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ABSTRACT
Airfoil is the main part of the airplane which contributes the lift required by the airplane to fly in the air. People who are interested in RC plane flying usually buy the Ready-to-Fly models and assemble them. Another way is buy the Almost-Ready-to-Fly models and spend a bit more time assembling them. Both this ways have a commonality, they have the fixed airfoil design and wing areas. 

Currently there are very little manufacturers and sellers which sell customized RC plane. So if the people who are interested in build a model airplane from scratch will need to use the trial and error method to test the airfoil is safe for flying or not. By varying the wing’s area and the angle of attack, different lift can be created and can be used to fly the airplane. 

This project will help the people who are interested in build model RC airplanes from scratch by computing the wing’s area and dimensions required for the airplane to takeoff and fly. It will help them to save a lot of time on computing the equations and on the trial and error method. The program can also be use as basic tool to show the users what will happen when some variables like the weight of the plane, the AOA of the wings and the speed of the aircraft are changed and how it will affect the results and lift generated. 

The thin airfoil theory will be use as the calculation portion for the variables, however the theory does not predict the drag generated and other methods will have to be use to calculate drag. As the program is design for RC model airplanes, drag will be assume to be negligible. The airfoil shape will be generated base on the NACA 4 series formulas.
The results obtained from the program are within 20% of the actual data. This demonstrates that the thin airfoil theory is quite effective in predicting the important parameters which are use for airfoil design. However it is unable to predict drag and other methods need to be used if there is a need which is not included in this project.
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Chapter 1 : Introduction
1.i 
Background and Motivation
In the early days of aviation, airfoil designers depended on crude rules of thumb to develop the airfoil shapes used on their airplanes. A few successful shapes were found and applied to many airplanes even though they had little idea why the airfoils worked so well. In 1930s, the NACA began to test the new airfoil designs in a more systematically way. The airfoils were tested in wind tunnels to determine their lift and drag performance at different angles of attack and airspeeds. 
In today’s world, the airfoil designers have more analytical tools at their disposal and airfoils are usually designed using 2 basic approaches. The first approach is the direct approach which is the same method used in the early days of aviation. A known airfoil shape which has the performance required by the new application will be chosen and slight performance characteristics will be made to suit the new application. A newer approach is known as the inverse method. In this method the airfoil designers specify the performances characteristics required by the airfoil and use computer programs to compute the airfoil geometry that produce that performance. 
Currently, flying a radio controlled (RC) model airplane as a hobby has been growing and there are a lot of different models and styles available in the market. There are 2 main types of model airplanes in the market for Ready-To-Fly (RTF) and Almost-Ready-To-Fly (ARTF) airplanes. RTF airplanes are 95% done and ready therefore little assembly is required. For the ARTF airplanes, there are some assemblies required. However when a person wants to create a model airplane from scratch, they will need to do a lot of calculations to get the wings curvature, area and dimensions. This is a trial and error method and it is time and cost consuming. 
Therefore to reduced the time and cost taken to build an airplane from scratch, the project will use the inverse method of airfoil design to design the airfoil for the RC model airplane. The main objective of this project is to design a program to compute the calculations and print out the profile of the wings for manufacturing. The program is divided into 2 portions. The first portion will have most of the variable fixed except for the flight height and airplane’s speed and weight. This is the basic part to let the user build the airplane’s wing assuming he knows nothing on the aerodynamics. The second part of the program is to let the users enters the data for most of the variables. This will allow the program to work as a basic tool to show the users on how the airfoil will look like and what will happen when different variables are changed. 
In order to design the software, the following several factors have to be taken into consideration:

· The users using the software will have limited knowledge on the aerodynamics and therefore the software need to be simplified for their uses. 
· The other factor is to consider the factors affecting the airplanes flight mainly the airfoil design.

· The program must be able to differentiate the end result when different variables are changed.

1.ii 
Project Objectives
· The main objective is to design software for users who are interested to build a RC model airplane for flying.
· The program should be user friendly and target for users with limited knowledge on aerodynamics.

· The program should print out the coordinates and template of the airfoil design it generated after the user key in the required parameters.

