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Analysis of an NACA 4311 Airfoil for Flying Bike

Amit Singh Dhakad ®, Pramod Singh ® & Arun Singh”

Abstract- The development of the wing has been always such
that it should be able to produce the maximum lift due to the
high pressure on the bottom surface and low pressure on the
top surface of an airfoil. And these concepts clears that the
flow of air/velocity of air will be low on the lower surface and
higher on the upper surface of an airfoil. So, due to these
differences in pressures and velocity the aerial can produce
lift. Here to let fly the Bike in the air the Flat bottomed Airfoil
has been chosen and usually the flat bottomed airfoil is called
as the Clark Y and this has the feature as Maximum thickness
of 11.7% at 28% chord and maximum camber of 3.4% at 42%
chord.

Keywords: NACA 4311 airfoil, flat bottormed airfoll,
Javaroil, clark Y.

[. INTRODUCTION

he wing considered is the flat Bottom (NACA 4311)
which is a Clark Y type usually called just because
it comes under the Flat bottomed surface airfoil
and has the features of maximum thickness (t/c):
11.63% @ 30.81%and maximum camber of 3.54% @
34.52% (when plotted for 81 points) And as in order to
provide the maximum lift with minimum drag we will
analyze the various kinds of airfoil using the airfoil
analysis software called JAVAFOIL. And the main
purpose of JAVAFOIL is to determine the lift, drag and
the moment characteristics of airfoils. For this reason it
uses a potential flow analysis module which is based on
the higher order panel method (linear varying vorticity
distribution), Since the drag force is referred as the
energy loss property, so to minimize it, we will choose
various airfoils to compare the best one. So, with the
help of JAVAFOIL we will look over the various
properties and characteristics of an airfoil.

a) Reason for the choosing of Clark Y type Airfoil is as
follows:

i. Characteristics of Clark Y:

e ClarkY has a flat bottomed profile of an airfoil and is
usually safe for gliding with lower pitch in the air.
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Fig 1 (Clark YH wingroot of a Yak-18T)

b) Applications
Some representative aircraft that used the Clark

Y and Yh are listed below:
Clark Y Clark YH
o Ace Baby Ace e Currie Wot
e Aeronca 50 Chief e Hawker Hurricane
o AviaB.122 e llyushin Il-2
e Curtiss P-6 Hawk e Mikoyan-Gurevich
o Fleet Fawn MiG-3
e Heath Parasol o Miles Magister
e Lockheed Vega e Nanchang CJ-6
e long Henderson e Polikarpov I-153
Longster e Stolp SA-900 V-
e Monocoupe 90 Star
e Polikarpov R-5 e Yakovlev Yak-18T
e Spirit of St. Louis
e Stinson Reliant
o Waco UPF-7

Here with the help of an Airfoil tool generator we
can construct any profile of required data and can be
experimented for results. The five Flat bottom airfoil
(NACA-4311, 3310, 3310 with P= 38.6%), 2306, 2206
and Symmetrical airfoil NACA 2412 are generated
through this software (Airfoil tool generator) Source:
http://www.airfoiltools.com/airfoil/naca4digit

[I. METHODOLOGY

a) Considering the type of airfoil for analysis on

e NACA 4311 (Flat Bottomed Airfoil)

¢ NACA 3310 with thickness: 38.6%, (Flat Bottomed
Airfoil)

e NACA 3310 with thickness: 31.8%, (Flat Bottomed
Airfoil)

o NACA 2306, (Flat Bottomed Airfoil)

e NACA 2206, (Flat Bottomed Airfoil)

e NACA 2412, (symmetrical Airfoil)
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On analyzing the above airfail (a-f) in JAVAFOIL, we have the result as

Table 1
Sl.no Airfoil Coefficient Coefficient Coefficient
Of Lift Of drag Of moment
1. NACA 4311 0.48101 0.01089 -0.09216
2. NACA 3310 (p=38. 6%) 0.41505 0.00978 -0.08836
3. NACA 3310 (p=31. 8%) 0.39486 0.01063 -0.07784
4. NACA 2306 0.22477 0.00958 -0.04518
5. NACA 2206 0.21175 0.00955 -0.03669
6. NACA 2412 0.25889 0.01032 -0.05525
WHILE FOR CLARKY (from JAVAFOIL) we have the result as:
Table 2 : (Javafoil analysis)
Sl.no Airfoil Coefficient Coefficient of drag Coeff
Of Lift Of moment
1. Clark Y 0.44560 0.01231 -0.09714
(NACA 3411)

Table 3 (Result from Gedser Simulation), A textbook on the thesis in Aeronautical Engineering

Thus, on comparing the above table 1, 2 and 3,
we have the best result from NACA 4311 due to the
modification of Clark Y type airfoil for maximum lift and
minimum drag.

b) Analysis of NACA 4311

Therefore, to analyze the airfoil for its
characteristics and performance, a JAVAFOIL
has been used which is an Aerodynamic software
Source:  (http://www.airfoiltools.com/airfoil/naca4digit)
for the illustration of various aerodynamic properties.

c) Geometry

This is the first step in JAVAFOIL to obtain the
required shape of an airfoil by giving the details of airfoil
or by giving the coordinates and the airfoil will be
developed selecting the create airfoil option.

