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In that section, most of the lift forces are
generated on the airplanes. The aerodynamic performance produced by the wing greatly
determines how optimal the cruising range of an aircraft. To improve the performance of the
wings, researchers have been competing to make wing modifications of an aircraft. One
modification that is used at this time is by adding end wall which is often referred to as a winglet.
Winglets function as a barrier to fluid flow jumps from the lower surface to the upper surface,

One type of winglet discussed in this study

This fluid flow jumps is often called as a tip vortex. .
dy took wing objects on unmanned aerial vehicle with numerical
- SST. The freestream flow rate

is the wingtip fence. This stu _
simulation using Ansys 19.0 software with turbulent model k
0%) and 45 /s (Re = 1 X 10%). The angle of attack used are

to be used are 10 m/s (Re =234 X 1 '
(a) =0°,2° 4°, 6, 8°, 10°,12°.15°, 17°, and 19°. The wing model is an Eppler 562 (E562) airfoil
with and without a winglet. From this study, it was found that wing aerodynal.uic performance
with Eppler 562 (E562) airfoil was higher at Re = 2.34 x 10%. Delay qf the stall is more effective
at Re = 1 x 10° compared to the Re = 2,34 x 10*. But, the aerodynamic performance Re = 234x

10% better than Re =1x 10°. Keywords: airfoil, Eppler 562, tip vortex, winglet, forward wingtip

fence, rearward wingtip fence

Abstract. Wings are a very important part of aircraft.
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[1] analyzed the aerodynamic characteristics of multi-winglets that were applied to light aircraft. These
winglets have demonstrated the potential for increasing aircraft aerodynamic efficiency by reducing
induced drag. This experimental study focused on the half body wing model at Re = 4 x 10% with six
different multi-winglet configurations. The maximum aerodynamic efficiency improvement for the lift
coefficient is 7.3%. Performance analysis was also carried out to reveal the potential for a 12% increase
m.the maximum climbing ratio. Winglets have led to a significant increase in performance parameters,
with a gain of 7.3% in maximum aerodynamic efficiency or 11% in the best conditions. The maximum
rate of climbing factor is also increasing by 12%. Analysis in this study also showed a significant
reduction in the intensity of tip vortex.

[2]used the NACA 0012 airfoil and blended winglet with several cant angle variations. This numerical
study uses the k-0 SST turbulence model, Courant Friedrichs Lewy Number 1.0, turbulent kinetic
energy and an average specific dissipation of 0.8, Vit = 55.5 m/s with a turbulence intensity of 5%.
Cant Angle selected are 0° (without winglets), 15°, 30°, 45°, and 60° and & = 0°, 2°, 4°, 6", and &. Cant

angle 60° gives better Cy. but also higher Cp. Cant angle 15° provides a good Ci/Cp distribution. It can

happen because of the profile drag which is the effect of the viscosity and surface roughness. It is

happens also in the pressure drag that occurs at th
the wing,

[3] use NACA 4412 airfoil type sweept back wing W
winglet, and 900 winglet. This simulation study uses the Kw model, steady-state, and velocity inlet of

50 m/s. Winglet cant angle 30° gives better performance on & = 2° due to changes in overal! flow and
variations in the drag coefficient. This simulation study shows that by increasing the design of the
winglet, with the correct cant angle variation, it can reduce the induced drag caused by vortex on the
wingtip.

(4] gsﬁarched a numerical simulation on the E420 airfoil on the ATLAS TV UAV wing with Re = 10° -
3 x 10%. The consideration for choosing an Eppler in type airfoil is because 1t has Low Re airfoil, smooth
trailing edge stall, and high lift characteristic and high thickness. In this study, it was found that tl:e
addition of winglets can reduce drag coefficient by » 89% and increase aerodynamic perforwance by 80%

nl . o —
ow angle of attack and 22% in operational regions - mamonly used by UAV so that
speed used refers to the research

e front of the airfoil but is not same with the rear of

ith blended winglet on the normal wing, 300

This research will compare the minimum speed and maximum s_peed
ﬁ;f-lr effects on aerodynamic performance aré known. The maximum
of [5].

i ing Ansys 19.0 software. To produce data
£ g e i ydence grid analysis is performed.

