’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 23950056

JET Volume: 11 Issue: 05 | May 2024

www.irjet.net

p-ISSN: 23950072

Numerical Analysis of Aerodynamic Characteristics of Aeroplane Wing
with Winglets

Md. Shahadat Hossan Sayent, Md. Mainuddin Sagar 2, Md. Rezwan Alam3, Dr. Abdullah Al -
Faruk 4.

13Research Scholar, Department of Mechanical Engineering, Khulnha Universitygih&ering & Technology,
Khulna, Bangladesh
2Research Scholar, Department of Mechanical Engineering, Chittagong University of Engineering & Technology,
Chittagong, Bangladesh
4ProfessorDepartment of Mechanical Engineering, Khulna University of Engineedngiechnology, Khulna,
Bangladesh

*k%k

Abstract - This effort examined the potential of winglets
on wings in aircraft br the reduction of induced drag
coefficient and the increase of lift coefficient without
increasing the span of the wings.
aerodynamic characteristics of an airfoil wing having

winglets have been studied with the help of simulation

softwvare ANSYS Fluent. Here, the dragefticient and lift

coefficient have been studied for different cant angles of

winglets on aircraft wing. For the effort, subsonic flow of air

will be considered over the wing. NACA 0012 symmetric

airfoil is considered dr the study. In this report, the pre

effort for numerical analysis of the using and performance
of winglets have been observed and also, the shape of th

In this study, the

leading edge,accompanied by a straight trailing edge,
often with upper and lower surface curvature symmetrical.
Foils constructed with water with similar function as the
operating fluid are called hydrofoils. A winglet is an almost
vertical extension to the tips of thex ET C8 4 EA
upward angle (or Cant), its inward angle (or toe), as well
as its size and shape are critical for proper performance,
and unique in every application.

Winglets help mitigate the effects of "induced drag.” Most
airplanes are designed sdhat the outer tips of the wing
are higher than where the wings are attached to the

duselage. This upward angle is called the dihedral and

wing andwinglets. From the study, it is observed that the lift N€IPS 0 keep the airplane from rolling unexpectedly

to drag coefficient ratio exhibits maimum values for wing

with 90° winglet. The values of CL/CD shows lowest values

for normal wing. In the case of wing with 30° and 45°

winglet, the values or curves seem similar with each other.

Blended winglet will increase lift coefficient about

during flight. When an aircraft is in flight, the air pressure
on top of the wing is lower than the air pressure under the
xE1T C8 4EAO080 xEU OEAOA
between the upper surface of the wing and the lower
surface of the wing causing a pressure gradient region.
That would result in the desired Ift which would help an

approximately 42% to 49% and reduce drag coefficients. ', _ ; S .
These winglet designs are capable of reducing the induced @rcraft to float in the air considering the required

drag and converting wing tip vortices to increase thrust, conseguences. A winglet is a vertical or inclined
saving costs by reducing fuel consumption, reducing noise attachment of the wing tips. Winglets make it easier for

levels and enhancing aircraft engingerformance.

Key Words: NACA, Aerofoil, Winglets, Lift Coefficient,
Subsonic Flow, Reynolds Number, Chord Length

1.INTRODUCTION

Wings are the most important and vital part of an
aeroplane which keeps the aircraft floated and steady and
also helps it to nove through a direction into the air
stream of surroundings. More than 100 years ago, aircraft
designers sought to improve the existing methodologies
for aircraft control.. An airfoil-OEADAA AT AUh
which moves through a fluid produces an aeroghamic
strength. The part of this force is called raise which is
perpendicular to the direction of motion. The parallel
aspect to the direction of free stream motion is called drag.
Subsonic flight airfoils have a typical form with a rounded

the wings to generate lift, which ensures the planes need
fewer input from the engines. Winglets has been used
extensively as they offer better fuel efficiency for the
aircraft.

Thewinglet transforms someof the otherwise wasted ene
rgy into anapparentthrust in the wingtip vortex. This
small contribution can be worthwhile, provided the
benefit offsets the cost of installing and maintaining the
winglets during aircraft's lifetime. The vortex that rotates
around from Mow the wing impacts the winglet's

cambered surface, creating certain angles with a push.
AAAsp thely &an @erfen tgi@duce the strength of the wing

tip vortex, which trails downstream of the plane. It is a
high risk for an aircraft to pass through these vortices, the
turbulent air can push the aircraft into an accident by
causing loss of control.
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In the 1970s, bidogists began to explore the flying
characteristics of soaring birds, such as eagles, hawks,
condors, vultures and ospreys. Each of these birds has
high lift wings at the ends that produce slotted wingtips
with feathers called "pin." Biologists find that he pin
feathers function in the same manner as aircraft ailerons
in reducing drag while gliding as well as in roll control. As
for the California Condor, these multwinglets are quite
often long and prominent. . He used small, nearly vertical
fins installed on a KEL35A and flight tested12 in 1979
and 1980. The winglet concept actually dates back to
patent in 1897, but not until Whitcomb investigated
winglet aerodynamics did the concept mature. Whitcomb
found that at cruising speeds, winglets could increse the