© 2014 Global Journals Inc. (US)

Airfoil Operational | Noroughness | Roughness | Difference | TSR - Wind speed m/s
Operational | 200 kW 4.4 0.32 8.5

NACA 4312 235 kW 210 kW 15%,5% | 44,44 | 036,034 | 85,85
CLARKY 218 kW 202 kW 9%, 1% 44,44 1 033,033 | 85,85
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Fig 2 : Geometry card: (here we observe the required airfoil in 2d view in a scale of 1/1)
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Modification

Geometry I Modifyl Design I “Yelocity | Floyfield | Boundary Layer I Polar I Aircraft Options

Moclity Airfail
Maime: NACA 4311 Trailing Edge Gap ’07 B Element
Number of Poirts, | |81 8] Pivot x- ’257 %]
Thickness tic: 11.626 %] Pivat y: ’07 3]
Camber fic: 3.535 %] Rotate: ’07 o

Seale by: 100 [%] Transkation x: ’07 %]

Flap Chord xfic: |25 [%%] Translation y: ’07 [%]
Flap Deflection & | |0 ] Duplicate Delete Flipp v Smaoth y ,D1—

to=1163 % @30581 %

fle = 3.654 % @ 3452 %

0

(1)

@

Thickness and Camber work in y-direction onhy.:

| - empty - - Copry (Text) |

Fig 3 . (Here in the second part of the analysis we have the modified 2D Dimensional view of the Clark Y Airfoil in a
scale of 100mm with the trailing edge gap as zero in order to get the smooth aerodynamic nature and named as
NACA 4311. This card can be used to perform various modifications to the airfoil geometry. Where we can see the
center red line which is called camber line, while the upper and lower dotted line are upper and lower surfaces.
Also upper and lower surface forms maximum thickness, which is given as t/c = 11.63 % @ 30.81 % and the
maximum camber of f/c =3. 54 is located at 34.52 % of the chord length. While the points at trailing
edge are intersecting with the ground)

So, after modification we get properties of aifoil on modified screen are
e Smoothy Y = 0.1, which describes that the airfoil has a smooth spline curve.

o (Pivot x=25%) horizontally at red point describes that the angle of attack of the airfoil is always change by
rotating the section around the pivot point specified on the Modify card.

© 2014 Global Journals Inc. (US)



d) Design

Geometry Moty Design “Yelocity Flowfield Boundary Layer Polar Ajrcraft Options

Design Airfoil
Name: |NAC-‘\ 4311 [v smooth Target Cp y(x)or yis) | 4 m 3
MNumber of Steps: |5 H Angle of Attack: o.000 1 LE Enlargement
Relax by: |1 0.000 [%&]) single side Cp-modification -

-1.0

Cp =—a Target
— Cumert: Cl=0.42101, Cd = 0.01086, Cm 0.25 = -0.09216

0.5

o.o

0.4

10 + ' ; ; xic

oo 0z 04 0.6 0.8 10

Thickness and Camber work in y-direction only.

Setup | Design i | Redraw: | Undo | Details... |

Fig 4 (Here we can see the 2D Dimensional design of the NACA 4311 Airfoil, and it is delivering a lift of (Coefficient
of lift) = 0.48101 and Coefficient of drag as 0.01086 at an angle of attack = 0°, while the graph shows the coefficient
of pressure along the length of the chord(c))

e Here from the above (figure 4) we see that a graph is plotted for the airfoil and the upper surface is having the
coordinates in negative mostly just because airfoil is experiencing a negative pressure and the lower surface is
having a positive coordinates mostly just because it is experiencing a positive pressure which is responsible for
the lift of an airfoil.

