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ABSTRACT

The aspect ratio has a great effect on the aerodynamic characteristics. It is an important
technique for the improvement of aerodynamic performance through drag reduction. The
effect of aspect ratio on the airfoil performance is investigated about axially symmetric wings
as a function of the angle of attack. Optimum design of lifting surface provides maximum
possible lift force and minimum possible drag force. The wind tunnel used for the
experiments is an open conduit and has a 1200x1200 mm2 x-section with a closed test
chamber. Three different types of airfoil with different aspect ratios (AR 2, AR 1, and AR 0.5)
are tested under the airflow speed of 37.5m/s. It is found that for the same wing area wing
model of AR 2 reduces the strength of the vortices at the wingtip by reducing the tip vortex
more effectively than any other wing models and as a result, the difference between the upper
and lower surface pressures on wing model of AR 2 is comparatively higher than that of
other wing models at various angles of attack. After analyzing the results, the wing model AR
2 is found to be the optimum.

Keywords:-Airfoil, Aspect ratio, Angle of attack, Lift force, Drag force, Symmetric wing,
Wind tunnel.

INTRODUCTION coefficient must be increased or drag
A force is exerted on the surface of a body should be decreased and pressure
when a fluid past over it. The coefficient must be properly distributed on
perpendicular component to the flow the airfoil surface. The development of
direction of that force is called lift. On the wing theory led to the concept of wing-

other hand, parallel component of that
force to the flow direction is called drag
force. Wings is the most ordinary element
that is related to lift. Various factors affect
lift force most importantly the shape of the
aero-foil and the amount of camber.
However, flow separation limits the
maximum lift at a rated speed. Makwana et
al. [1] did numerical solution of flow over
airfoil where they focused on different
technique to reduce flow separation and
also gave some idea about different model
of CFD. They concluded that to improve
the performance of airfoil either lift

section characteristics that were derived
from data obtained from tests of finite-
aspect-ratio wings, which were then used
to predict the characteristics of wings of
different plan forms [5]. Martinat et al. [6]
studied the NACAO0012 dynamic stall
at Reynolds numbers 10° and 10° by
means of two- dimensional and three-
dimensional numerical simulations. The
result has shown that
the downstroke phases of the pitching
motion are subjected to strong three-
dimensional turbulence effects along the
span, whereas the flow is practically two-
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dimensional during the upstroke motion.
Askan et al. [7] investigated the impact of
aspect ratio on the aerodynamic
performances and flow separation behavior
on a model wing made up four different
profiles used to the wing of the Boeing
737-Classic aircrafts. They observed from
the experiments and numerical studies that
the changing of the aspect ratio affected
the drag as well as lift and also flow
separation. They concluded that the
increases in aspect ratio and in angle of
attack have been triggered flow separation.
Several experiments have been carried out
both numerical and experimental to find
out the optimum design of the airfoil for
maximum lift and minimum drag. An
experimental investigation is carried out in
the wind tunnel to find the aerodynamic
performance of curved-edge planform of
NACA 4412 airfoil by Nazmul et al.[8].
After analyzing Coefficient of Lift,
Coefficient of Drag and Lift to Drag ratio
of different wing models from the static
pressure distribution, they found that the
curved leading-edge wing planform had
larger lift coefficient and lower drag
coefficient than the rectangular planform.
The results showed that, the curved trailing
edge planform had higher lift coefficient
and lower drag coefficient than the curved
leading-edge wing. From the experimental
results, it is also found that among the
three types of planforms the curved trailing
edge wing planform had the largest lift to
drag ratio. They concluded that due to
reduction in the chord length near the tip
of the curved-edge wings, the tip loss was
also reduced and for that the aerodynamic
performance of the curved edge planforms
were found better than that of the
rectangular platform. interference effect
occurs in between the aero foils of biplane
configurations. It varies with the change of
angle of attack and chord length. Ala [9]
analyzed the interference effect of
different biplane configurations of NACA
0024 symmetric aero foil with chord
length of 100mm for four biplane

