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1.  INTRODUCTION 



2 

2.  AIRFOIL AERODYNAMICS 

2.1 Airfoil Selection  

2.1.1 Airfoil Definiton  

An airfoil is defined as a body designed to provide a desired reaction force when in motion 

relative to the surronding air (https://www.merriam-webster.com/dictionary/airfoil). These 

bodies can be listed as jet engine axial compressor blades, jet engine axial turbine blades, 

steam power plant axial turbine blades, wind turbine propellers, centrifugal and axial pump 

impeller blades, turboprop engine propellers, centrifugal and axial compressor impeller 

blades, and large and small fans. When the body is a wing of an airplane it can be said that 

airfoil is the any section cut by a plane parallel to the aircraft’s xz plane that is designed to get 

the optimum pressure distribution on the top and bottom surfaces to create maximum lift force 

with minimum aerodynamic cost such as drag force and pitching moment etc. Mohammad H. 

Sadraey-Aircraft Design  A Systems Engineering Approach-John Wiley &amp_ Sons (2012). 

Basic view and the geometric parameters of an airfoil are shown in Figure X. 

 

https://www.merriam-webster.com/dictionary/airfoil
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Mohammad H. Sadraey-Aircraft Design  A Systems Engineering Approach-John Wiley 

&amp_ Sons (2012) 

 

 

 

 



4 

2.1.2 Airfoil Design and Selection 

An airfoil should be designed to have the optimum pressure distribution around it so it can 

create desired lift force. However, designing an airfoil is a very complex, time consuming 

and high budget process and needs expertise in the field of aerodynamics. For this reason 

not every manifacturer is able to design airfoil except the large aircraft production 

companies such as Airbus and Boeing. Therefore they use the existing designs for their 

aircrafts. To select the most efficient airfoil for a wing many requirements should be 

considered.  An airfoil should have the; 

• maximum lift coefficient,  

• proper ideal or design lift coefficient (Cld or Cli ),  

• lowest minimum drag coefficient (Cdmin),  

• highest lift-to-drag ratio ((Cl/Cd)max),  

• highest lift curve slope (Clαmax),  

• lowest (closest to zero; negative or positive) pitching momen coefficient (Cm),  

• proper stall quality in the stall region (the variation must be gentle, not sharp),  

• structurally reinforceable.  

• The airfoil should not be so thin that spars cannot be placed inside and it must be such 

that the cross-section is manufacturable.  

• Also the cost requirements must be considered. 

 

2.1.3 NACA Airfoils  

In the early 1930s, National Advisory Committee for Aeronautics (NACA) developed a 

series of airfoils which have been named with numbers addressing their geometric 

properties. In the beginning they were 4-digit, 5-digit and modified 4/5-digit airfoils which 

were generated by using analitic equations describing their camber of the mean line thicknes 
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distribution along the airfoil. Later more complicated ones added which were generated 

using therotical methods rather than geometrical methods. In 1933, 78 airfoils have been 

released in the NACA’s annual report. This system of NACA helped engineers to choose the 

airfoil with the desired properties by looking their names. https://www.nasa.gov/image-

feature/langley/100/naca-airfoils 

 

https://www.nasa.gov/image-feature/langley/100/naca-airfoils 

http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20s

eries.pdf 

In our analysis a 4-digit and a 5-digit airfoils are going to be used. 

Four-digit NACA Airfoils 

4-digit airfoils are named by adding 4 digits after ‘NACA’ such as NACA 2415. First digit 

shows the maximum camber (m) in percentage of the chord. Second digit indicates the 

location of the maximum camber (p) in tenths of chord. Last two digits expresses the 

maximum thickness (t) of the airfoil in percentage of chord. If it is applied to NACA 4415, it 

https://www.nasa.gov/image-feature/langley/100/naca-airfoils
https://www.nasa.gov/image-feature/langley/100/naca-airfoils
https://www.nasa.gov/image-feature/langley/100/naca-airfoils
http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20series.pdf
http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20series.pdf
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can be seen that this airfoil has maximum camber of %4 in the position of 0.4c which means 

%40 back from the leading edge and it has %15 maximum thickness.  

