909 | 0.06462 6.9488
0.59513 | 0.10532 5.6503
0.67463 | 0.15830 4.2616

e L
U.INOOOOOQ
00 OT O OT Oy

Table 5: Conventional Wing with Aileron Deflectionof 5 Degree Down

C. Co C./Cp
0.34235| 0.03214 10.64963
0.63863| 0.04630 13.79270
0.84998| 0.07469 11.37940

3
L
b

0.97201| 0.09386 10.3554
0.98022| 0.1886% 5.1959
0.96112| 0.24016 4.0019

el
HIK|lolojwo

Table 6: Morphed Wing with Aileron Deflection of 5 Degree Down

C. Co C./Cp
0.35094| 0.02864 12.24940
0.65176| 0.04242 15.36224
0.86423| 0.0713% 12.11156

5
D
i

0.99893| 0.0910% 10.9705
1.00221| 0.16892 5.9330
0.98716| 0.22217 4.4432

el
HIS|olojwos

Table 7: Conventional Wing with Aileron Deflectionof 10 Degree Up

C. Co C./Cp
-0.58242| 0.01699 -34.27290
-0.27169| 0.03299 -8.2349
0.00453| 0.03537 0.12824
0.19574| 0.05020 3.8986(
0.42974| 0.07868 5.46166
0.59016| 0.12340 4.78218

\"2)

el
HIS|olojwos

Table 8: Morphed Wing with Aileron Deflection of 10 Degree Up

C. Co C./Cp
-0.45106| 0.01469 -30.70560
-0.22409| 0.03051 -7.34490
-0.08684| 0.03299 0.63187
0.02084 | 0.04759 4.2937(
0.48646| 0.07807 6.2308(
0.62145| 0.12091 5.13964

el
HIS|olojwos

www.iaset.us

27

edit@iaset.us



28

Table 9: Conventional Wing with Aileron Deflectionof 10 Degree Down

Table 10: Morphed Wing with Aileron Deflection of 10 Degree Down

Table 11: Conventional Wing with Aileron Deflectionof 15 Degree Up

Table 12: Morphed Wing with Aileron Deflection of 15 Degree Up

Table 13: Conventional Wing with Aileron Deflectionof 15 Degree Down

Table 14: Morphed Wing with Aileron Deflection of 15 Degree Down

Impact Factor (JCC): 2.0445

o C|_ CD CL/CD

0 | 0.63986 | 0.04032 15.86606
3 | 0.91224| 0.05762 15.83095
6 | 0.98962| 0.09103 10.87036
9 | 1.158659| 0.15069 7.68878
12| 1.149762| 0.20068 5.72918
15| 1.05289| 0.27823 3.783837

o C|_ CD CL/CD

0 | 0.65218| 0.0381% 17.09498
3 | 0.92038| 0.05677 16.21023
6 | 1.08558| 0.08959 12.11719
9 | 1.17401| 0.13546 8.6665Y
12| 1.16616| 0.19060 6.11811
15 1.10709| 0.25140 4.40371

o C|_ CD CL/CD

0 | -0.92059| 0.05001 -18.40457
3 | -0.62358| 0.03589 -17.37246
6 | -0.27861| 0.03326 -8.3753%
9 | 0.04463| 0.04702 0.94914
12| 0.22596| 0.0723% 3.1232]
15] 0.38962| 0.12310 3.16493

o C|_ CD CL/CD

0 | -0.82610| 0.04832 -17.09365
3 | -0.56013| 0.03379 -16.57567
6 | -0.25074| 0.03248 -7.71783
9 | 0.04681| 0.0439¢ 1.06481
12| 0.24309| 0.06909 3.51851
15| 0.39613| 0.11013 3.59692

o C|_ CD CL/CD

0 | 0.92934 | 0.05698 16.30898
3 | 1.14896 | 0.07853 14.63034
6 | 1.22683 | 0.14238 8.61603
9 | 1.197888| 0.20436 5.8614[1
12| 1.13852 | 0.25385 4.4848G7
15| 1.11865| 0.32986 3.39124

C.

Co

C./Cp

0.94769

0.05401

17.54472

1.16266

0.07634

1.24042

0.12147

10.2110Q

O oOowoR

1.23191

0.18629

4

15.22940
3
D

6.6125
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12| 1.14402| 0.24439 4.6810
15[ 1.12997| 0.31656 3.5695

—~

+=

Table 15: Conventional Wing with Aileron Deflectionof 20 Degree Up

C. Cob C./Cp
-1.23685 | 0.08108 -15.25312
-1.04301 | 0.05301 -19.67356
-0.71285 | 0.04186 -17.02704

L
1l

-0.362865| 0.0435¢ -8.3298
-0.03588 | 0.06021 -0.59594
0.22302 | 0.08830  2.52553