configurations. The numerical results
showed that for biplane configurations of
NACA 0024 profile, the computational
value of lift coefficient is maximum at 18°
angle of attack for 0.40, 0.50 and 0.75 of
chord length while for the biplane at 1.00
of chord length, the maximum value is
observed approximately at 21° angle of
attack. The effect of the aspect ratio on the
aerodynamic characteristics of rectangular
wings was experimentally investigated at
low Reynolds numbers by Mizoguchi et al.
[10] where aspect ratio was considered to
be caused by wingtip vortices, the effects
of the Reynolds number, the shape of the
leading edge, and the thickness ratio.
Kopac et al. 2005 [11] investigated the
effect of aspect ratio on the airfoil
performance for airfoil about axially
symmetric wings as function of angle of
attack. From the analysis of the
incompressible  viscous  flow  fields
different type of wing models were
experimented by TE54 wind tunnel which
had a 300x300 mm x-section under the
airflow speed of 33.76 m/s. Experimental
results showed that wing model having
higher aspect ratio yields the optimum
performance. Shehata et al. 2017 [12]
revealed that the pressure distribution over
an airfoil surface is influenced by suction
slot and it have a significant effect on lift
and drag coefficients. Ara et al. [13]
studied the aerodynamic performance of
winglets with curved edge wing of NACA
4412 where they found that for wing
models with winglets lift to drag ratios
increased and induced drag decreased
compared to wing models without winglet.
They concluded that less wing tip vortices
are generated on the tip of the wing for
higher aspect ratio and aspect ratio of the
wing significantly responsible for the
performance lift and drag. CFD analysis of
the flow over NACA 0012 airfoil had been
done by Patel et al. [14] where they
concluded that at the zero degree of AOA
there is no lift force generated and to
increase amount of lift force and value of
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lift coefficient, the value of AOA must be
increased. An analysis of pressure
coefficient of NACA 4412 airfoil at AOA
ranging from 0° to 12° using CFD was
done by Kevadiya [15] where the results
showed that with the increase of AOA, the
pressure coefficient on the upper surface
decreased and lower surface increased. As
the efficiency of the aircraft greatly
depends on the size and shape of the wing,
several researches are still carried out
throughout the world to find maximum
possible lift and minimum possible drag.
For this, an effort has been taken to
investigation the effect of aspect ratio on
the Airfoil characteristics of NACA 0012
wing through experiment by using wind-
tunnel.

MODEL CONSTRUCTION

The three-chord length of the models are
141.42 mm, 200mm and 282.84mm with
span of 282.84mm, 200mm and 141.42mm
respectively. The wing models are

manufactured with extreme precision for
taking data. To obtain that objective wing
models of different aspect ratios (AR 0.5,
AR 1, AR 2) are designed in Solid Works
having the equal surface area of 40000
mm? as shown in Figure 1,2 and 3
respectively. Then the airfoil shapes are
cut to get precise size and shape. From
those drawings wing models are made by
wood. Also, appropriate fixture is made to
set the models in the wind tunnel and a
multi-tube manometer is fabricated to take
the pressure readings from the surfaces of
the wing models. Each model is provided
with 32 pressure tapings along the span
and chord (16 at upper surface and 16 at
lower surface). The wing models are
divided into four equal segments (A, B, C
and D) along the span. Four pressure
tapping points at upper surface and four
pressure tapping points at lower surface
are made at 20%, 40%, 60% and 80% of
the average chord length of each segment
of all the wing models.

p— e

e

Front wview

-

Top View

141 .42mm -

Fig.1:-Designed airfoil for AR 2.00

Right wview

282 .84a4mm

Isometric wview

Top View

Fig.2:-Designed airfoil for AR 1

Right view

Isometric view
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Front view

Top View
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Fig.3:-Designed airfoil for AR 0.5

MATHEMATICAL MODELING

The wind tunnel has a reference pressure
tap located upstream of the test section and
the pressure there is:

Py = Pwater 9 (ham — heo) 1)
From the Bernoulli relation, the
corresponding  velocity along a
horizontal streamline is:

Pair

Voo — \/praterg(hatm_hoo (2)

The pressure taps provide pressure
values determined from the manometer

as.