 

Five-digit NACA Airfoils 

Five digit NACA airfoils named differently from the four digit airfoils. Multiplying the first 

digit with 3/2, design lift coefficient (Cl) in tenths is found. By dividing next two digits with 2 

the position of the maximum chamber (p) in tenths of chord is found. The final two digits 

indicate the maximum thickness (t) in percentage of chord. For example for NACA 23012 

airfoil, it has a 0.3 design lift coefficient. Position of the maximum camber is %15 back from 

the leading edge and it has a %12 maximum thickness.  

http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20ser

ies.pdf 

 

Advantages, disadvantages and application areas of all airfoil series have been shown in Table 

Y. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20series.pdf
http://web.stanford.edu/~cantwell/AA200_Course_Material/The%20NACA%20airfoil%20series.pdf
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2.2 2D Analysis 

Aerodynamic analysis of an airfoil in 2D can be made by programs such as XFLR5 and static 

pressure and velocity distribution around an airfoil can be examined by such analysis.  

2.2.1 Analysis Criterias 

Lift and Drag Forces  

Lift is defined as the component of aerodynamic force on the body perpendicular to the flow 

direction. According to Bernoulli’s principle, for a liquid or gas, areas with high relative 

velocity create lower pressure systems, and areas with low relative velocity create high 

pressure systems. Airfoils are created as their upper surface is longer than the lower surface; 

by this way when air molecules are separated by the leading edge of the airfoil, they have a 

longer way to travel as they cross the upper surface than the lower surface. In this manner, for 

air molecules to meet at the trailing edge at the same moment, the particles going along the 

upper surface must travel quicker than the air particles along the bottom surface. Since the 

airflow on the upper surface is faster, according to Bernoulli’s principle lower pressure 

system is created. The difference between the pressures of these two surfaces create lift force. 

 

The other aerodynamic force perpendicular to the lifting force is called drag. The airfoil faces 

a drag force in the opposite direction of the relative motion of the airfoil and parallel to the 

airflow. Drag is dependent on the overall shape of the airfoil, and relate to the pressure 

distribution around the airfoil’s surface. With the lifting force, the airfoil changes the local 

momentum of the air around it and it affects velocity and pressure. The resulting pressure 

distribution creates a force that acts on the airfoil. 

http://physics.wooster.edu/JrIS/Files/Sullivan_Web_Article.pdf          

 

 

http://physics.wooster.edu/JrIS/Files/Sullivan_Web_Article.pdf
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Presure Distrubition Around an Airfoil 

 

When two firm objects get in contact in a mechanical process, forces are transferred at the 

contact point. However when a solid object interacts with a fluid, force transmission doesn’t 

occur since fluid can change its shape. For a solid body immersed in a fluid, the fluid flows 

around the body and creates physical contact at all points. By this way the transmission or 

application of mechanical forces occur at every point on the surface of the body.  The forces 

are transmitted through the pressure, which acts perpendicular to the surface. 

 In a fluid, the local pressure is related to the local velocity. If the velocity changes with 

location, the pressure changes as well. 

For any object immersed in a fluid, the mechanical forces are transmitted at every point on the 

surface of the body. The forces are transmitted through the pressure, which acts perpendicular 

to the surface. The net force can be found by integrating the pressure times the area around 

the entire surface. For a moving flow, the pressure will vary from point to point because the 

velocity varies from point to point. For some simple flow problems, pressure distribution can 

be determined by using Bernoulli's equation if velocity distrubition is known. 

 

https://www.grc.nasa.gov/WWW/K-

12/airplane/right1.html#:~:text=In%20a%20static%20fluid%2C%20there,the%20surface%20

of%20a%20box.&text=As%20for%20an%20airfoil%20in,the%20area%20will%20cancel%2

0out. 
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2.3 3D Analysis 

To make a 3D aerodynamic analysis of an airfoil, Fluent can be considered as the best 

program to use.  In such analysis, the change in lift and drag coefficient values with respect to 

angle of attack can be examined. 