Houghton Error! Reference source not found. observed
that if a winglet is attached to a wing then it would
substantially reduce the flutter speed of the wing in
transonic Mach number. Therefore, the result of slide slips
on winglets is to produce increased loads similar to wing
loads due to angle of attack. Satran demonstrated the
static and dynamic stability and control and freeflight
behavior of a 0.36 scale model of a canard generaviation
airplane with a single pusher propeller andwinglets in the
Langley 30 by 60 feet wind tunnel. He consider the model
showing very strong dihedral impact but poor steering
stability. Analysis and design of wings and wing/winglet
Combinations at low speeds is done by ChattdError!
Reference source not found. who considered numerical

range of an aircraft by as much as seven per cent. A NASA treatment in Prandtl lifting zline theory of the non

contract3 in the 1980s assessed winglets and other drag
reduction devices, and they found that wingtip devices
(winglets, feathers, sails, etc.) can improve drague-to-lift
efficiency by 10to 15% if they are designed as an integral
part of the wing. Several types of improvements to the
wingtip have been patented in recent years. The tip6
"spiroid" wing creates a decrease in the induced drag,
comparable to that of a winglet. Although the wingips
may be eliminated by a closed lifting system, this does not
eliminate the trailing vortex wake. By eliminating the
discontinuity between the wing tip and the winglet, the
blended wingletl0 reduces drag. A smoothed version is
being used on the Boeing737-400's gently upswept
winglet. Boeing Business Jets and Aviation Partners, Inc.
have embarked on a cooperative program to market the
Boeing 7xx series of jetliners with conventional winglets
for retrofit.

2. LITERATURE REVIEW

In those early years, structual compliance techniques
were actively incorporated into aircraft structures as a
means of controlling aircraft with the most notable
technique being the ingenious "wing warping" used for
roll control by the Wright brothers Error! Reference
source not found.. The last 25 years have spanned
modern interest in winglets. NASA Langley Research
Center's Richard WhitcombError! Reference source not
found. first looked at modern winglet applications for
aircraft transport in the 1970's. Bourdin et alError!
Reference source not found., investigated a novel
i AGET A &£ O OEA AiT1T 06011 [ =
concept, a pair of winglets are consisted with adjustable
cant angle, attached at the tips of a baseline flying wing
and actuated independently. A vortex lattice modelis
computed and subsequent wind tunnel tests are
demonstrated the viability of the concept. Comparisons
are made to good agreement between the experimental
and numerical findings, with the main differences
assumed to be attributed to aeroelastic effects ahe wind
tunnel model.

linearity associated with a 2D lift curve, when the local
incidence is greater than the incidence of maximum lift. An
artificial viscosity term has been acquainted to the
governing equation that allows the iterative method to
converge to the correct solution. The effect of yaw has
been determined and the optimal wing/winglet
combinations have been found to have weathercock
stability.

Gall et al.Error! Reference source not found. examined

both theoretically and experimentally, the most likely
improving the aerodynamic characteristics of a biplane
configuration by adding winglets. A good agreement with
experiment in predicting inviscid drag due to lift is
exhibited by theoretical calculations. The ideal efficiency
factor is increased up to 13% as well as increasing the lift
curve slope and maximum lift coefficient.

A statistical study comparedthe biplane with animprove

d winglet to amonoplanereveals the biplane hasthe pote

ntial to increaseL / Dmaxby 6.4 per centand 13 percent

increase in CL 3/2 [/ CD , the classical endurance
parameter. Research by evolutionary biologists at the
Technical University of Berlin has also shown the
effectiveness of several slotted wings and shen how

these traits could have evolved naturally in birds by
gradually increasing wing performance. Their
evolutionary theory has been emulated in an aircraft
optimization algorithm developed by Kroo et al.Error!
Reference source not found. , which has discov®@ A A -A O+
wing configuration with a winglet and a horizontal
extension that shows reduced drag for fixed lift, span, and
Keighit OPEET C6 AEOAOAAEO8 ' 0O OEAC
Kroo et al. Error! Reference source not found. dealt
with the broad concept of nonplanar wings, which
includes winglets. They eamined a variety of aircraft
types, including winglets, nag wings, box wings and the
exploitation of non-planar wakes in general. Such designs
are of interest because of their potential for lower vortex
drag without increased span, a key constraint for man
aircraft. The Wright brothers exploited the structural
advantages of biplanes. At very low Reynolds number,
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highly cambered, thin sections, making the cable braced
Wright biplane concepts especially attractive. However,
Smith et alError! Reference source not found. figured
out that the adjustments of single winglets onto the
biplanes improves 13% in endurance, as well as increasing
the lift-curve slope and the maximum lift coefficient of the
vehicle. Jonathan Santos anticipated the innovation in the
current proposal in his patent on wingtip airfoils. Santos
realized that a sequence of winglets at the wingtips could
take advantage of the spiral design of the wingtip vortices
to increase a single winglet's efficiency. At the Cranfield
Institute of Technology n England, Spillman et akrror!
Reference source not found. carried out a series of
programs to investigate devices akin to the wing tip
AEOZI EIl Oh xEEAE EA AAlIIT AA
use of one to four sails on a Paris MS 760 Trainer aircraft
wingtip fuel tank. Flight test experiments confirmed the
wind tunnel tests, and demonstrated shorter takeoff rolls
and reduced fuel consumption. Spillman later determined
wingtip vortex reduction due to wing tip sails, and found
lower vortex energy 400700 m behind the aircraft,
although the rate of decay beyond that was somewhat
lower.