: id density an indepen i
that is more accurate and does not depend o(tllef:'lnc: 1?11?(;13:) $CFD%aICMatiom g oot infhuenced by
is was carried out usmng SIX

Grid independence is a conver luti
i gent solution _ 4 analys
the size of the cell meshing. In this study, the' indep ezd:tz;in?ﬁom nz:eshing A to F meshing, which

different types of meshing with increasing dhin vl g alo seen B A ere in
del ;7vhich has the value of y+ < 5. For all values of drag
Re=1x10°) witha=0° 20 4°,

th?ﬂ obtained an error value from each mes
g::s ﬁsi“‘d}' the turbulence of the k- SST ‘;IIO e e ]
efficient (Cp) and y+ has been tabulate in Table 1.
o ghe flow velocity to be used is 10 /s (Re = 23‘; xuls(():) and 45 m/s ( .th forward and rearward
»8%,10°, 12°, 15°, 17° o Winglets that will be usec. d used is 20 cm.
Variations, Re)};jlc’isllzluz:::gelrgis detl:rillined by chord. In this case&ittlil;i:?lih of the chorc us The test
1gure 1 represents the domain simulation bmm‘_iafy con hout a winglet attached to the tip in
SPecimen is in the form of an Eppler 562 tyP® airfoil with and withou a e nodeling limensions in
the form of a wingtip fence as shown in Figure 2 and the dimension®

Figure 3 [6],

2. Methodology
In this study numerical simulations o
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Figure 3. Modeling dimensions and background conditions [6]

The use of CFD application requires data accuracy in the post-processing and pre-processing steps.
The grid independence step is needed to determine the level, the best and most efficient grid structure
so that the modeling results are close to true. To get more complete information on the area around the
wall, it requires the calculation of y+ on each meshing. The y+ calculation is based on the flat plate
boundary layer theory calculations [7].
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_ In addition to the calculation of y+, the inflation layer uses a quadrilateral meshing type so that
information around the wall is more accurate. For the calculation of fewer cell numbers, the area far
from the wall will use meshing type tetrahedrons.

Table 1. shows the meshing variations of the three dimensional independent test grid model at the
2.34 x 10* Reynolds number. In this research, in order to get the good results, the y+ used y+ <1 as was
done in the Kontogiannis research [4]. Based on table 1. The smallest Cp value occurs in Meshing C.
Besides, One of the considerations in conducting numerical simulations is the time and memory used,
then the meshing used for subsequent simulations is Meshing C.

Table 1. Analysis of the E562 model-independent three dimensional grid without winglets

Meshing Type Cells Number  Inflation Layer Co y*  Skewness Average

Meshing A 367075 40 0,86 2,1 0,346
Meshing B 469620 40 0,88 1,4 0,347
Meshing C 569233 40 0,90 0.8 0,343
Meshing D 685063 40 0,92 2,1 0,334
Meshing E 768003 40 0.90 0.8 0,351
Meshing F 875962 40 0.91 1.4 0,348

3. Result and Discussion

3.1. Drag Coefficients Analysis ) .
Winglets will increase the drag coefficient, especially the increase in drag pressure compared to viscous

drag. Adding winglets to the wings increases skin friction drag. However, the role of drag pressure is
far greater than viscous drag as research by [8]. In this study, it was seen that the drag coefficient
produced by plain wing equipped with winglets was always higher than plain wing at 10 my/s (Re=2.34
x 10%) and 45 m/s (Re = 1 x 10°). The effect of reynolds number is also seen n this study where an
increase in reynolds number will increase the value of drag. This can be seen in Figure 4 vyhere the
reynolds number 1 x 10° is higher than Re = 2.34 x 10%. However, the influence of geometry 1s seen at
a high angle of attack both at 10 m/s (Re =2.34x 10*) and 45 m/s (Re = 1 x 10°). At the rearward wingtip
fence, there is a visible increase in the drag coefficient at a = 15° while in the forward wingtip fence
there is a decrease at a = 17°. This is due to the influence of the geometry of the winglet shape. Allegedly
induced drag affects the increase in total drag as well. Induced drag is part of the elevator, which means
that as long as the lift is still there the Induced drag will remain. Indpced drag cannot be 1"uled out, neither
can an elevator. Lift and induced drag can be affected by the physical construction of aircraft wings, for
ts of this study were compared with the [5] study. [5] uses

example aspect ratio dimensions. The resul . . :
Re=2,358 x 10° and y+ at intervals of 5 <y+ <30. The picture shows that the resulting drag coefficient

is higher both on the plain wing and on the wingtip fence.
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Figure 4. Comparison of the total drag coefficient (Cpr) to a on plain wing and winglet

3.2. Lift Coefficients Analysis . _ .
From these lift coefficient results, it is calculated to get the stall angle. Observation of the hf:t coeﬁim.em
inglets. As an initial reference in analyzing

is done by 3D simulation for plain airfoil and airfoil using win; il 1 al
the lift coefficient so that it can be seen influence of the Reynolds numbers variation and the addition of

winglets, then a simulation of the plain airfoil is performed first. Figure 5 shows the graph of the
relationship of Cy. to « for plain airfoil E562 with freestream speeds of 10 m/s (Re=2.34x 10%) and 45
/s (Re=1x 10%).