Lift and Drag Coefficients 

The drag coefficient is a number that aerodynamicists use to model all of the complex 

dependencies of shape, inclination, and flow conditions on aircraft drag. This equation is 

simply a rearrangement of the drag equation where we solve for the drag coefficient in terms 

of the other variables. The drag coefficient Cd is equal to the drag D divided by the quantity: 

density r times half the velocity V squared times the reference area A. 

Cd = D / (A * .5 * r * V^2) 

The quantity one half the density times the velocity squared is called the dynamic pressure q. 

So 

Cd = D / (q * A) 

The drag coefficient then expresses the ratio of the drag force to the force produced by the 

dynamic pressure times the area. 

https://www.grc.nasa.gov/WWW/K-12/airplane/dragco.html 

 

The lift coefficient is a number that aerodynamicists use to model all of the complex 

dependencies of shape, inclination, and some flow conditions on lift. This equation is simply a 

rearrangement of the lift equation where we solve for the lift coefficient in terms of the other 

variables. The lift coefficient Cl is equal to the lift L divided by the quantity: density r times 

half the velocity V squared times the wing area A. 

Cl = L / (A * .5 * r * V^2) 

The quantity one half the density times the velocity squared is called the dynamic pressure q. 

So 

Cl = L / (q * A) 

The lift coefficient then expresses the ratio of the lift force to the force produced by the 

dynamic pressure times the area. 

https://www.grc.nasa.gov/WWW/K-12/airplane/shaped.html
https://www.grc.nasa.gov/WWW/K-12/airplane/inclind.html
https://www.grc.nasa.gov/WWW/K-12/airplane/airsim.html
https://www.grc.nasa.gov/WWW/K-12/airplane/drag1.html
https://www.grc.nasa.gov/WWW/K-12/airplane/drageq.html
https://www.grc.nasa.gov/WWW/K-12/airplane/dynpress.html
https://www.grc.nasa.gov/WWW/K-12/airplane/ratio.html
https://www.grc.nasa.gov/WWW/K-12/airplane/dragco.html
https://www.grc.nasa.gov/www/k-12/airplane/shape.html
https://www.grc.nasa.gov/www/k-12/airplane/incline.html
https://www.grc.nasa.gov/www/k-12/airplane/airsim.html
https://www.grc.nasa.gov/www/k-12/airplane/lifteq.html
https://www.grc.nasa.gov/www/k-12/airplane/dynpress.html
https://www.grc.nasa.gov/www/k-12/airplane/ratio.html
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https://www.grc.nasa.gov/www/k-12/airplane/liftco.html

https://www.grc.nasa.gov/www/k-12/airplane/liftco.html
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3.  VLA Requirements 

3.1  Certifications 

Certification is a regulatory obligation, with all aircraft, their engines and propellers 

certifiable. The “Type Certificate” – issued to signify the airworthiness of an aircraft 

manufacturing design – is followed by the “Airworthiness Certificate,” which authorises 

aircraft operations in a certain countries or regions. 

The certification process covers the complete development process of a new aircraft. It 

includes various phases: 

Detailed design review, 

Test review and participation in laboratory, 

Test review and participation in flight (designed to take into account modifications in light 

of the results), 

Aircraft operators (closely involved in design definition, development and service 

introduction). 

The competent authorities in each geographical jurisdiction control the certification 

process. Today, the two main aircraft certification systems are: 

For the United States, FAR 25 regulations, 

For the European Union, JAR 25 regulations. 

Each authority has the right to require specific conditions, while an aircraft manufacturer 

must always plan in advance for certification by importing countries. 

https://www.airbus.com/aircraft/how-is-an-aircraft-built/test-programme-and-

certification.html 

 

Airworthiness Certification Overview 

An airworthiness certificate is an FAA document which grants authorization to operate an 

aircraft in flight. 

https://www.airbus.com/aircraft/how-is-an-aircraft-built/test-programme-and-certification.html
https://www.airbus.com/aircraft/how-is-an-aircraft-built/test-programme-and-certification.html
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The Federal Aviation Administration's (FAA) Aircraft Certification Service includes more 

than 1,300 engineers, scientists, inspectors, test pilots and other experts. They are responsible 

for oversight of design, production, airworthiness certification, and continued airworthiness 

programs for all U.S. civil aviation products and foreign import products. The FAA 

collaborates with the International Civil Aviation Organization and other civil aviation 

authorities to maintain and advance the safety of international air transportation. 