Hossain et aError! Reference source not found.
investigated about the aerodynamic characteristics for
aircraft wing model with and without bird feather like
winglet. NACA %3-218 airfoil is used in this regard. The
experimental analysis shows that a decrease of 280
percent in the drag coefficient and a 120 percent
increase in the lift coefficient by using bird feather like
winglet for angle of attack 8 degrees. Beechoak al.Error!
Reference source not found. found that the efficiency of
an aircraft is greatly affected by induced drag generated
by wingtip vortices. Winglets at aircraft wingtips, referred
to as vertical or angled extensions, are used to reduce the
creation of vortices to increase the fuel efficiency.

The objectives of the study were to analyze the
aerodynamic characteristics and to examine winglet
efficiency at cant angles 0 °, 30 °, 45 °, and 60 ° at different
angles of attack (AOA). The experimental workwas
carried out under conditions at sea level and frestream
velocity of 35 m / s in a closedoop wind tunnel. Using
Finite Volume Process, the CFD simulations were
performed at low subsonic flow rate in ANSYS CFX solver.
Cosin et alError! Reference source not found.
developed a multiwinglet study as a method for
minimizing induced drag in low-speed aircraft, based on
experimental observations of the Re= 4x105 wingpody
semimodel. A baseline and six other configurations of
different multi winglets were tested. The system resulted
in a gain of 32 per cent in the Oswald performance metric,
reflecting a 7 per cent increase in the overall aerodynamic
efficiency. Improvements were also made in the overall
climb average of 12 per cent and in the maximum range of
7 per cent. The pressure distribution was tested to

validate multi-winglet global and local impacts, showing
only a small impact of the unit on the wing filling. Also
conducted were structural investigations as well as wake
up surveys using a seveimole Ptot probe which revealed
significant changes in the flow field near the wingtip.

Mattos et alErrorl Reference source not found.
discussed some of the experience acquired in modeling
winglets for several aircraft types, varying from a business
jet and a 70Gpassenger twinjet airliner to an AEW&C
military  aircraft. Embraer's experience and the
widespread use of winglets in new aircraft designs allow
us to conclude that the old question about the feasibility of
designers adopting winglets is no longer valid. Istead a

Onew issge isG@meNntlydnipfage @@ thg ofitionfoiAlmeibgso A A

configuration of the wingtip unit. Pfeiffer et al. Error!
Reference source not found. introduced a procedure for
maximizing a winglet's orientation on a wing and included
the results of profile drag as well as the caused drag. The
method makes use of the performance from four potential
flow solutions well behind the lifting surfaces in the
Trefftz plane. The four alternatives are a reference, an
improvement in angle of attack, an increase inthe
winglet's root incidence, and an increase in the winglet's
tip incidence. Results for the case studied show small
differences in the incidences of root and tip between an
induced-drag-only solution and one which includes profile
drag. Himisch Error! Reference source not found.
investigated to demonstrate a tool for estimating the
aerodynamic effect of a design shift in a local wall. A
winglet was created for a specific configuration in the
illustration described. To choose the most promising
design, a lifing line approach was used to reduce the
amount of computation time taking into account the
specified structural boundary conditions. Since lifting line
methods are only capable of predicting the induced drag
effect, initial numerical simulations of the bae reference
geometry were used to understand some of the additional
effects, such as that of increasing the wetted surface area
by contrasting those numerical findings with the
established equations of a quadratic polar drag.

Myilsamy et alError! Reference source not found. found
that winglet wing generates higher performance in the Cl /
Cd ratio than standard wingletless aircraft. His
performance has been diminished up to a certain degree of
angle of attack and by increasing further to a higher angle
of attack. The concept of variable angle winglets under
investigation appears to be a promising alternative for
improving an aircraft's aerodynamic efficiency.