While, - = —- ratio gives Glide Ratio of the flight
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e) \Velocity

After design first it will calculate the distribution of the velocity on the surface of airfoil which can

integrated to get the lift and the moment coefficient. Number for different angle of attack.

be

Geometry Modify Cesign Velocity | Flownefield Eoundary Layer Polar Ajrcraft Options
“elocity Distribution
first Angle of Aftack: o : 14 Cl Cd Cm 0.25 Cp* M cr. -
last Angle of Attack: 10 - 1 [-1 [-1 [-1 [-1 [-1 E
oo 0.479 0.01 056 -0.052 -0.856 0702
FrIsTiEEErE (R 10 0595 | 001397 | 0084 | 0867 | 0E6a0
20 0.714 0.01470 -0.055 -1 056 0659 -
Velocity Distributions — 0.oo°
B 1.00°
e—a 700"
+—+ 3,007
= 4.00°
= .00
ot GO0
4—i 7,000
= 8.00°
S—>0.00°
— 10.00®
el
04 05 08 10
v add to plote The velocity diztribution can be helpful to smeoth an airfoil.
Show distributions of  * Velocity Ratio w' { Pressure Coefficient Cp ¢ Mach
Analyze ! | Prirt... | Save... | Copy [Text) |

Fig. 5 . (Velocity distribution past a NACA 4311 at an angle of attack of 10°. The results are for free flow.)

Therefore, the analysis on the velocity provides
the information about the behavior of the airfoil which
varies with the angle of attack. Hence from the above
figure of Velocity distributions we can see that how it has
behaved along the length of an airfoil for different
angles, Also we can see the coefficient of lift (C;)and
Coefficient of drag (C;) along with the pitching
moment (C,, ), coefficient of pressure (C,) and Mach
number (M,,.).

So, here we get the velocity distribution over
airfoil (NACA 4311) for 10° of angle of attack in 10 steps
which is shown by the ten upper line and ten lower line
indicated on the right hand side top corner of the figure
5While the (0-0) is the velocity distribution on the
surface, where we can see that the velocity distribution
is low at the stagnation point as it had dropped
downwards due to the high pressure and again the
velocity is much high in the upper surface than lower
surface and it has again dropped down in the trailing
edge without overlapping of upper and lower velocity

© 2014 Global Journals Inc. (US)

distribution profile and also it suggest that it is a laminar
flow since no overlapping of profile is noticed. And the
coefficient of lift (C;) and drag ( C; ), pitching
moment(C,,), and critical coefficient of pressure (C,) are
increasing for every 10° angle of attack. Rather the
Mach number(M,, ) is decreasing for every 10° angle of
attack.

While, My 5 (Nm) is the pitching moment at 25%
chord point.
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Genmetry | htocdify | Desion | Velocity I Flowfild Boundary Layer | Palar | Ajrcraft Options
“elocity Distribution
TRUATL2ITAEEE I” : 6.0 1162 | ognd | oos0 | -2050 | 0538 &
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v Addto plots The velocity distribution can be helpful to smooth an airfeil.
Show distributions of % Velocity Ratio wV { Pressure Coefficient Cp { Mach

Analyze ft! Copry [ Text)

Fig 6 : (Velocity distribution for 10° angle of attack with different characteristics of (C;), (Cy), (C,,) and Mach number
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Analyze it | Print... | Save... | Copy (Text) |

Fig 7 : (Velocity distribution profile with the pressure coefficient)

Therefore from the figure 7, we can see the
pressure coefficient in a thin red lines for ten different
angle of contact. And the Critical mach number for Q° is
0.702 and for the 10° the mach number 0.400. Hence
the mach no is less than 0.8 so it concludes that the
flight is subsonic. While the pressure are low in the
upper surface of airfoil and high on the lower surface
which creates the lift.

7 Mach Number

Mach number (M or Ma) is the ratio of speed of
an object moving through a fluid and the local speed of
sound.

Vob ject
M = 2Bt
Vsound

Where, vis the velocity of the source relative to
the medium and v, iS the speed of sound in the
medium.

Table 4 . (General Plane Characteristic)

Regime: |Mach| Mph |km/h| m/s

Subsonic| <0.8 | <610|{<980|<270

Most often propeller-driven and commercial turbofan aircraft with high
aspect-ratio (slender) wings, and rounded features like the nose and

General plane characteristics

leading edges.