The FAA's aircraft certification processes are well established and have consistently assured 

safe aircraft designs. As part of any certification project, we conduct the following: 

Review any proposed designs and the methods that will be used to show that these designs 

and the overall airplane complies with FAA standards 

Conduct certain ground and flight tests to demonstrate that the airplane meets the FAA 

standards 

Evaluate the airplane to determine the required maintenance and operational suitability for 

introduction of the aircraft into service 

Work with other civil aviation authorities on their approval of the aircraft, based primarily on 

work already completed by the FAA 

 

https://www.faa.gov/aircraft/air_cert/airworthiness_certification/aw_overview/ 

 

 

Type Certification 

The type certificate is a document by which the authority states that an applicant has 

demonstrated the compliance of a type design to all applicable requirements. This certificate 

is not in itself an authorization for the operation of an aircraft, which must be given by 

an airworthiness certificate. The type design “freezes” not only the product configuration but 

also the production methods. Every deviation from the type design becomes a “change” which 

must be approved. This is to make sure that the series products are not inferior to the 

prototype identified by the type design, in terms of flight safety. EASA Part 21 and FAR 21, 

https://www.faa.gov/
https://www.faa.gov/aircraft/air_cert/airworthiness_certification/aw_overview/
https://www.sciencedirect.com/topics/engineering/applicable-requirement
https://www.sciencedirect.com/topics/engineering/airworthiness
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for type certification, include the designation of applicable environmental protection 

requirements and certification specifications, missing in JAR 21. 

https://www.sciencedirect.com/topics/engineering/type-certification 

 

Some States use a different term for type certificate, such as type approval 

certificate, certificate of approval, or Fiche de Navigabilité. 

The initial Type Certificate is likely to be obtained in the State of Manufacture. 

https://www.skybrary.aero/index.php/Type_Certificate 

 

 

Before a newly developed aircraft model may enter into operation, it must obtain a type 

certificate from the responsible aviation regulatory authority. Since 2003, EASA is 

responsible for the certification of aircraft in the EU and for some European non-EU 

Countries. This certificate testifies that the type of aircraft meets the safety requirements set 

by the European Union. 

The 4 steps of the type-certification process: 

1. Technical Familiarisation and Certification Basis 

The aircraft manufacturer presents the project to EASA when it is considered to have 

reached a sufficient degree of maturity. The EASA certification team and the set of rules 

that will apply for the certification of this specific aircraft type are being established 

(Certification Basis). 

  

2. Establishment of the Certification Programme 

EASA and the manufacturer need to define and agree on the means to demonstrate 

compliance of the aircraft type with each requirement of the Certification Basis. This 

goes hand in hand with the identification of EASA’s “level of involvement” during the 

certification process. 

  

3. Compliance demonstration 

The aircraft manufacturer must demonstrate compliance of its product with regulatory 

requirements: the structure, engines, control systems, electrical systems and flight 

https://www.sciencedirect.com/topics/engineering/environmental-protection-requirement
https://www.sciencedirect.com/topics/engineering/environmental-protection-requirement
https://www.sciencedirect.com/topics/engineering/certification-specification
https://www.sciencedirect.com/topics/engineering/type-certification
https://www.skybrary.aero/index.php/State_of_Manufacture
https://www.skybrary.aero/index.php/Type_Certificate
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performance are analysed against the Certification Basis. This compliance demonstration 

is done by analysis during ground testing (such as tests on the structure to withstand bird 

strikes, fatigue tests and tests in simulators) but also by means of tests during flight. 