3. DESCRIPTION AND DESIGN
3.1 Theoretical Description:
Aerodynamics is an applied science which dealsith the

movement of air or something that moves in the air. It is
generally used for problem arising from flight and other
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topics involving with the flow of air. Aerodynamic forces
and moments on the body takes place due to two reasogs
1. Pressure distrbution over the body surface and 2. Shear
stress distribution over the body surface. Pressure acts
normal to the surface and shear acts tangential to the body
O0OOZAAAS
which is caused by the friction betveen body and the air.
The net effect of the pressure distributions and the shear
stress distribution integrated over the complete body
surface is a resultant force and moment acting on the body.
Lift and drag are the two components of this resultant force

If the flight speed is small compared with the speed of
sound, the changes in pressure which are generated by the
vehicle motion are small relative to the freestream static
pressure, and the influence of compressibility can be
neglected. Hence, the flow can be assumed as
incompressible. Streamlines converge as the
incompressible flow accelerates past the midsection of an
airfoil. The widening of the stream tubes near the nose and
the contraction of the stream tubes in the regions of
increased velocity lead to a progressive reduction in the
curvature of the streamlines. As a consequence, the flow
distortion is easily attenuated by distance from the airfoil.
In this study, the flow is considered as an incompressible
where the density of flow does not vary ith time in a flow
field.

The varieties of air flowing over the body surface can be
classified into several types such as 1. Subsonic flow 2.
Supersonic flow 3. Transonic flow 4. Hypesonic flow. In
this study, subsonic flow over the wing surface is
considered for low flight speeds where the Mach number
(the ratio of free stream velocity to standard air velocity) is
less than unity. Subsonic flow are characterized by smooth
streamlines (no discontinuity in slope).

Mach number less than 1 does not guaranéea totally
subsonic flow over the body. In expanding over an
aerodynamic shape, the flow velocity increases above the
freeOOO0AAI OAI OA j6Hq Al A E&E
then the local Mach number may become supersonic in
certain regions of the flow. t gives rise to a thumb law that
for subsonic flow over slender limbs, M denotes < 0.8.

Lift is mainly due to the imbalance of pressure
distributions between the upper body surface and lower
body surface of the aerodynamic shape. Specially, the
pressure of aerodynamic shape is lower on top surface
than lower surface which results in lifting of the object.
Aerodynamic flow over the airfoil or wing follows the law
of nature- continuity equation and momentum equation or
AxOT 160 3AATTA 1AX®I 1 EARAOA
flow velocity over the aerodynamic shape increases when
the static pressure decreases on the top body surface. On
the contrary, the flow velocity decreases on the bottom
body surface as the static pressure increases satisfying the
BernoO1 1 E 8 O ErtvE Befe@cé source not found. .

Thelift coefficient (CL) is adimensionlesscoefficient that
relates thelift generated by difting body to the fluid

__ P
Poo = o

here V"S is th
KOS 6,

density around the body,
associatedreference area. A lifting bdy is afoil or a
complete foil-bearing body such as &xed-wing
aircraft. CLis a function of the angle of the body to the flow,
its Reynolds numberAT A  Madb Oriumber. The lift

thefluid velocity and an

SEAAO OOOAOGO AOA Olcoefioef @ @fers © the Aydaniicl lifi charbcte@ticd of O O O

atwo-dimensional foil section, with the reference area
replaced by the foilchord.

Drag coefficient (CD) is a@imensionless quantitythat is
used to quantify thedragor resistance of an object in a
fluid environment, such as air or water. It is used in
thedrag equdionin which a lower drag coefficient
indicates the object will have
lessaerodynamicor hydrodynamic drag.

Lift Coefficient and drag coefficient are defined as,

- L

L %*pw*sz 888 j o8 P q
co_ D

D %kpw*Vooz 888 j o8 C q
Where,

L is the lift force in N, and D is the drag foecin N,*‘Qm is

the density of air in kg/m3, Veo is the free stream velocity
of air in m/s, c is the chord length in m, S is reference area
in m2. Using equations of state for perfect gas the air

density,fam kg/m3 is defined as,

8888888 j 080(Q

Where, P is theabsolute pressure in N/m2, T is the
temperatar® in &Kl dnd R is Ate 1g&sCcbnstdi of aihin
Nm/(kg) (K). Reynolds number is used to indicate
whether a fluid flowing around or through a body is
laminar or turbulent. It is the ratio of the inertia force to
the viscous force of a fluid flowing around some boundary.
Based on the chord length of an airfoil, Reynolds number
is defined as,

_ PooXVgXc

oo

8888 081

Moo

frei tteam velocity in m/s;He is the
&/'T:n 5(9)'(5) and c is the chord lengthn

m. The air viscosity Hm is determined using the
300EAOI ATA8O0 ANOAOCEIT AAOAOEA
T1.5

um:1-4'58><10_6x( ) 88888 jO'8Uq

T+110.6
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Where, T is the temperature in K.