© 2014 Global Journals Inc. (US)



Fig. 8 :Mach number in transonic airflow around an airfoil; M < 1 (a) and M > 1 (b)

g) Thus from Figure 5, 6 & 7

e One can compare the velocity distribution for any
angle of attack without and with ground in effect.

h)  Flowfeild

Here in (Figure 9) the flow can be seen around
the airfoil considering the angle of attack as 10° and with
the boundary layer around an airfoil, it also incudes the
friction to show the boundary layer to result the exact
behaviour of an airfoil as in practical. Where the
rectangular grid is showing the local velocity points. And
these calculation uses the vorticity distribution on the
surface and neglects friction which leads to no
seperation flow or a wake behind the airfoil. And the
streamlines are calculated from the software with the
help of Runge Kutta method and Streamlines around the
submersed airfoil can be seen through the blue
continuity lines, while the black tuffs are the black
discontinued dashes.
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Geometry I Moclify I Design I Welocity I Flowﬁeldl EBoundary Layer | Polar I Ajrcraft Options

Flawy Fieldd

Angle of Attack: |1 o = o Re Mach A Cl Cd Cm 0.25
Steps in x-Direction: IBU Field size: 50% - | 5| 5| 6] 6] Ll Ll

10.000 | 100000 | 0.000 = 1.483 | 003540 | -0.093
Steps in y-Direction: |3EI Color Map Type: T -

¥ black Tufts |+ colored Field | Iso CpLines | CpVectors ¥ Streamiines | timed | increased Accuracy

Show distributions of ~  Velocity Ratio vV " Pressure Coefficient Cp

Analyze Print... Save. .. Copry (Text) Irtegrate

Fig. 9 : Streamlines around the submersed hydrofoil (note that image is clipped at y=0) but the generated surface
wave are extending above this border
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Leading edge stagnation point

\\

g

D

~

W

Fig. 10 : (stagnation points)

© 2014 Global Journals Inc. (US)

XIV Issue VII Version I E Year 2014

Global Journal of Researches in Engineering (A) Volume



Global Journal of Researches in Engineering (A) Volume XIV Issue VII Version I E Year 2014

ANALYSIS OF AN NACA 4311 AIRFOIL FOR FLYING BIKE

/) Stagnation Point
A stagnation pointis a point in a flow field where the local velocity of the fluid is zero.

GEometey I Modify I Design I “elocity I Fluwﬁeldl Boundaty Layer | Polar | Aircraft | Options

Flawe Field

Angle of Attack: |1 0 = « Re Mach A Cl Cd Cm 0.25

Steps in x-Direction: |au Field size: 50% - Il Ll Il L I L Ll
10.000 | 100000 | 0.000 £ 1.4583 |0.03540 | -0.093

Steps in y-Direction: I'.’-D Color Map Type: 7 -

¥ black Tufts ¥ colored Field ¥ Iso Cp Lines | Cp Vectors [v Streamlines v timed v increased Accuracy

Show distributions of % Velocity Ratio vV 0.745 i Pressure Coefficient Cp

Analyze ! Prirt... Save.. Copy [Text) Irtegrate

Fig. 17 (The velocity ratio is zero at the Red location for which the v/V is given as 0.0 at the stagnation point)

/) Pressure Distribution

It has been determined that as air flows along
the surface of a wing at different angles of attack there
are regions along the surface where the pressure is
negative, or less than atmospheric, and regions where
the pressure is positive, or greater than atmospheric.
This negative pressure on the upper surface creates a
relatively larger force on the wing than is caused by the
positive pressure resulting from the air striking the lower
wing surface.

© 2014 Global Journals Inc. (US)
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OF ATTACK

AMGLE
OF ATTACK

AMOLE =
OF ATTACK =10

[

Figure 12 : Pressure distribution on an airfoil

Geometry I hodify | Design | Welocity I Flowﬁeldl Eoundary Layer | Polar I Ajrcraft Options I

Flow Field

Angle of Attack: |1 1] = o Re Mach n Cl Cd Cm 0.25
Steps in x-Direction: IED Field size: S0% - 1 Ll ] ] Ll ] ]

10.000 | 100000 0000 ] 1.4583 0.03540 | -0.093
Steps in y-Direction: IBD Color Map Type: r -

= = — Flow Field

|7 black Tufts |7 colored Field |7 Iso Cp Lines |7 Cp Vectors |7 Streamlines |7 timed F increased Accuracy

Show distributions of Velocity Ratio vy 0.200 {+ Pressure Coefficient Cp

Print... Save..

Analyze i Copy (Text) Integrate

Fig. 13 : (Pressure distribution around airfoil)
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While the pressure distribution is described in
terms of Pressure coefficient and from the figure we can
see the positive pressure and negative pressure along
the length of an airfoil. Because the velocity of the flow
over the top of the airfoil is greater than the free-stream
velocity, the pressure over the top is negative.

Therefore here (from figure 13), we have the
centre of pressure at the yellow point/region and we can
read the pressure as Coefficient of pressure as (-2.0),
similarly we can read the positive pressure which is
responsible for the lift of an airfoil as Cp= 1.0 indicated

in blue color while the negative pressure can be read
which is around the upper surface of an airfoil.

k) Bounaary Layer

The boundary layer analysis describes the
behaviour of an airfoil around it with the flow of air. The
boundary layer module works best in the Reynolds
number regime between 500'000 and 20'000'000. During
the way towards the trailing edge, the method checks,
whether transition from laminar to turbulent or separation
occurs.

