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Abstract: A wing is a type of fin with a surface that produces aerodynamic forces facilitating movement through
air and other gases, or water and other liquids. As such, wings have an airfoil shape, a streamlined cross-
sectional shape producing lift. Flaps are a type of high-lift device used to increase the lift of an aircraft wing at
a given airspeed. Flaps are high lift devices attached to the leading or trailing edge of a wing. They help to
increase the value of Lift coefficient and the Stall Angle during the take-off phase of an aircraft. In this paper
application of flaps during take-off/landing phase at different angle of attack has been highlighted. By literature
review it found that lot of work has been finished on flap wings and lot of research completed on stalling but
there is no any work on analysis of effect of combination of Mach no, angle of attack and flap deflection over a
5 digit NACA aerofoil. NACA 23012 aerofoil was selected for this work. This analysis completed for take-
off/landing and cruising speed.Mesh was generated with Nodes 75879 and Elements 75000 by Quadrilaterals
Method. Mesh quality checked by Minimum Orthogonal Quality and maximum Aspect Ratio. Steady-state
density based implicit solver and K-w SST turbulent model was selected because of compressible aerodynamic
flow. NACA aerofoil Scaled Model was manufactured by using NACA profile for experimental work and Wind
tunnel setup was developed for 18 measurement points and CFD results were validated by pressure coefficient
calculated by wind tunnel setup. Finally concluded that the best condition is AOA = 15 at M=0.3 (Take off &
landing speed) with flap to generate High lift or drag and the best condition is AOA= 3 at M = 0.8 (cruising
speed) without flap to get high drag and also concluded that after AOA = 15 there is stalling at cruising speed.
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I.  Introduction

A wing is a type of fin with a surface that produces aerodynamic forces facilitating movement through
air and other gases, or water and other liquids. As such, wings have an airfoil shape, a streamlined cross-
sectional shape producing lift. The design and analysis of the wings of aircraft is one of the principal
applications of the science of aerodynamics, which is a branch of fluid mechanics. The properties of the airflow
around any moving object can in principle be found by solving the Navier-Stokes equations of fluid dynamics.
For a wing to produce "lift", it must be oriented at a suitable angle of attack relative to the flow of air past the
wing. When this occurs the wing deflects the airflow downwards, "turning" the air as it passes the wing. Since
the wing exerts a force on the air to change its direction, the air must exert a force on the wing, equal in size but
opposite in direction. This force manifests itself as differing air pressures at different points on the surface of the
wing. The different velocities of the air passing by the wing, the air pressure differences, the change in direction
of the airflow, and the lift on the wing are intrinsically one phenomenon. It is, therefore, possible to calculate lift
from any of the other three. For example, the lift can be calculated from the pressure differences, or from
different velocities of the air above and below the wing, or from the total momentum change of the deflected air.

[5]

Usually, aircraft wings have various devices, such as flaps or slats that the pilot uses to modify the
shape and surface area of the wing to change its operating characteristics in flight. Flaps are a type of high-lift
device used to increase the lift of an aircraft wing at a given air speed. Flaps are usually mounted on the wing
trailing edges of a fixed-wing aircraft. Flaps are used to lower the minimum speed at which the aircraft can be
safely flown, and to increase the angle of descent for landing. Flaps also cause an increase in drag, so they are
retracted when not needed.

The purpose of the flaps is to generate more lift at slower air speed, which enables the airplane to fly at
a greatly reduced speed with a lower risk of stalling. This is especially useful during takeoff and landing. When
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extended further, flaps also generate more drag which slows the airplane down much faster than just reducing
throttle.

Extending the wing flaps increases the camber or curvature of the wing, raising the maximum lift
coefficient or the upper limit to the lift a wing can generate. This allows the aircraft to generate the required lift
at a lower speed, reducing the stalling speed of the aircraft, and therefore also the minimum speed at which the
aircraft will safely maintain flight. The increase in camber also increases the wing drag, which can be beneficial
during approach and landing, because it slows the aircraft.