EASA experts perform a detailed examination of this compliance demonstration, by 

means of document reviews in their offices in Cologne and by attending some of these 

compliance demonstrations (test witnessing). 

This is the longest phase of the type-certification process. In the case of large aircraft, the 

period to complete the compliance demonstration is set at five years and may be 

extended, if necessary. 

  

4. Technical closure and issue of approval 

If technically satisfied with the compliance demonstration by the manufacturer, EASA 

closes the investigation and issues the certificate. EASA delivers the primary certification 

for European aircraft models which are also being validated in parallel by foreign 

authorities for operation in their airspaces, e.g. the FAA for the US or TCCA for Canada. 

Conversely, EASA will validate the FAA certification of US aircraft models (or TCCA 

certification of Canadian models) according to applicable Bilateral Aviation Safety 

Agreements between the EU and the concerned Third Country. 

 

https://www.easa.europa.eu/domains/aircraft-products/aircraft-certification 

 

 

VLA Certification 

 

The range of aeroplanes certified under CS-23 is diverse in terms of performance capability, 

number of passengers, design complexity, technology, and intended use. Currently, each CS-

23 aeroplane certification requirement is determined by reference to a combination of factors, 

including weight, number of passengers, and propulsion type. The resulting divisions (i.e. 

very light aeroplanes, normal, utility, aerobatic, and commuter categories) were historically 

appropriate because there was a clear relationship between the propulsion and weight of the 

aeroplane on the one hand and its associated performance and complexity on the other. 

Technological developments have altered the dynamics of that relationship. For example, 

high-performance and complex aeroplanes now exist also within the weight range that was 

historically occupied by only light and simple aeroplanes. In addition to these new 

https://www.easa.europa.eu/domains/aircraft-products/aircraft-certification
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technological developments, the pace of technological changes has increased as well and is 

expected to increase even further in the future. In order to lay down technical requirements for 

the diversity of designs and able to follow the state of the art at the same pace as technology 

evolves, a fundamental change in the way that certification requirements are presented is 

necessary. The new CS-23, as a system for certification specifications, needs to become more 

open to technological developments and at the same time able to accommodate changes at a 

higher pace. This needs to be achieved while the established safety level is maintained 

https://www.easa.europa.eu/sites/default/files/dfu/Explanatory%20note%20to%20ED%20Dec

ision%202017-013-R.pdf 

 

CS-VLA 1 Applicability  

This airworthiness code is applicable to aeroplanes with a single engine (spark- or 

compression-ignition) having not more than two seats, with a Maximum Certificated Take-off 

Weight of not more than 750 kg and a stalling speed in the landing configuration of not more 

than 83 km/h (45 knots)(CAS), to be approved for day-VFR only. (See AMC VLA 1). 

 

CS-VLA 3 Aeroplane categories  

This CS-VLA applies to aeroplanes intended for non-aerobatic operation only. Non-aerobatic 

operation includes –  

(a) Any manoeuvre incident to normal flying;  

(b) Stalls (except whip stalls); and 

(c) Lazy eights, chandelles, and steep turns, in which the angle of bank is not more than 60° 

 

CS-VLA 49 Stalling speed  

(a) VS0 is the stalling speed, if obtainable, or the minimum steady speed, in km/h (knots) 

(CAS), at which the aeroplane is controllable, with the –  

(1) Power condition set forth in subparagraph (c);  

(2) Propeller in the take-off position;  

(3) Landing gear extended;  

(4) Wing flaps in the landing position;  

(5) Cowl flaps closed;  

(6) Centre of gravity in the most unfavourable position within the allowable range; and  

(7) Maximum weight. 

(b) VS0 may not exceed 83 km/h (45 knots) (CAS).  

https://www.easa.europa.eu/sites/default/files/dfu/Explanatory%20note%20to%20ED%20Decision%202017-013-R.pdf
https://www.easa.europa.eu/sites/default/files/dfu/Explanatory%20note%20to%20ED%20Decision%202017-013-R.pdf
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(c) VS1 is the stalling speed, if obtainable, or the minimum steady speed, in km/h (knots), 

(CAS) at which the aeroplane is controllable with –  

(1) Engine idling, throttle closed;  

(2) Propeller in the take-off position;  

(3) Aeroplane in the condition existing in the test in which VS1 is being used; and  

(4) Maximum weight. 