However, in all real aeroplane wings, the flow over the
wing is 3 dimensional flow having a component a span
wise direction. Since incompressible flow passes pressure
information in all direction equally, pressure variation can
be sensed between the upper surface and lower surface of
the wing. Due to the pressure imbalance around the wing,
the flow at the wingtip tendsto curl around the tip (leak or
spill out around the wingtip) from the high pressure
region just underneath of the wing to the low pressure
region on top.

As a consequence of spill out of flow tendency around the
wingtip equalizes the pressure between tk bottom and
top surface of the wing. This causes lift force per unit span
decreases towards the wingtip. As a result of the span wise
pressure variation, the air on the upper surface flows
inboards toward the root. Similarly, on the lower surface,
air will tend to flow outward toward the tips. The
resultant flow around the wing is 3 dimensional having
both chord wise and span wise velocity components.

When the flows from the upper surface and lower surface
join at the trailing edge, the difference in spanwise
velocity components causes the air to roll up into a
number of cortices at the wingtips. These small vortices
roll up into two large vortices just in board of the wingtips
called the tip vortex. Since the lift force acting on the wing
section at a gien span wise location is related to the
strength of circulation, such that the circulation around
the wingtip is zero.

&< T = Tip vortex
e

Downwash

Upwash Tip vortex
o b@\_,r‘; N\
&7 Rear view /f”/,,o
PN > T«
Upv_\(ash ‘«>\\j‘ i ’ ‘( _'\‘?,, Upwash
= ( T
[T ™) " # i
L] AT
el NRYREEE

Fig. 1: The Development of Wingtip Vorticesrror!
Reference source not found.

3.2 Airfoil Description and Des ign:

An airfoil is the cross sectional shape of a wing or wing
turbine blade or a sail used in propeller, motor blade etc.
The NACA airfoil sections considered herein are obtained
by combining a thickness distribution and a mean line. An
airfoil is obtained from a perpendicular plane with respect
to the corresponding wing considered as a cross section
shape.

angle of attack

of H—

relative wind

chord line
camber line

leading edge

Fig. 2: A typical airfoil with corresponding terms Error!
Reference source not found.

Some terms are related to the descrippn of the airfoil.
The major design feature of an airfoil is the mean line,
which is the locus of points halfway between the upper
and lower surfaces as measured perpendicular to the
mean line itself. The most forward point of a mean line is
known as theleading edge and the most rearward point of
the mean line is known as the trailing edge. A straight line
which connects between the leading edge and trailing
edge is known as chord line of the airfoil and the distance
measured simply between the leading ege and trailing
edge is known as chord of the airfoil, which is designated
AU OAG8 4EA #AiI AAO EO Al 1T OEARZ
between the mean camber line and the chord line,
measured perpendicular to the chord line. Two basic types
of airfoil can be demonstrated or used extensively which
are, symmetrical airfoil and nonrsymmetrical airfoils.
Symmetrical airfoils used to have no camber in itself as the
mean camber line and the chord line is same in this case.
On the contrary, nonsymmetrical airfoils are also known
as cambered airfoils. Cambered airfoils shows lifting
characteristics even at 0 degree angle of attack (angle
between the freestream velocity and the chord line of the
airfoil) due to its cambered type shape. But in the case of
symmetrical of non-cambered airfoil, there would no lift at

0 degree angle of attack due to symmetrical shape of the
airfoil. The camber, the shape of the mean camber line and
to a lesser extent, the thickness distribution of the airfoil
essentially controls the liftand moment characteristics.

There are several types of NACA airfoils families used as
cross section shape in construction of wing of airplane. For
example, NACA 4 digit series, NACA 5 digit series and
NACA 6 digit series. In this study, NACA 4 digit ses is
considered. The first digit of the designated number
indicates the locus of the maximum positional point of the
corresponding airfoil in humber of hundreds of the chord
of the airfoil. The second digit indicates the horizontal
distance of the maximumcamber from the leading edge of
the airfoil in number of tenths of the chord of the airfoil.
And the last two digits indicates the maximum thickness of
the airfoil in hundreds of the chord of the airfoil.

If Xu and Yu represent respectively the abscissand
ordinate of a typical point of the upper surface of the
airfoil and yt is the ordinate of the symmetrical thickness
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distribution at chord wise position Xi, the upper surface
coordinates are given by the following relations:
Yu =yt

The corresponding expressions for the lower surface
coordinates are:

Xt=x

Yt =-yt

Name = NACA 0012 AIRFOILS
Chord = 250.5mm Radius = 0mm Thickness = 100% Oriain =0% Pitch =0°

Fig. 3: Designed NACA 0012 airfoil [14]
3.3 Description of NACA 0012 Airfoil:

NACA 0012 is a symmetrical airfoil meaning that it has
zero camber in itsOUT | AOOEAAI
indicates that it is a symmetrical airfoil and the last 2 digit
Op¢d ETAEAAOAO OEAO OEA
12% of the chord length of the airfoil.