Geametry tlodify Design Yelocity Flowetield Boundary Layer | Palar Aircraft Options
Boundary Layer Details
Re: 100000 BoTu o pg
Angle of Attack: 0 M TL |'I 0o [%&] o Re Mach n Cl Cd Cm 0.25
Surface Finish: smooth finish - 1 [-1 [-1 [-1 [-1 [-1 [-1
0000 | 100000 | 0.000 L 0479 |0.01086 | -0.052

Thickness Plot | Shape Plot Cf Plot 100000

0.0z0

0.015

o.o1o

0.005

0.000 FREE

E—8§y, Re = 100000
5ob,
+—+ By

oo

[+ Add to plots

Analyze [t

Copry ([Text)

A maximum of 10 Reynolds numbers is stored in the tables.

Save.. Print...

Fig. 14 : Analyzed boundary layer of NACA 4311

Therefore (from figure 14), we see that for §;, 8,
and &85 the blue line is indicating transition of flow from
laminar to turbulent on the upper layer of the airfoil
surface (TU) and transition of flow from laminar to
turbulent on the lower layer of the airfoil surface (TL)
while (SL) is indicating the turbulent separation of the
flow near the end of the trailing edge.

2014 Global Journals Inc. (US)

Where,

. 81 (m) is the displacement thickness of boundary
layer is the distance by which a surface would
have to be moved in the direction perpendicular to
its normal vector away from the reference plane in
an inviscid fluid stream of velocity 1y to give the



same flow rate as occurs between the surface and A*
the reference plane in a real fluid. H=—

*

8z (M) is momentum thickness of boundary layer 0 Note 07 = 6,/85and 6 = ¢,

is the distance by which a surface would have to be Where, H is the shape factor, A% is the
moved parallel to itself towards the reference plane displacement thickness and 6 is the momentum
in an inviscid fluid stream of velocity g to give the  thickness. The higher the value of H, the stronger the
same total momentum as exists between the aqverse pressure gradient. A high adverse pressure
surface and the reference plane in a real fluid. gradient can greatly reduce the Reynolds number at

g (m) is energy thickness of boundary layer which transition into turbulence may occur.

T s transition laminar-turbulent e Hiz= & /8 is the shape factor of boundary
S s turbulent separation layer and Haz= &3/82 5 the shape factor of

U is upper surface boundary layer, Cy is the local skin friction

i fficient.
L is Lower surface coefficient

A shape factoris used in boundary layer flow to
determine the nature of the flow.

Geametry hodify Design “elacity Flovwefield Boundary Layer Polar Aircraft Options

Boundary Layer Details

Re: 100000 ST TR (TR
Angle of Attack: 0 1 TL: |1EIEI [%] i3 Re Mach n Cl cd Cm 0.25
Surface Finish: smooth finih - [l Ll L] Ll Ll Ll L]
0.000 | 100000 | 0.000 = 0479 | 001086 | -0.082
Thickness Plat Shape Plot | CtRict | 100000
<000

& Hyg. Re = 100000

=3 H
TL. =

24500

2.000

2.500

2.000

1.500

1.000

0.500

0.000 X

oo 0.z 0.4 0.6 IR 10

v Add to plots A maximum of 10 Reynelds numbers is stered in the tables.

Analyze ft! Copy [ Text) Save.. Print...

Fig. 15 Flow state graph on airfoil NACA 4311
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Pressure gradient is high (red line at point
Hy, > 3.5 for the Reynolds no. Here (from figure 18) it
can be observed that for the maximum thickness of the
airfoil, number (Re) =100000. Also we can see the for
the Hs,

Where,

Hs, 151500 Will have the laminar flow and Hq, <
1.46 will have the turbulent flow, which can be observed
from the figure 18, at TU,TL and SU,SL. The blue line is
indicating transition of flow from laminar to turbulent on
the upper layer of the airfoil surface (TU) and transition
of flow from laminar to turbulent on the lower layer of the
airfoil surface (TL) while (SL) and (SU) is indicating the
turbulent seperation of the flow near the end of the

trailing edge in the lower and upper surface of NACA
4311 in the both cases of H;;, and H;,.