(d) VS0 and VS1 must be determined by flight tests, using the procedure specified in CSVLA 

201. 

 

 

CS-VLA 51 Take-off  

(a) The distance required to take-off from a dry, level, hard surface and climb over a 15 metre 

obstacle must be determined and must not exceed 500 metres.  

(b) This must be determined, in a rational and conservative manner, with –  

(1) The engine operating within approved operating limitations; and  

(2) The cowl flaps in the normal takeoff position.  

(c) Upon reaching a height of 15 metres above the take-off surface level, the aeroplane must 

have reached a speed of not less than 1.3 VS1.  

(d) The starting point for measuring takeoff distance must be at rest except for seaplanes and 

amphibians where it may be a point at which a speed of not more than 5,6 km/h (three knots) 

is reached. 

 

CS-VLA 65 Climbs  

The steady rate of climb must be at least 2m/sec with –  

(a) Not more than take-off power;  

(b) Landing gear retracted;  

(c) Wing flaps in take-off position; and  

(d) Cowl flaps in the position used in the cooling tests. 

 

CS-VLA 75 Landing  

The horizontal distance necessary to land and come to a complete stop (or to a speed of 

approximately 5,6 km/h (3 knots) for water landings of seaplanes and amphibians) from a 

point 15 m above the landing surface must be determined as follows:  
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(a) A steady gliding approach with a calibrated airspeed of at least 1.3 VS1 must be 

maintained down to the 15 m height.  

(b) The landing must be made without excessive vertical acceleration or tendency to bounce, 

nose over, ground loop, porpoise, or water loop.  

(c) It must be shown that a safe transition to the balked landing conditions of CS-VLA 77 can 

be made from the conditions that exist at the 15 m height. 

 

https://www.easa.europa.eu/sites/default/files/dfu/Easy%20Access%20Rules%20CS-

VLA%20%28Initial%20Issue%29.pdf 

 

 

 

İsterler CS-VLA Açıklama Açıklama 

Landing 

distance 
- - 

50 ft (15,24 m) 

yükseklikten tam 

durmaya 

Landing speed 1,3*Vs₁ 15 m yükseklikten - 

Balked landing 1:30 angle 

915 m (3000 ft) 

irtifaya çıkmalı, take-

off power, wing flaps 

landing position (2 sn 

den kısa sürede 

düzeltilebilecekse 

düzeltilir)  

- 

Take-off 

distance 
500 m 

15 m yüksekliğe 

kadar 

50 ft (15,24 m) 

yüksekliğe kadar 

Stall speed 45 kts 

Flaplar açık, cowl 

flap kapalı, maximum 

weight, propeller in 

take-off position 

Stall hızının azami 

değeri 

Cruise speed - - Azami seyir hızı 

Max. Altitude - - Azami seyir irtifası 

Vertical climb 2 m/s Not more than take- Asgari dikey tırmanış 

https://www.easa.europa.eu/sites/default/files/dfu/Easy%20Access%20Rules%20CS-VLA%20%28Initial%20Issue%29.pdf
https://www.easa.europa.eu/sites/default/files/dfu/Easy%20Access%20Rules%20CS-VLA%20%28Initial%20Issue%29.pdf
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speed off power, wing flaps 

take-off position 

hızı 

Payload - - Faydalı yük kütlesi 

Range - - Hedeflenen menzil 

Flight duration - - 
Hedeflenen uçus 

süresi 

g limits 3,8 / -1,5 g - 
Bu g limitlerine 

dayanack 

Max. Banking 

angle 
60 - Azami yatış açısı 

Allowed 

maneuver 

Lazy eights, 

chandelles, and 

steep turns, 

İzin verilen 

manevralar 

İzin verilen 

manevralar 

 

 

5.1  Airfoil  3D Analysis 

 

NACA 4415 
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