They help to increase the value of lift coefficient and the Stall Angle during the take-off phase of an
aircraft. Stall Angle is the angle between the chord line of an airfoil and the undisturbed relative airflow at
which stalling occurs where stalling refers to the condition when there is a sudden reduction in the lift generated
by the wing. If the stalling angle is higher compared to plain airfoils it allows the aircraft to take off at lower
speeds and hence it can even take off from shorter runways. Flaps when fully extended during the landing phase
of an aircraft tend to increase the drag so that the aircraft can land on the runway with a safe speed depending
upon the shape, size and weight of the aircraft. [3]

1.1 NACA Aerofoil:The NACA airfoils are airfoil shapes for aircraft wings developed by the National Advisory
Committee for Aeronautics(NACA). The shape of the NACA airfoils is described using a series of digits
following the word "NACA". The parameters in the numerical code can be entered into equations to precisely
generate the cross-section of the airfoil and calculate its properties.Aerodynamicists control the flow field
through geometry definition, and are always interested in possible geometric shapes that would be useful in
design.

1.2 The NACA 5-Digit Series Airfoil: The NACA Five-Digit Series uses the same thickness forms as the Four-
Digit Series but the mean camber line is defined differently which allowed for camber to be concentrated near
the leading edge and the naming convention is a bit more complex. A reflexed camber line was designed to
produce zero pitching moment, but has generally not been used.[14]

1.3 Statement of Problem:An airplane stall is an aerodynamic condition in which an aircraft exceeds its given
critical angle of attack and is no longer able to produce the required lift for normal flight. This type of stall
should not be confused with an engine stall, familiar to anyone who has driven an automobile. When flying an
airplane, a stall has nothing to do with the engine or another mechanical part. In piloting, a stall is only defined
as the aerodynamic loss of lift that occurs when an airfoil (i.e., the wing of the airplane) exceeds its critical angle
of attack.Stalling is caused by flow separation which, in turn, is caused by the air flowing against a rising
pressure.For the trailing-edge stall, separation begins at small angles of attack near the trailing edge of the wing
while the rest of the flow over the wing remains attached. As angle of attack increases, the separated regions on
the top of the wing increase in size as the flow separation moves forwards and this hinders the ability of the
wing to create lift.So its need to analysis and study of stalling at different angle of attack, Mach no and flap
angles.

1.4 Objective

1. Study of effect of different Mach no on NACA 23012 aerofoil.

2. Analysis of Flap deflection angle (8) on Lift at the time of landing and take-off of aero-plane

3. Analysis of effect of Angle of attack for stalling at Average cruising speed

I1. Geometry, Meshing& Solution:
2.1 Geometry:Because of its best design NACA 23012 has selected. It has lift coefficient of 0.15 x 2 = 0.3. Its
maximum camber point is at 3 x 0.05 = 0.15 of the chord. That is, the max camber occurs at the point that is
15% of the chord behind the leading edge. The digit 0 in the middle tells you this airfoil has a simple camber
line. The trailing edge does not curve up (reflex camber). The thickest point of the airfoil is 12% of the
chord.Geometry & Computational domain was prepared in Ansys Work bench
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Figure 1: Geometry of NACA aerofoil (a) Deflection anlgle =0 (b) Deflection anlgle =20
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Figure 2: Computational domain of setup
2.2 Meshing: Mesh was generated with Nodes 75879 and Elements 75000 by Quadrilaterals Method and Mesh

quality checked by Minimum Orthogonal Quality = 4.64981e-01 which is very good because Poor quality is O
and best quality is 1 and by Maximum Aspect Ratio = 54.4975 which is not high.
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Figure 3: Meshing of Computational Domain

DOI: 10.9790/1684-1604044554 www.iosrjournals.org 47 | Page



Analysis of Stalling Over FLAPED Wing of an Aeroplane by CFD Code

2.3 Solver: Ansys Fluent was used for the analysis of stalling.Study-state density based implicit solver and
transition SST turbulent model was selected because of compressible aerodynamic flow.

2.4 Boundary Condition: Pressure far field and Pressure outletboundary conditions was selected for inlet,
aerofoil surface and outletof computational domain.