The equation for a symmetrical 4digit series NACA afoil
is

ytzzst[02969J§-u1260(f)-—u3516(f)2+—02843(2)3-a1015(§)4]
8888 jo8gQ

Where,

X is the position along the chord from 0 to ¢

t is the maximum thickness as a fraction of the
chord

c is the chord length

The leading edge is constructed as a part of cylindrical
shape with a radius of
r=1.10191t2

Now the coordinates (Xu, Yu) of the upper airfoil surface,
and (Xu, YI) of the lower airfoil surface are:

Xu = XI=x
Yu=+y and
Yl =-yt

Table 1 : Airfoil specifications at different sections for
geometry designing

OEADASB

i Ao

PV (V) =0g444

Chord | Thicknes | Trailing
Serial | Parameter | length, | s, edge Cambe
No. C t radius, | r
(mm) (mm) r (mm) (mm)
01 Wing root | 250.5 30.06 995.68 0
02 Wing tip 85.81 10.2971 116'83 0
03 | Windlet | g581 | 102071 | 11683 0
root 4
04 Winglet 45 5.4 32.131 0
tip 4
3.4 Governing Equations for CFD Analysis:
Continuity equation, Navier Stokes or Momentum

equation and Energy equation are the key governing
equation of the fluid dynamics which are also instrumental
for Computational Fluid Dynamics (CFD). From simple
creeping flow, and Couette flow, to the stat®f-the-art

turbulence modelling, moving boundaries simulation,
nanofluids motion, multiphase flow, complex geometry
aerodynamic design wave modelling and oceanic
engineering, all these engineering researches fall ued

the purview of these governing equation. The governing
eqéj\aéi%s stem  from . the, fundamental principles of

i R AECKLE RMAO2AUT T 1 AEO
| equations...

AEQ A El

can he expressed.jn.a general form of integr,
bl actlbenls | RO erlertly A

considered for basic purpose.
3.4.1 Continuity Equation:

The fundamental physics of Continuity Equations is the

principle of conservation of mass, proposed by Lavoisier

in 1985. Conservation of mass can be defined as: the
conservation law that the rate of change of mass within a

control volume (CV) is equivalent to the net rate of mass

flowing into the CV. Consider the integral form of the mass

conservation equation:

a _
aﬁwpdV+-Lﬂlﬁﬂ.¢4—ﬂ8888

P o8xQ
This equation can be transformed into differential form
using Gauss Divergence theorem to form

josuq

In Cartesian ceordinate, considering the length of fluid
element infinitesimal in x, y and z direction, can be
AOGOECT AA AO 1@h 10U AT A U8
incompressible flow, the continuity equation will be
reduced to where

Vv =20

g 2,9 0

ox__ oy oz
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3.4.2 Navier Stokes Equation or Momentum Equation:
-1 1 AT O0I ANOAGEI T O AOA 1 OE
second law which states that force of a moving object is I I
equivalent to its rate of change of momentum.

e————=an I —

M d(pu®)  B(puv) d(puw) B a_p ( _) ( 6u)]

6t+0x+6y+0z_ o AWV 20—+ - ﬂ0x+6y+
L) (au aw) f | ==c===
P ﬂ PR px . ) . ) : . g_\F?Il/*»«LW\.N'G
88888 | c83w(

Fig. 4 Designed aircraft normal wing model with no
, winglet

d(pv) , d(puv)  d(pv")  d(pvw)  dp 8 (3_‘!? 5‘_u)] i( 3_‘!?)

at + dx + ay + dz 6y+ax K 6x+6‘y +6y AF'VJFZ‘uay +

d dw ov . z ¢ : 2
=[G+ 3|+ oy
88888 j 08pmnQg
a(pw) , d(puw) | d(pvw) , d(pw?) [ (au

ar+ax+ay+az_az+ aer

8888 jo8ppq

= (V. v+ 2u32) + o /] EJ

A
" WING WITH 90 DEGREE WIRGLET
= —~ “1

3.5 Wing Model Designing:

The CAD model of normal wing and wing with winglet are Fig. 4: Designed aircraft wing model with 90 degree
designed by using Solid Works 2016 software. The airfoll winglet

data for NACA 0012 [15] is imported to the Solid Works
software and the sketch for the airfoil is generated for . . . . . , : !
wing root and dso for wingtip. The span length of the ’

wings is considered 500 mm. The maximum and minimum

chord lengths for the wing are 250.50 mm and 85.81 mm i
respectively. Thus the chord length based Reynolds >
number relevant at low flight speed or subsonic speeds. i :

The chord length of the model was determined to have

Reynolds number of the same order. The span length of :

the model, relative to the chord length is one of the

important design parameters. ]

A
WING WITH WINGLET 30 DEGREE WINGLET
3 - =

Fig. 5: Designed aircraft wing model with 30 degree
winglet
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A
WING WITH WINGLET 45 DEGREE WINGLET
= = =