P; = pPyatergd (haem — hi) (3)

Figure 4 [6,7] shows the pressure
distribution at any point over the surface
in terms of the pressure coefficient Cp,
which is de fined as follows:

P - P
CP = LOlC:;‘xz = (4)
2

2
Where,l/2 V,, is the free stream dynamic
pressure head

-ve pressure on
upper surface

X/c

FreeStream
velocity, 1

+ve pressure on
lower surface

Fig.4:-Pressure Distribution over an Aero foil’s Surface in terms of C, [6,7]
Cpi = ’zl‘P°2° (5) any designated point i. o
2PV Values of C, at any point over the airfoil
Where, Pj is the surface static pressure at surface can be approximated from the
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corresponding boundary values by using
the first order L arrange interpolation and
extrapolation:

(x—x1) (x—x0) c (6)

CP(X) - (xo=x1) PO B (x1-x9) Pt

In Figure 5 [8,9], by definition,

L = lift = Component of R perpendicular
to Uy

D = drag = Component of R parallel to U,

Fig.5:-Resultant Aerodynamic Force and its Components [8,9]

N= normal force = component of R
perpendicular to ¢

A = axial force = Component of R parallel
toc

The angle of attack a is defined as the
angle between ¢ and U. Hence, a is also
the angle between L and N and between D
and A. From Figure 5 [8,9] the following
two equations can be found-

L = Ncosa —Asina @)
D = Nsina + Acosa (8)
The elemental normal and axial forces
acting on the elemental surface dS on the
upper body surface are:

dN', = —p,ds,Cos6 — r,,ds, Sinf (9)
dA', = —p,ds,Sinb + r,ds, Cosf (10)
On the lower body surface, we have

dN'; = —p,ds;Cos8 — r;ds;Sinf  (11)
dA', = p,ds;Sinf + rds;Cos (12)
The total normal and axial forces per unit
span are obtained by integrating Equations

(9) to (12) from the leading edge (LE) to
the trailing edge (TE):

' TE ,
N'= — [ (p,Cosb +1,Sinb)ds,) +

fLTI::E(plCOSH —1,Sinf)ds,

(13)

, TE ,
A= — [ (=p,Sinb + 1, CosB)ds,) +
fLTEE(plSinG —1,Cos0)ds, (14)
The dimensionless force coefficients are
defined as follows:

Lift coefficient: C, = é (15)
Drag coefficient: Cp, =

qf’: (16)
Normal force coefficient: Cy = % a7
Axial force coefficient: C, = ﬁ 18)

From Figure 6 [2] the following equations
can be found-
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Fig.6:-Geometrical Relationship of Differential Lengths [2].

dx = dx Cos 6
dy = —dsSin 0
S=c(1)=c

Substituting the above expressions of dx,
dy and S into Equations (13) and (14),
dividing by we obtain the following
integral forms for the force and moment
coefficients:

Cn = %foc(cp,l - Cp,u)dx +
1 rc dyy dy
Sy (Crage+ Cra )

dx
(19)
1 rC dyy dy
Co= 205 (CouZt— Cpu2t)dx +
1 rC
;fo (Cf,u + Cf’l)dx (20)

The normal and axial force acting on an
airfoil section as follows:

CTL = %foc(cp,l — Cp,l)dx (21)
dyy d
Co= 205 (Cu2t -, 2)dx  (22)

Both the surfaces of the wing section can
be divided into small panels corresponding
to a total of gaps between each pressure
tap location. When n is a number of
panels, the equations can be converted to:

Cn = Tal(Coni = Coai)ACD] (23)
Cq = ?:1[(Cp,u,i AAy_;ll - Cp,l,i AALxlll) A (%)]
(24)

The interpolated and extrapolated pressure
coefficients would be applied to Equation
(23) and (24) in order to get the normal
and axial force at a section of interest. Lift
and drag coefficient can be obtained from:
C, = C,cosa+ Cysina (25)
Cq4 = Cysina+ Cycosa (26)

The over-all value of the coefficients for
the whole wing can be found out by
averaging the same values of each
segments of the wing along the span.

EXPERIMENTAL
METHODOLOGY
Experimental Setup
Similar setup has been done to conduct the
experiment as that of did by Nazmul et al.
2015 [8] and Ara et al. 2018 [13]. All the
models will be tested at air speed of
135km/h (0.11 Mach) i.e. at Reynolds
number 2.92 x 10° in the closed-circuit
wind tunnel available at the turbulence
laboratory, Department of Mechanical
Engineering, BUET. Two counter rotating
fans are used to get the desired air speed
which are powered by 400V-3¢-50Hz
power supply. To vary the wind speed in
the tunnel from 30 km/h (0.025 Mach) to
165 km/h(0.137 Mach), a speed controller
is used. The dimension of the experimental
space in wind tunnel is700 mm x 700 mm.
A silencer is used at the discharge to
reduce the sound level. The details of the
experimental setup in wind tunnel are
shown in Figure 7. To performs the
experiment in the open-air condition the
diffuser at the end of the test section is
taken out and the discharge side of the test
section is fitted with a 700 mmx700 mm
discharge duct. In the wind tunnel, a
fixture is installed to rotate the wing
modes at angle of attack from 0° to 20°
with a step of 2°.