2.5 Cases to be investigated: Total 20 Cases were simulated in Ansys fluent CFD code

Table 1: Cases to be investigated by CFD code

Flap Deflection Mach No (M) AOA Flap Deflection Mach No (M) AOA
Angle (8) (o) Angle (8) (o)
0.3 3 0.3 3
(Landing & take —off speed) 8 (Landing & take —off speed) 8
12 12
15 15
0 20 20 20
0.8 3 0.8 3
(Average Cruising speed ) 8 (Average Cruising speed ) 8
12 12
15 15
20 20

1. Result and Discussion

(d) (€)
Figure 4: Pressure contour at DA=0 & M = 0.3 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20
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(d)
Figure 5: Velocity contour at DA=0 & M = 0.3 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20
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Figure 6: Pressure contour at DA=0 & M = 0.8 for (a) AOA=3 (b) AOA = 8 (c) AOA=12 (d) AOA=15 (e)
AOA=20
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(dj i
Figure 7: Velocity contour at DA=0 & M = 0.8 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20

(d) ()
Figure 8: Pressure contour at DA=20 & M = 0.3 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20

DOI: 10.9790/1684-1604044554 www.iosrjournals.org 50 | Page



Analysis of Stalling Over FLAPED Wing of an Aeroplane by CFD Code

(b) (c)

(d) ()
Figure 9: Velocity contour at DA=20 & M = 0.3 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20
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Figurel0: Pressure contour at DA=20 & M = 0.8 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20
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Figure 11: Velocity contour at DA=20 & M = 0.8 for (a) AOA=3 (b) AOA =8 (c) AOA=12 (d) AOA=15 (e)
AOA=20

Discussion

Figure 4-5 show that without using flap at take-off & landing speed if angle of attack increases then
pressure increases at bottom side of aerofoil &drag decreases but wake will reduce.Figure 8-9 show that if flap
uses at take-off & landing speed there is more increment in presure at bottom side of aerofoil.It means flap
increases high lift with AOA increment but after AOA = 12, drag drastically decreases and after AOA=15, there
is high wake generation around Aerofoil.Figure 6-7 show that without using flap at cruising speed, if AOA
increases then there is no more increment in pressure at bottom of aerofoil but wake increases up to AOA =12
and there is detaching of air at upper surface of aerofoil after AOA =12 and high wake generation and vortex
flow will start at this condition.Figure 10-11 show that if AOA increases with Flap at cruising speed, there will
be small increment in pressure at bottom of aerofoil but large detech of air will be produce at upper surface of
aerofoil after AOA =12 and Wake converts into vortex flow around upper surface of Aerofoil after AOA =12
and it produces Stalling after AOA= 15. It can see in figure 11 clearly.

V. Experimental Work
NACA aerofoil’sScaled Model was manufactured by using this NACA profile for experimental work.

(@ (b) (c)
Figure 12: (a) NACA aerofoil Profile (b) NACA aerofoil Model (c) NACA aerofoil Model with flap

4.1Wind tunnel setup and validation: Wind tunnel setup was developed for 18 measurement points and CFD
code results were validated by pressure coefficient calculated by wind tunnel setup at different Angle of Attack
3, 8,12, 15& 20 at Mach No. = 0.3 an 0.8 for flap Angle 0 & 20.
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Figure 13: (a)Wind tunnel model (b) Wind tunnel setup (c) Mach no generator

= 20peEHiperiment M=0.3 AOA=3

0.2000 -

" 1.00E-0

0.0000 <

Cp
@
o
O
m
+
o

Pressure  0.1000 -
Cogfficient

-0.2000 <

-1.00E-01

+0.3000 <

—@— Cp-Experiment
240 -2.00E-01 M=0.3 AOA=3

-3.0000 20000 -10000 00000 10000 20000 3.0000 40000 5.0000 6.0000 7.0000

Pastion (1) -4 -2 0 X-diS%a nce 4 6 8

Figure 14: Comparision of Pressure coefficient of CFD and Wind tunnel result for AOA=3, Mach No = 0.3 at
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Figure 16: Comparison of Pressure coefficient of CFD and Wind tunnel result for AOA= 3, Mach No. = 0.8 at
DA=0
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V. Conclusion

By result & discussion it found that if flap deflection uses at take—off and Landing speed, there is high
increment in pressure up to AOA=15. it means flap increases high lift so it can conclude that at landing and
take-off speed of aero-plane it needs to use flap deflection and when it reaches at cruising speed there is no use
of flap deflection so once the high lift generates, flap should be closed. Other thing if AOA increases at high
speed (cruising speed), pressure also increases but it is up to AOA =15 after that if AOA increases, velocity will
decrease drastically above the upper surface of aerofoil (wings). So at cruising speed M =0.8 & angle of attack
20 “stalling” is available and it require to nose down to eliminate the stalling because at this condition lift will
almost lost by wings. it found that highest lift will generate at AOA= 15 by using flap at M = 0.3 only and there
is no loss of drag and also there is no any stalling at M = 0.3. According to Wind tunnel data, coefficient of
pressure are almost same with CFD fluent x-y chart so results of CFD fluent for Mach no = 0.3 and Mach no =
0.8 with defferent AOA were validated.