Table 5 . Shape factor boundary layer condition

Flow State Separation assumed when
Laminar H,, < 1.51509
Turbulent Hiy <146

Also shape factor displacement thickness/
momentum thickness has the relation as

Geametry hodify Design “elacity Flovwefield Boundary Layer | Palar Ajrcraft Options
EBoundary Layer Detailz
Re: [ooooo @ Tu: fi0 W
Angle of Attack: 0 1 TL: |1 oo [%%] i3 Re Mach n Cl cd Cm 0.25
Surface Finish: smooth finish - L] L] L] L] L] Ll Ll
0000 | 100000 0.0o0 ] 0479 (001086 | -0082

Thickneszz Plot Shape Plot Cf Plot | 100000

0.050

0045

0.040

0035

0030

0.025

0.0z0

D015

o.oio

0.005

0000

B8 Ly, Re = 100000

oo

v Add to plots

A maximum of 10 Reynolds numbers is stored in the tables.

Analyze it | Copy (Text) | Save.. | Pririt... |

Fig. 16 (local skin friction coefficient)
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Seometry modify Design Welocity Flovwfield Boundary Layer Folar Ajrcraft Options

Boundary Layer Details

Re: 100000 -1 T.U.: 100 [%%]
Angle of Attack: a 1 TL.: |1 oo [%&] o Re Mach A Cl Cd Cm 0.25

Surface Finish: smooth finish - 1 L1 L1 L1 L1 L1 L1
0.000 100000 0.000 sl 0.4749 0.01086 | -0.052
Thickness Plot Shape Plot f Plat 100000
xic yic v &1 &_2 &_3 Red_2 c_f H_12 H_32 State ¥l -
-1 -1 -1 -1 -1 -1 -1 L[] L[] L[] L[] %]

1.0000 0.0000 04585 |0.021438 |0.005595 (0011208 58.7 0.0000 3535 2.0031 Sep. 0.0000
0.9956 0.0004 06842 |0.021438 |0.005595 (00112058 3828 0.0000 3835 2.0031 sep. 0.0000
0.9941 0.0 s 05341 |0.021438 |0.005595 (0011205 4668 0.0000 3835 2.0031 sep. 0.0000
0.9865 0.0035 0.5885 |0.021438 |0.005595 (0011205 497 .2 0.0000 3835 2.0031 turb. 0.0000
0.8760 0.0081 0.9264 |0.011587 |0.005900 (0009270 ( 5645 00018 189655 1.5711 turb. 0.0335
0.9626 0.0094 0.9570 |0.009602 |0.005290 (0005453 5202 0.0023 1.8151 16037 turk. 0.0296
0.9454 0.0133 0.9534 |0.008271 |0.0045304 (0007816 4839 0.0027 17218 1.6271 turk. 00273
0.9274 00177 1.0073 |0.007325 (0004410 (0007251 [ 4539 0.0030 16609 1.6441 turk. 0.0258
0.9058 0.0226 0293 |0.006569 (0004063 |000E735| 4267 0.0033 16165 1.6574 turk. 00247
0.5818 0.0zvg 0495 |0.005964 (0003763 |000E27S | 4024 0.0035 1.5848 16674 turk. 00239
0.5553 0.0336 0691 [0.005443 (0003457 |0.005542| 3793 0.0037 15608 16753 turk. 0.0233
0.5267 0.0394 0576 |0.004995 0003235 |0.005445| 3579 0.0039 1.5434 1.6813 turk. 00228
0.7950 0.0454 1052 [0.004600 (0003005 |0.00S0E6 | 337.3 0.0040 15307 1 .6857 turk. 0.0224

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

m

1.
1.
1.
1.
1.
1.
0.7293 0.0574 1.1386 |0.003911 |0.002575 (0004358 | 297 .7 0.0042
1.
1
1
1
1
1

0.7635 0.0514 1222 |0.004241 |0002786 (0004705 | 317.3 0.0041 5221 BBE7 turb. 0.0221

S173 E904 turb. 00218
0.6937 0.0633 1547 |0.003612 |0.0023582 (0004025 | 2788 0.0043 S1E3 B0 turb. 0.0216
0. 6565 00659 1704 |0.003335 |0.002194 (0003705 | 2602 0.0045 5198 ES96 turb 00215
0.6189 0.0743 1859 |0.003079 |0.002014 (0003396 | 2419 0.0045 5290 BBE3 turb 00215
0.5803 0.0793 2012 |0.0025851 |0.001544 (00030599 | 22435 0.0045 5462 BB03 turb 00216
0.5411 00535 2165 |0.002652 |0.001652 (00025809 | 207 2 0.0041 5765 G702 turb 0.0220
05017 00575 2517 |0.002492 |0.001550 (0002529 | 1905 0.0039 6295 B536 turb 00225 i

v Add to plote A maximum of 10 Reynolds numbers is stored in the tables.
Analyze k1 Copy (Text) Save... Prirt...