SETUP AND
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Pressure tapping tubes

=
—g; g Angle Altering
15
!
Return Duct
mﬂc |
Fig.7: Photograph of Experimental Set-up

Methodology 5) Coefficient of Ilift to drag ratio

In this present study, we followed the
methods of Nazmul et al. 2015 [8] and Ara
et al. 2018 [13].The step by step
procedures are follows:
6)
1) From the wind tunnel testing, the
static pressure at different angles of
attack (. = 0°, 2°, 4°, 6°, 8°, 10°, 12°,
14°, 16°, 18" and 20°) are measured
from both upper and lower surfaces of
all the wing models of different aspect

ratios through different pressure

tapings by using a multi-tube The

manometer. and
2) The respective coefficient of pressures mod

(Cp) of the all the wing models are
calculated from the static pressure
data using equation (1) to (6).

The values of Cp of both surfaces of
individual models of different aspect
ratios are plotted in Cp versus %C
graph to observe the pressure pattern
of four segments (A, B, C, D) of each
model along the chord length.

From equation (23) to (26), CL and
CD of all the wing models of different
aspect ratios at every angle of attack
are calculated.

The

3) chor

mod
the
4)

mod
used

(CL/CD) at different angle of attack
for all the wing models are measured
from the value of CL and CD at
respective angle of attack.

The lift  characteristics,  drag
characteristics and coefficient of lift to
drag ratio (CL/CD) of all the wing
models are analyzed and compared
with each other to find the optimum
wing model.

RESULTS AND DISCUSSION

pressure coefficients of both upper
lower surfaces of different wing
els for different aspect ratios are

measured through the wind tunnel testing
to analyze aerodynamic characteristics.

pressure coefficients are plotted along
d wise positions (% C) at different

angles of attack for each of the four
segments (A, B, C and D) of all the wing

els. Surface pressure distribution of all
wing models are discussed and

compared. The data taken from the
pressure distribution are used to calculate
normal and axial forces on the wing

els. These normal and axial forces are
to determine coefficient of lift (CL),
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coefficient of drag (Cp) and coefficient of
lift to drag ratio (C. /Cp) of individual
wing. Then the effect of angle of attack on
C., Cp and (C. /Cp) are studied and used
in comparison. From the analysis of
coefficient of lift to drag ratio (C. /Cp) the
optimum wing is found.

Surface Pressure Distributions

The pressure distributions of both upper
and lower surfaces along the chord length
of four segments (Segment- A, B, C and
D) of three experimental wing models at
0°, 20, 4°, 6°, 8°,10°,12°, 14°, 16°, 18° and
20° angle of attack (AOA) are plotted. In
the figures, the horizontal axis represents
the percentage of the chord length (%C)
and the vertical axis represents the surface
pressure coefficient (Cp). The negative
pressure coefficients are shown by the
vertical axis above zero line and the
positive pressure coefficients are shown by

O— Cpu(AR0.5)
Cpl(AR 1)
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3

-0.2

Pressure Coefficient,Cp

-0.1

0.0

0.1

0.2

vertical axis below zero line. In all figures,
Cpu stands for upper surface pressure
coefficient and Cpl stands for lower
surface pressure coefficient.

Figure 811 show the pressure distribution
of all the wing models for four segments
(A, B, C, D) at 4° angle of attack. From all
the Figure, it is observed that the upper
surface suction pressure is lowest for wing
of AR 1 and highest for the wing of AR 2.
The lower surface pressures of all the wing
models remain at the positive pressure side
throughout the chord length and are close
to each other but highest value is obtained
for wing of AR 2. As a result, the pressure
difference between the upper and lower
surface of the wing of AR 2 is highest. For
all the wing models of different aspect
ratios the upper surface pressure increases
gradually from leading edge to trailing
edge and lower surface pressure decreases.