In Figure 5 it appears that the lift coefficient inc
that using the wingtip fence can delay stalling. At
12° as in [5] while the addition of fence stall wingtip occurs at a =15°

=17° for forward wingtip fence. i .. e 1

At plain wing Re = 1 x 105, a stall occurs at a = 15° while the addition of wingtip fence a stall occurs at
o= 12° for rearward wingtip fence, and a =19° for forward wingtip fence. The lift coefficient produced
in this study is lower than that of [5]. However, it appears that the stall delay in this study resulted in a

better angle of attack.

reases with increasing angle of attack. It can be seen
the plain wing Re =2.34x 10, a stall occurs at a =
for rearward wingtip fence and a
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Figure 5. Comparison of the lift coefficient (Cy) to a on plain wing and winglet

T —
pin aerodynamic performance can be seen in the
e sur?ang Ol;lel‘s due to the ‘eﬁ'ecnve area of the wing better
wing, If thece of the wing conmbute to reducing effective area an
Figure 6, s} winglet can funqt:on effectlvc?ly, it can hold the tip vortex. .
of attagl. Ilows the ratio of hft.tg drag ratio (C;/Cp) ona plain wing aud‘wﬁh a \_vmglet at several angles
ey w1t §hown that'the addition of winglets will increase the coefficient of hﬁ @d show a trend ﬁ'.lat
fre estreas Wl“h increasing angle of attack. Figure 6. alsq showed that the addition of winglets with
whigi t]‘n 0 /s (Re = 2.34 x 10%) would improve effective wing performance at a = 6° atsth.e forward
) p fence and a = lp° at the rearward wingtip fence. At freestream 45 m/.s (R"e =1 x 10°) it shows a

ase in aerodynamic performance both on the plain wing, forward wingtip fence and rearward

‘OVingtip fence.

C(:lll the forward wingtip fence freestream 10 m/s (Re = 2.34 x 10*) results in higher performance
pel.;pared to other wing geometries at a = 6° while the rearward wingtip fence pmdu_ces a better
ormance at @ = 10°. Aerodynamic performance on freestream 10 m/s (Re = 2.34 x 10%) is also better

th
an [5] research on both the plain wing and wingtip fence.

he C1/Cp comparison image. Increased C/Cp can
or reduced drag. Tip Vortex from the
d also increase the induced drag of the
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Figure 6. Comparison of the lift to drag ratio (C /Cp) to o on plain wing and winglet

rom the ¢ . N .
Re}’lml i lisul[t)s of numerical simulations that have been carried out about the effect qf v?n?nons n
concluded ﬂun er and geometry on the characteristics of fluid flow through the E_5_62 a1rf01.l, it can lIJe
- at the use of winglets can improve wing performance but also the addition of winglets will

d that the use of

Mcrease dr:
) a ) ; e
g as the angle of attack increases. From numerical studies it was foun

Wlllglets c .
o Wi ailll Pdel‘lce several flow characteristics, namely: , &
Icreasing Reynolds number and angle of attack will increase drag coefficient and I

coeffici : . .
icient. A higher Reynolds number increases a higher drag and a higher Lift o
higher than the plain Wing.

= T .
Tﬁ?sl;;i)gi winglets Pl‘Odl.lces a drag coefficient and a lift coefficient

*  With the y i forWﬂl:d “'}ngtip fence and rearward wingtip fence P
at g = 120 Se} ey winghp fence, it can delay stalling. At plain wing Re = 2.34x - » S R o foe
and ¢ = 17? hile the addition of a fence stall wingtip occurs at o = 15° for rearward wingtip

° At the pla; fOl: forward wingtip fence. B e wingtip fence
stall Ocp a‘m wing Re = 1 x 107, the stall occurs at &= 15° while the addition olf the Wl?g;ell)me

® Inthe lCIIJs at a = 12° for the rearward wingtip fence and o = 19° for the forwzsu d}\‘vmg3 Estreaxﬂ @
/s ( R:;S_i gf;;mgllgg& stall delays are better at freestream 45 s (Re=1% 10°) than

’ l odyr X ) 5 m/s
Rl: f; odyn R performance produced by the addition of winglet geometry at fzesei‘:/zaz}; : . Dlﬂ/x
10%), thexai? ()ils 10"_\"31‘ than freestream 10 nv/s (Re = 2.34 x 10%). At ht‘:fslt;f:m

® odynamic performance of plain wing 18 better than using wif(g)mmnce 1t = 6 at the

Adding ;i

fm“::l% ‘\’:rlflglgts in freestream 10 m/s (Re = 2.34 x 10°) improve; o

10% ¢ Shm::lgtlp fence and a = 10° at the rearward wingip fence. e

and req g decrease in aerodynamic performance both on the plain Wing. i
tward wingtip fence. However, the forward wingtip fence improves P

Compar :
Pared to plain wing.
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