(=
HIQ|olojwlols

Table 16: Morphed Wing with Aileron Deflection of 20 Degree Up

C. Co C./Cp
-1.19685| 0.07990 -14.9792
-0.99834| 0.05109 -19.53926
-0.68706| 0.04050 -16.961Q7

L
D

-0.33449| 0.0415% -8.0485
-0.03366| 0.05668 -0.5939
0.23558| 0.0861% 2.73426

(=
HIKS|olojwlo

Table 17: Conventional Wing with Aileron Deflectionof 20 Degree Down

C. Co C./Cp
1.16559| 0.07641 15.25431
1.34103| 0.11381 11.7821
1.41965| 0.1528( 9.2906
1.41865| 0.22598 6.2775
1.31658| 0.27732 4.7473
1.26583| 0.35296¢ 3.5863

o

el
HIS|olojwos
A AN A AR~

Table 18: Morphed Wing with Aileron Deflection of 20 Degree Down

C. Co C./Cp
1.17375| 0.07473 15.7058
1.35246| 0.10234 13.2152
1.43002| 0.14633 9.7725
1.42339| 0.20106 7.0793
1.32574| 0.2575% 5.1475
1.27002| 0.33129 3.8334

el
HIS|olojwos

Table 19: Conventional Wing with Aileron Deflectionof 25 Degree Up

C. Co C./Cp
-1.38552| 0.09863 -14.04755
-1.16597| 0.06820 -17.09405
-0.80673| 0.05567 -14.48944

6
B

-0.46363| 0.05207 -8.9026
-0.13968| 0.06098 -2.2905
0.14783| 0.08703 1.69844

el
HIS|olojwos
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Table 20: Morphed Wing with Aileron Deflection of 25 Degree Up

C. Co C./Cp
-1.24659| 0.09419 -13.23443
-1.04962| 0.06650 -15.783(C
-0.76286| 0.05353 -14.25042
-0.44455| 0.05044 -8.8134
-0.12341| 0.05969 -2.06723
0.15621| 0.08623 1.81145

[y

(=
HIKS|olojwo

Table 21: Conventional Wing with Aileron Deflectionof 25 Degree Down

C. Co C./Cp
1.33700| 0.10058 13.29272
1.48659| 0.12820 11.59525
1.48930| 0.17277 8.62009

5
L
B

1.33019| 0.2192% 6.0667
1.26126| 0.30080 4.1930
1.25942| 0.3725% 3.3805

(=
HIKS|olojwlo

Table 22: Morphed Wing with Aileron Deflection of 25 Degree Down

C. Co C./Cp
1.39219| 0.0946% 14.70766
1.51101| 0.12124 12.462Q08
1.48397| 0.17020 8.71858

V
D
D

1.36959| 0.15524 8.8220
1.29829| 0.28647 4.5318
1.28008| 0.36008 3.5550

el
HIQ|olowols

RESULTS AND DISCUSSIONS

The aerodynamic coefficients analysis are carrigdby fixing the aileron deflection as a constaot different

wing angles of attack at constant Mach numbersrdm the ¢ and G values of different conditions,

C./Cp values are calculated. The observation of maxinmerement in €/Cp using morphed aileron wing from

plots and corresponding wing angle of attack acevehin table 23.

Table 23: Observation of Maximum Increased ¢/Cp from Plots

Angle of Attack at Maximum
Which Maximum C,/Cp | Increment in C, /Cp
Difference Obtained @ Using Morphed
in Degrees) Aileron Wing
From figure 9 3 0.81672
From figure 10 9 0.90509
From figure 12 0 1.59977
From figure 13 0 3.56730
From figure 14 0 1.22893
From figure 15 0 1.31092
From figure 16 6 1.59500
From figure 17 9 1.28130
From figure 18 3 1.43316
From figure 19 3 1.31104
From figure 20 0 1.41494

Impact Factor (JCC): 2.0445 Index Copernicus Value (ICV): 3.0
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Maximum Average Increment in C_/Cp Using Morphed Aileron Wing=1.49674

The lift-to-drag ratio has a significant effect atJAV flight range (Range=f {JCp}). From the plots and table,
observed that the morphed aileron wing gives irsgda/Cp, ratio than the un-morphed aileron wing. Due taéase in
C./Cp, ratio, the range of morphed aileron wing UAV fligiiso increases. So, there will be reduction ef ionsumption

in the morphed aileron wing UAV compared with thremaorphed aileron wing UAV.
CONCLUSIONS

The aerodynamic coefficients of morphed ailerongrvémd un-morphed aileron wing are investigated singi
standard software packages GAMBIT and FLUENT. OletdiG/Cp values for Un-morphed aileron wing and Morphed
aileron wing are plotted with respectdaoWhen comparing the @Cp value, got 1.49674 as maximum average increment
in C./Cp using morphed aileron wing. Thus the morphed ailewing gives better aerodynamic coefficients thiaa
un-morphed aileron wing. Increment in/Cp will result increase in range of UAV flight anddtection in fuel
consumption. If the wing shape changes more smptitlen, the flow separation will be suppressed thiedaerodynamic
characteristics will be improved. MATLAB simulatiaand a prototype morphed aileron wing are planoef@hricate to

demonstrate the aileron morphing and variable simgef his will be investigated in our future study.
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Nomenclature
C, = Co-efficient of lift
Cp = Co-efficient of drag
a = Angle of attack
UAV = Unmanned Aerial Vehicle
SMA = Shape Memory Alloy
C,/Cp or L/D = Lift to drag ratio
S = Wing platform
M = Mach number
Re = Reynolds number
g = Dynamic Pressure
V = Velocity
d =Aileron deflection angle
y = Specific heat ratio
W0 = Take-off weight
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Wy anp = Landing Weight
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