Cpl(AR 0.5) Cpu(AR 1)
Cpu(AR2) Cpl(AR 2)

50 60 70 80 90

%C

Fig.8:-Pressure coefficient (Cp) distribution of segment A at 4° AOA
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©O— Cpu(AR0.5) O Cpl(AR 0.5) Cpu(AR 1)
Cpl(AR 1) *— Cpu(AR 2) O— Cpl(AR 2)
-0.8
X
-0.7
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-0.6
X
Q.
9 05
e A%
2
= -0.4 %
3
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0.0
e o) 0
0.1 8 Y
e}
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Fig.9:-Pressure coefficient (Cp) distribution of segment B at 4° AOA
©— Cpu(AR 0.5) 00— Cpl(AR 0.5) Cpu(AR 1)
Cpl(AR 1) *— Cpu(AR 2) O— Cpl(AR 2)
-0.8
X
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-0.6
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9
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S <>
"g -0.4 p 4
o
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5 -03
2 X
E vAY
& 02 M
-0.1
0.0 v
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0.1 a O
o
0.2
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Fig.10:- Pressure coefficient (Cp) distribution of segment C at 4° AOA
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O— Cpu(AR0.5)

Cpl(AR 1)
0.8

-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0.0

0.1

0.2

X
<

Pressure Coefficient,Cp

O

10 20 30

Qo

O

40

X

Cpl(AR 0.5)
Cpu(AR 2)

Cpu(AR 1)
O Cpl(AR 2)

<

O

50 60 70 80 90

%C

Fig.11:-Pressure coefficient (Cp) distribution of segment D at 4° AOA

The surface pressure distributions of all the
wing models at 10° angle of attack are
shown in Figure 12-15 for four segments
(A, B, C, D). From the figures, it is
observed that upper surfaces of all wing
models are having higher negative
pressure than the lower surface pressure of
the respective wing models. For the wing
models of AR 1 and AR 0.5, the lower
surface pressure decreases slowly from
20% C to 80% C. The upper surface
pressure increases gradually from leading

edge to trailing edge. For wing of AR 2 as
well, upper surface pressure increases and
lower surface pressure decreases from
leading edge to the trailing edge. But the
upper surface pressure is lowest for wing
of AR 0.5 and lower surface pressure is
highest for wing of AR 1. As a
consequence, the difference between upper
and lower surface pressure is observed
maximum for wing of AR 2 and the
highest difference is achieved at 20% C.

O— Cpu(AR0.5) Cpl(AR 0.5) Cpu(AR 1)
Cpl(AR 1) *— Cpu(AR 2) O— Cpl(AR 2)

1.4

1.2 X
o -10
o} p, &
g ) X
£ 06
§ < X
g 04 o
§ 02
a

0.0

0. o
0.2 & O
0.4
0 10 20 30 40 50 60 70 80 90
%C
Fig.12:-Pressure coefficient (Cp) distribution of segment A at 10° AOA
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)]
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=]
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o 04
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53 o}
0z g B
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0 10 20 30 40 50 60 70 80 90
%C
Fig.13:-Pressure coefficient (Cp) distribution of segment B at 10° AOA
©— Cpu(AR0.5) O Cpl(AR 0.5) Cpu(AR 1)
Cpl(AR 1) %— Cpu(AR 2) O Cpl(AR 2)
-1.4
1.2 X
<
-1.0
oy X
5 0.8
S o X
i
O 06 o X
3
s 04
-0.2
0.0 >
O
0.2 2 g 4 ?
' o
0.4
0 10 20 30 40 50 60 70 80 90

%C

Fig.14:-Pressure coefficient (Cp) distribution of segment C at 10° AOA
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©— Cpu(AR 0.5)
i Cpl(AR 1)
-1.2
-1.0
-0.8

-0.6

-0.4

Pressure Coefficient,Cp

-0.2

0.0

0.2

0.4

Cpl(AR 0.5)
Cpu(AR 2)

40

Cpu(AR 1)
Cpl(AR 2)

50 60 70 80 90
%C

Fig.15:-Pressure coefficient (Cp) distribution of segment D at 10° AOA

All the pressure distribution curve at
different angle of attacks also shows the
similar pattern. In comparison to the
pressure difference of the surfaces of
model of AR 2 is higher than model of AR
1 and model of AR 0.5. Another
observation from the figures is that the
lower surface pressure of all the wing
models for all the segments are higher than
all the previous angle of attack. The
highest-pressure difference between the
upper and lower surfaces is obtained for
wing models of AR 2 and it is lowest for
wing models of AR 0.5. For all the
segments the lower surface pressure
decreases from 20%C to 80%C and upper
surface pressure increases from leading
edge to trailing edge.