Fig. 77 . (different value of calculated properties for the boundary layer)

GEOmEtry Moty Design Welncity Flavafield Boundary Layer Polar | Ajrcraft Options

Ajrfoil Polars

first Reynolds Number: 100000 H T.U.: 100 [3&] first Angle of Attack: o 1
last Reynolds Number: 500000 [ TL.: 100 [%&] last Angle of Attack: 10 1
Reynolds number step: 100000 &) Angle of Attack step: 1 1

Surface Finish: smooth finish hd
Cl-Cd Plot | 100000 200000 300000 400000 500000 Lift | hloment Upper Lowver
2.0 = £ =]
1 HACA 4311 &8 Re = 100000
=—a 200000
+—+ 300000
= 400000
15 “e— 500000 1.5
10 10
048 0.8
00 . . . . = 2z g
o.0on 0.010 D020 D.oz0 0.040 D.gs0 -0 ] 1] 1.0
-0.5 &
v Add to plots Stall medel: Calcfoil Transition model: Eppler standard -
Analyze Copy (Text) Save. Prirt...

Fig. 18 . (Lift versus drag coefficient polars for a NACA 4311 airfoil and wings of different aspect ratio)
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The graph above shows the effect of lift over
drag coefficient. Starting with infinite aspect ratio (aspect
ratio = 0 on the Options card). It can be clearly seen,
that for five Reynolds number (Re) the lift is increasing
for larger value of (Re). As the lift will be maximum if the
flow of air around the airfoil will be maximum.

/) Polars for Constant Wing Loading

The lift coefficient of any body depends on the
speed because the wing loading is usually fixed during
flight — flying at low lift coefficients results in high speeds

(and high Reynolds numbers) and vice versa. Therefore
the operating points during flight would slice through a
set of polars having constant Reynolds numbers. It is
possible to create polars more closely related to the
conditions during flight. This would require adjusting the
wind speed to each lift coefficient, which is cumbersome
and expensive in a wind tunnel, but feasible in a
numerical tool like J AVAFOIL. And here we use the
Aircraft card to calculate polars for a given wing loading.

Geathetry Moty Design Welocity Fleray fieded Eoundary Layer Paolar Aircraft Options
Ajrfail Polars
firet Reynolde Number: 100000 1 T.U.: 100 [%%] first Angle of Attack: 0 1
last Reynolds Number: 500000 1 TL.: 100 [5&] last Angle of Attack: 10 1
Reynolds number step: 100000 1 Angle of Attack step: 1 1
Surface Finish: smooth finish hd
Cl-Cd Plat 100000 200000 300000 400000 500000 Lift | Maotmerit Upper Lowver
o Cl Cd Cm 025 T T.L. S.1. S.L. Lo A.C. (G
1 [-1 L] [ [-1 [ [ [ [ L] [ 2
00 0479 |0.00715| -0083 | 0.335 | 0555 | 0.992 | 0996 [66.762 | 0261 | 0423 Ll
10 0595 |0.00747 ( -0084 | 0320 | 0903 | 0.991 0994 | 50,002 [ 0261 0.391
20 0716 |0.00768( -0085 | 0.306 | 05929 | 0990 | 0.994 |93.082 | 0.261 0.369
30 0534 |0.00311 | -0087 | 0.2895 | 0945 | 05958 | 0993 (102865 0.262 | 0.354 s
40 0951 |0.00356( -0085 | 0.286 | 0857 | 08957 | 0893 (111120 0262 | 0.343
5.0 1.066 |0.00313|-0090 | 0.275 | 0965 | 0.953 | 0994 [131.114| 0263 | 0.334
g0 1477 |00136( -0091 | 0.267 | 0872 | 0579 | 0.995 (103599 0264 | 0327 1.0
7o 1.282 |0.01236( -00583 | 0.244 | 0877 | 0872 | 0997 [103.756| 0265 | 0.322
g0 1378 |001376( -0054 | 0.215 | 0981 0962 | 0999 (100171 | 0.261 0318
an 1.450 |0.02074(-0084 | 0.05 | 0987 | 0899 | 0999 (69924 | 0258 | 0315 v
100 | 1.515 [0.02344 | -0095 | 0012 | 0930 | 0863 | 0999 |64.764 | 0263 | 033 i
L0 ©
1.0 op 0.0
5
¥ Add to plots Stall model: Calcfoil - Transition model:  Eppler standard -
Analyze it Copy (Text) Save... Prirt ...