So finally it concluded that at M = 0.3 (Take off & landing speed) the best condition is AOA = 15 with
Deflection angle 20 to generate High lift and drag and at M = 0.8 (Cruising speed) the best condition is AOA =
3 with out flap to get high drag and also it can conclude that after AOA = 15 there is stalling at cruising speed.

Future Scope:
In future for same aerofoil model and wind tunnel setup, the research will completed on analysis of shock wave
and Vortex flow at combination of high Mach no, Different angle of attack and Deflection Angles.

References

[1] Mukesh Didwania*, Dr. Kamal Kishore Khatri, Study of Dynamics of Shock-Vortex Interaction on Flap Wing by CFD tool,
International Journal of Scientific & Engineering Research, ISSN 2229-5518, Volume 10, Issue 2, February-2019, 1540-1548.

[2] A. Abbas a, J. de Vicenteb, E. Valerob, Aerodynamic technologies to improve aircraft performance, Aerospace Science and
Technology 28 (2013) 100-132.

[3] Arvind Prabhakar* and Ayush Ohri, CFD Analysis on MAV NACA 2412 Wing in High Lift Take-Off Configuration for Enhanced
Lift Generation, Journal of Aeronautics & Aerospace Engineering, 2013.

[4] Cessna Aircraft Company. Cessna Model 172S Nav 1. Revision 3 - 12, 2006, p. 4-19 to 4-47.

[5] Karna S. Patel, Saumil B. Patel, Utsav B. Patel, Prof. Ankit P. Ahuja, CFD Analysis of an Aerofoil, International Journal of
Engineering Research, Volume No.3, Issue No.3, pp : 154-158.

[6] Mayurkumar kevadiya 1, Hemish A. Vaidya, 2D Analysis of NACA 4412 Airfoil, International Journal of Innovative Research in
Science, Engineering and Technology, Vol. 2, Issue 5, May 2013)

[7] S.Kandwall , Dr. S. Singh, Computational Fluid Dynamics Study Of Fluid Flow And Aerodynamic Forces On An Airfoil,
International Journal of Engineering Research & Technology (IJERT), Vol. 1 Issue 7, September - 2012)

[8] Kai Liu*, Andrea Da Ronch**, Daochun Li*, Jinwu Xiang, Modeling of Unsteady Aerodynamics for a Flapping wing, Science
Direct, IFAC-Papers On Line 48-28 (2015) 404-408)

[9] German Torres-Royo, Aerodynamic Study of Split Flap Performance, American Institute of Aeronautics and Astronautics)

[10]  Greg F. Altmann, Investigative Study of Gurney Flaps on A Naca 0036 Airfoil, A Thesis presented to the Faculty of California
Polytechnic State University, San Luis Obispo, March 2011

[11]  Ghoddoussi A (1998) A Conceptual Study of Airfoil Performance Enhancements Using CFD. Sojo University, Japan

[12]  Todorov, M., Aerodynamic Characteristics of Airfoil with Single Plain Flap for Light Airplane Wing, Proc. of ICMT, (2015)

[13]  Michael Damianov Todorov, Aerodynamic Characteristics of Airfoil With Single Slotted Flap For Light Airplane Wing,
International Conference of Scientific Paper Afases 2015 Brasov, 28-30 May 2015

[14]  Summary of airfoil data, Primary NACA Report No R-460, R-492, R-537, R-610, R-824 & R-903.

|

' Mukesh Didwania, “Analysis of Stalling Over FLAPED Wing of an Aeroplane by CFD Code.” |
' I0SR Journal of Mechanical and Civil Engineering (IOSR-JMCE) , vol. 16, no. 4, 2019, pp. |
| 45-54. |
| |

o e = - -

DOI: 10.9790/1684-1604044554 www.iosrjournals.org 54 | Page


https://en.wikipedia.org/wiki/Flap_(aeronautics)#cite_note-cessna-172-2