Fig. 6: Designed aircraft wing model with 45degree

winglet

Table 2: Specifications of Aircraft Wing

4. METHODOLOGY
4.1 Proposed Methodology:

Computational Fluid Dynamics (CFD) process is used for
assisting the numerical analysis ofthis study. The
numerical analysis usually consists of 3 stages: pre
processing, computation and posprocessing. The pre
processing stage involves with the geometry generation
and setup and grid (mesh) generation. The computational
domain (Gdomain) is costructed as fluid properties
around the 3-D geometry followed by the mesh generation
using ANSYS Workbench R19.2 software. The mesh
element size is smaller close to the wing and winglet
geometry and gradually increases towards the domain
boundary walls. 3D unstructured tetrahedral mesh with
inflation layers was generated around the geometry. This
was carried out in order to select an appropriate range for
the number of elements in the mesh. Mesh dependency is
carried out to ensure the independency of redis from the
number of elements for the numerical analysis of both
normal wing and wing with winglets. In this particular
case, the number of mesh elements is considered about 4.2
to 4.9 million numbers of mesh elements for better
accuracy of results.

Serial No. Description Dimension
01 Airfoil Type NACA 0012 Applying
- CAD Boundary
02 Wing Type Swept Back Design Condition
Spev03 Sweep Angle 18.23 degree l
04 Wing Span 500 mm Airfoil Selection
Selection of Construction
05 Taper Ratio 0.342 for Wing | Winglets [mmj of Geometry
Desi i )
06 Aspect Ratio 2.92 e P a’c“'te‘
07 Wing Area 0.17104 m2 l
. leulati
08 Maximum Chord | 250.50 mm Mosh Calculation
Generation and
09 Minimum Chord 85.81 mm Converging
Solutions
Visualizing
Table 3: Specifications of Winglets the Results l
. .. K . Comparing
Serial No. Description Dimension the Rasults
01 Winglet type Blended Winglet
02 Winglet Height | 42.88 mm, 57.18 Fig. 8: Flowchart of Proposed Methodology of the study
(307,457 & 907) mm & 90mm 4.1.1 Geometry Setup:
03 Winglet Taper Ratio | 0.5244
. The designed wing geometry and wing with winglet
04 Maximum Chord 85.81 mm geometry constructed in Solid works software are
- exported to the workspace of Design Modeler of Ays
05 Minimum Chord 45 mm Workbench for further pre-processing works. A @omain
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is constructed for both types of geometry which is
assigned as fluid and the previously designed geometries
are assigned as solid object. The total volume of the
domain around the normal wing geomety is measured
about 4.5226 m3 and for the wing with winglet geometry,

In mesh setup, unstructured tetrahedral mesh elements is
assigned for the mesh generation. Body sizing mesh
control is done for fluid domain geometry where thesolid

wing surface is considered as the body of influence.
Different mesh element size is done for ensuring the mesh

it is measured about 17.401 ri independency on results. Face sizing mesh control is done

for meshing the forward and rearward face of the wing

Fig. 9: Geometry setup for numerical analysis of normal
wing

surface and also the inwardop and bottom of the surface.
High quality smoothing is considered for mesh generation.
Usually the element size will increase gradually moving
forward to the fluid domain and the mesh elements will be
smaller so much than the body geometry mesh elements
Inflation is done about considering 5 layers with 0.008 m
total thickness. In this case, post inflation algorithm is
used. Then, the necessary surfaces are named due to
assign the boundary conditions to the fluid domain and
wing geometry. In this, inlet, outlet, symmetry, wing
surface and wingtip (for normal wing) and wing surface
with winglet (for winglets) are named to observe the
properties in further post-processing.

ot 1000 .o Lee0im)
]

Fig. 10: Geometry setup for numerical analysis of wing
with winglet

4.1.2 Mesh Generation:

4.1.3 Setup:
) 1 OEA O3%4506 DI OOEIT 1T A&
precision option is cheked before starting the

configuration of the required setup. In the general settings
of the analysis, the solver type is set to pressure based
system and the flow type is considered as steady flow. In
OEA 11T AAT O OAcHHA @A OERO K 101 K
as the incompressible flow surrounding the airplane wing
is being considered. As the study is to found the
aerodynamics characteristics of the airplane wing only
according to the relative flow properties of air
surrounding the wing and winglets, so tke energy option is
VTSR unchecked which is related to the calculation of energy

R D ANOAOGET 108 'O OEA OEOARAPOEGIIT,
iTAAl xEOE OOAT AAOA OUDPA EO A
7A11T 40AAOI AT Od6h 3O0AT AAOA xAI
as this combination has produced the desired results
related to the analysis purposes. The fluid is considered as
air and the solid part is considered as aluminum with

y S /L‘ standard properties. At the boundary conditions segment,

" AT, SN 47 : 5 the values of flow velocity are insertedor different values
£ AT CIA T £ AGOAAE AO O)11 AOdo
entrance of free stream flow towards the wing geometry at