Lift Characteristics

The lift characteristics of wing models at
different angles are shown in Figure 16.
The figure shows that as the angle of
attack increases, the lift also increases
peaking a maximum value at a certain
AOA. After this maximum value of angle
of attack, lift decreases drastically due to

flow separation over the aero foil surface.
From the figure, it is seen that the lift
coefficient curve goes up from 0° angle of
attack up to 12° angle of attack for all the
wing models and then drops suddenly after
12° angle of attack. Thus, the critical angle
of attack of all wing models is around 12°
beyond which the stall happens. The angle
at which stall occurs is called stalling
angle of attack beyond which flow
separation occurs. It is seen from the figure
that for all wing models stall occurs at
approximately 12° angle of attack. Among
the three wing models wing of AR 2 has
the higher lift coefficient than other two
wing models of AR 1 and AR 0.5.The
ratio between the lift coefficient and the
angle of attack is maximum at 12° angle of
attack for all the wing models and for this
reason this AOA is the optimum AOA
which indicates that to get highest lift from
NACA 0012 wing, it must be placed at
around 12° to the path of flight. This
analysis has analogous nature to Kopac
analysis [11] and National Aero foil Data
NACA 0012 [4].
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0 5 10 15 20 25
ANGLE OF ATTACK

Fig.16:-Coefficient of lift vs angle of attack

Drag Characteristics

Figure 17 illustrates the drag coefficients
of the wing models under test for different
angle of attack. Graph shows that drag
coefficient is higher for wing model of AR
0.5 than other two models and it is lower
for wing model of AR 2. Initially, the rate
of increment of drag is slower for angle of
attack ranging from 0° to 8°. After that a
noticeable increase of drag coefficient is
seen from 8° to 20° angle of attack. It is
also seen from the figure that drag

coefficient increases dramatically after the
stalling angle of attack. This is due to the
fact that air detaches from the surface of
the airfoil because of adverse pressure
gradient after stalling angle of attack. It
signifies that if the AOA further increases,
then drag will dominate the lift and as a
result  stall  will occur.  Present
experimental results show similar nature as
of Kopac analysis [11] and National
Aerofoil Data NACA 0012 [4].

——ARO0.5
0.5

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05 g

s

COEFFICIENT OF DRAG,C,

AR 1 AR 2

15 20 25

ANGLE OF ATTACK

Fig.17:- Coefficient of Drag vs angle of attack
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Lift Coefficient to Drag Coefficient
Ratio

Figure 18 shows the values of lift
coefficient to drag coefficient ratio which
are plotted for various angle of attack.
From the figure it is observed that wing
model of AR 2 has the highest lift
coefficient to drag coefficient ratio, while
the AR 0.5 has the lowest lift to drag
coefficient ratio compared to another wing
model. For the wing model of AR 2, the
lift to drag ratio increases rapidly reaching

a peak value of 31.67 at 6° AOA. Other
two models also experience similar trend
but the values are lower than wing model
of AR 2. It is also seen from the figure that
in the interval 6° to 12° AOA, there is a
significant decrease of |lift to drag
coefficient ratios. After 12° AOA, the
ratios decrease gradually for all the wing
models. The present experimental results
yield that among the three wing models the
wing model of AR 2 is the most efficient.
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Fig.18:-Comparison of Lift Coefficient to Drag Coefficient curve for different aspect ratios

CONCLUSIONS

The current experiment has been done to
show a relative study among three
different aspect ratios of AR 2, AR 1 and
AR 0.5 of NACA 0012 wing. It is seen
that, for the wing model of AR 2, the
difference between upper and lower
surface pressure is relatively greater than
that of other wing models. This is because
for identical wing area the wing model of
higher aspect ratio decreases the strength
of vortices at the wingtip by decreasing the
vortex produced at the tip more
successfully than other wing models. From
the figure of lift coefficient versus angle of
attack, it is seen that for all wing models of
different aspect ratios stalling angle of
attack remains at 12° and the stall occurs
after this angle of attack. It also observed

from the drag coefficient graph that for AR
2, drag coefficient is lowest. Moreover, the
wing model of AR 2 has the largest value
of lift to drag coefficient ratio than other
two wing models. So, after analyzing the
comparative study it is found that wing
model of AR 2 is the optimum wing
model.
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