Fig. 19 . (polar condition of flight for differnt Reynolds number (Re))

m) Aircraft

The Polars card analyzes the airfoil for constant
Reynolds numbers. For an aircraft in flight the lift
coefficient depends on the flight speed and hence on
the Reynolds number.
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Geometry Moddity Design “Yelocity Flowwfield EBoundary Layer Polar Aircraft | Options
Aijrtail Palars
first wing loading: 180 [ka/m=] T.U.: 100 [3%] first Angle of Attack: 0 I'1
last wing loading: 280 [kg/'m®] TL: 100 [%&] last Angle of Attack: 10 1
wing loading step: |20 [ka/m=] chord length: 1 [mi) Angle of Attack step: 1 I'1
Surface Finish: MACA Standard hd
280
Cl-CdPlot | 150 | 200 | 220 240 260 Lift | Moment Lper Laowver
o Re Cl Cd Cm 0.25 TU TL su SL LD

1 [-1 [-1 [-1 [-1 [-1 [-1 [-1 [-1 [-1 5

0o EEEEE | 0473 (001160 | -0.083 0.087 0.032 0935 0999 | #1312 5

1.0 SSEEE | 0598 (00122 | -0.084 0.ar2 0.04E 0995 0999 | 49343

20 SA4EE | 077 [001266 | -0.086 0.061 0.063 0995 0999 | SEE09

3.0 S04E6 | 0835 |001335 | -0087 0.045 0.054 0994 1000 | 62562 e

40 473E6 | 0852 |(001274 | -0088 0.033 0107 0992 1000 | 74762

5.0 44665 | 1065 |0013681 | -0.090 n.oz2 0135 0589 1.000 | 78435

5.0 424E6 | 1479 |[001325 | -0.09 0014 0169 09585 1.000 | 88961 1.0

7.0 40666 | 1.233 |0.01843 | -0.093 0.mo 0.217 04975 1.000 | 69650

8.0 383E6 | 1.380 |[0.01934 | -0.094 0.006 0.365 0965 1.000 | 69.550

9.0 JE1ES | 1466 |002169 | -0.095 0.004 0.390 0953 1.000 | 67575 e

10.0 ITIES | 1.540 002373 | -0.097 0.004 0.421 04934 1.000 | 64895 i

L0 @
op
n_:
4 n 3
[V Add to plots Stall model.  Calcfoil - Transition model:  Eppler standard -
Analyze (! Copy (Text) Save... Print...

Notes

Fig. 20 . (Wing loading condition for maximum weight and result for different angle of attack)

e To check the airfoil for different angles of attack, one
can analyze complete polar for different angles of
attack and Reynolds numbers. The angle of attack
is changed by rotating the airfoil around the point
(0.25/0), which will change the height of the airfoils
25% chord point above ground somewhat.

n) QOption

The aspect ratio is used for an approximate
correction of the results on the Polar and Aircraft cards
for a finite wing.
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Geometry Modify Design “elocity Flowfield

Adiuzt the desired Cption=).

JavaFuoil

Boundary Layer Palar Ajrcraft Options |

Version 2.21 - 1 March, 2014.

Copyright @2001-2014 & Martin Hepperle

Tranzlation to French by Giorgio Toso.

Translation to falian by Giorgio Toso.

Translation to Spanish by lzrael Gandara.

Translation to Portuguese by Jodo Alveirinho Correia.
Tranglation to Finnish by Matti Hyatyniemi.
Translation to Dutch by Henri Rommelze.

“our current system settings
“four user name is admin.

System language code is en.
zelected country is India, selected language is Englizh.

Country Settings: India -
Density p: |1 2210

Kinematic Viscosity v:  [0.000014507

Speed of Sound a: |34D.29

Mach: |IZI

Aspect Ratio: [

Height / Span: |IJ.E

sweep angle: |III.IJ

Character Set: windows-1252 -

* unbounded flow field  ground effect (ground at y=0)

“ou are running Windows 7, Java version 1.7.0_&67, Java memory is 15872 / 253440 kB.

(decimal character is: "', path separator: "}
[kaim]
[mis]

[mi=]

{ground effect onhy)

&

used for files and clipboard exchange

™ Froude effect (free surface at y=0)

Save... | Cpen... | Script | [ Clear preferences on exit

Fig. 21 : (Setup values for the analysis of Airfoil data)

[1I.  CONCLUSION

From the analysis program in Java Foil for an 1.
NACA 4311 it is observed that on the final loading of
both front and rear wings, the result is positive and there
is no drop in coefficient of lift for angle of attack
considered (x=10° with the consideration of ground 2.
effect with a air density of 1.2210 kg/m® and kinematic
viscosity (v) of which results for the unbounded flow for
the swipe angle of 0.0 because the wing considered is
uniform in cross section (rectangular) behaving under 3.
speed of sound (a=340.29 m/s) as it result the mach
number.
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