Fig. 11: Mesh generation for normal wing

Fig. 12: Mesh generation for wing with winglet
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the +X direction at mesh segment. In this case, at the 5. RESULTS & DISCUSSION

06 A1 1T AEOU 3PAAEZAZEAAOQEIT -AOGET A6 1 DPOEiITh OEA O-AcCci EOGOAA
and SEOAAQGETT 6 TDOETT EO OAIl AAKA &udyx BhE dliward TfidwA sindulatiéhOoveP 13
specify the X,Y components of the flow direction dimensional wing will be analyzd. As the free stream air
individually which actually would results in drag forces  will strike the wing at a specified angle of attack, it is

and lift forces values acting on the wings after completing  desired to generate lift and drag forces on the surfaces of

the numerical calculation. These valuesds been changed  the wing. The pressure differences between the upper and
with respect to the change in the values of angle of attack. lower surfaces of the wing will be observed and it wold
4EAO EO xEUR A OO0AOAI AOAOde dddiéséubhethdd theEpropeRibsAad thehregafing
changing the values of X and Y components of the free acting forces changes with changing flow direction with
stream velocity while changing the corresponding value of  same type of flow and at a same Reynolds number. After
angle of attackfor a specific wing geometry. This process that, the pressure coefficient curves along with the

is repeated for the normal wing geometry, wing with 90°  positional line as well as the chad line will be studied
winglet, 45° winglet and 30° winglet geometry whether how differences it would exhibit at different flow
OAODAAOGEOAT U8B T A OEA 1 001 AQiredtiéhs. Bk MEcbndiderind 10w MuehOhdnther Qre Aow/ © O
while setting the back flow turbulent intensity to 5% and will be attached at most of the cases of the flow directions.

the back flow turbulent viscosity ratio to 10. The reference  After the stall of airfoils takes place where the maxaium

values are computed from the inlet. In monitors segment,  lift coefficient is found, the flow separation of the flow may
two different individual new monitors are created occur.

manually to observe the change of values for lift o

efficient and drag ceefficient with respect to the iteration 4EA DOAOOOOA Ai 1061 OO AOA OEI
number while doing the numerical calculation. In  to observe the pressure distribution and changes of it
03171 00ETT )T EOEAI EUAOET 106 DéaPthe €ndrwisk AieBidn gs Tweld BA bparideO E 1
selected as we would like to solve the calculation from the  direction. Also avelocity streamline contour is also drawn
corresponding inlet values which are defined as bawdary  for showing the direction and observation of streamlines
conditions at inlet. In the end, the number of iteration are  of flow around the wing for both nonwinglet and winglet

set from 100 up to 10000 for calculation in several type. The flow streamlines are expected to be at changed
different cases. The results are extracted each time after direction for each value of angle of attack
the processed solution is being converged.

5.1 Pressure and Velocity Streamline Contours for

Table 4: Boundary Conditions an d simulation settings Normal Wing:
SINo. | Factors Considerations ER, o ANSYS
01 Fluid Ideal Gas 188414
2087
02 Flow Condition Steady State | e
gieels
03 Inlet Velocity inlet = 100 | Bt
/ [pal-4031 19
m/s

(Subsonic Flow)

04 Angle of attack 2-20 degree (as
necessary) S e
P Sontour ANZYS
05 Outflow Pressure Outflow S
06 Fairfield Wall
| 266.89
07 Top and Bottom|Wall ( No Slip B
wall Condition) |
(Pa]
08 Convergence Factor| 0.001
09 Solver Pressure Based
10 Viscous Model k-epsilon (2 equations) — ==
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Velocit ANSYS ressure
Sicilne o Rio3 e Sontour a NS
3140.14
. 2448.56 /
| 94.17 | 1756.99
| | 1065.41 =
1700.90
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3775.63
e ‘ 4e6721
5850.36
-6541.94
(Pa)

2=

Fig. 13: Pressure distribution and velocity streamline
contours for 2° angle of attack

Pressure ANSYS
pressure contour 2 R19:2
2990.25

2403.73

(Paj

Pressure ANSYS
pressure contour 2 ®192

2990.25
2403.73
1817.21

| 1230.69
| 644.16
57.64
-528.88
-1115.40
-1701.92

Veloci ANSYS
Streamline 1 R19.2

' 65.05

32.53
i o
{m s*-1]

Fig. 14: Pressure distribution and velocity streamline
contours for 4° angle of attak
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Fig. 15: Pressure distribution and velocity streamline
contours for 6° angle of attack
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Fig. 16: Pressure distribution and velocity streamline
contours for 8° angle of attack
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Pressure ANSYS
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Fig. 17: Pressure distribution and velocity streamline
contours for 10° angle of attack
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Pressure ANSYS

pressure contour R192

Fig.18: Pressure distribution and velocity streamline
contours for 12° angle of attack
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