· The program needs to cater for basic understanding of aerodynamic purposes when variables are changed.

· There must be indicators to show the user the different results obtained when the variables are changed.

· The academic goal of this project is to develop the skills in combination of research, design, programming and analysis.

· Other goals involved are to improve project management, troubleshooting and problem solving skills.
1.iii 
Project Scope

The scope of the project should include the following:

· Generate the airfoil profile for NACA 2412.

· Able to generate other NACA 4 digits profile beside 2412

· Generate the coordinates for NACA 2412.

· Able to generate the coordinates for NACA 4 digits profile

· Generate the required wing surface area.

· Simple interface for users to use.
· Generate the dimensions of the wing.

· Generate the template for the wing.
· Able to use it as a tool for showing the users on how different variables of airfoil and environment will be affected using thin airfoil theory.
1.iv  
Proposed Approach and method

The software consists of the following parts:

The Airfoil Generator

The airfoil generator is used to generate the airfoil profile. Airfoil generators can be found commonly in the internet and market in today world. There are different types of airfoil generators such as NACA 4 series and NACA 5 series types. However most of the generators only give relative coordinates of the airfoil profile and not the exact locations as they only generate the profile based on the NACA digits and not with the airplanes data such as weight, speed and height.

For this project, the airfoil generator portion will not only generate the airfoil profile but gives the points coordinates based on the user’s entry of airplane’s data.

The Data Generator

In order to create an airfoil with exact coordinates, the user will have to enter the data of the airplane. Calculations have to be made and results will be obtained. This is where the data generator comes in. Thin Airfoil theory and some other formulas are derived and been used in this part of the program. After the results are obtained, they will be output into the result field of the excel spreadsheet. 

The Wing’s Dimensions Generator

 For this part of the program, the exact coordinates and wing dimensions will be calculated based on the results obtained in the data generator. The results for the airfoil profile will be tabulated in table form. The shape of the airfoil and the wing’s span and chord will also be shown in the diagram. Both the table and the diagrams can be printed out easily to assist the user to build the wing. 
Enhancement Features
For this part of the project, enhancements such as showing previous data for comparison after a variable has been change is added. It will also show different colour if the previous data and the current data is different. This will make it easier for people to see the differences when they change any variables.
Figure 1 shows the basic flowchart for the program which will be built.

[image: image2]
Figure 1.1: Flowchart for the program.

Chapter 2 : Literature Review
2.i  
Introduction

In order for an aircraft to fly, its weight has to be counter balanced by a force of equal magnitude and must acts in opposite direction. This force is known as lift. Lift plays an important factor on the airplane flight. Most lift is generated by the airplane wings and the shape and size of the wing determines the amount of lift it generates. 

The development of airfoil sections begins in the 1800’s. H.F. Phillips patented series of airfoil shapes in 1884 after testing them in a wind tunnel. At nearly the same time Otto Lilienthal also tested some airfoils after measuring the shapes of the birds’ wings. Lilienthal believed that the key to a successful flight was the wing curvature or camber. Due to the belief that airfoils had to be thin and highly cambered was the reason why the early airplanes were biplanes as shown in figure 2.1.
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Figure 2.1: A Sopwith Camel Biplane

(http://en.wikipedia.org/wiki/File:Sopwith_F-1_Camel_2_USAF.jpg)
However the use of such wings gradually diminished and another wide range of airfoils were developed based on trial and error. Some of the more successful sections were used as the basis for a family of sections tested by NACA in the early 1920’s. Figure 2.2 shows some early developments of the airfoil shapes.
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Figure 2.2: Early development of airfoils

Even though now there are a lot of proven airfoils, the airplanes airfoils still look different from each other sometimes. This is because there is no best airfoil for all airplanes but the airfoil will have to tailor to each airplane depending on the airplane purpose and operations.

For the project, the NACA 4 digit airfoil format will be use for the program which is generating the airfoil’s shape and the thin airfoil theory will be use for computing the important parameters of the wing.
2.ii  
Terminology for Airfoil and Airplane
Before understanding the theory on the airfoil design on the NACA 4 series, there is a need to understand some basic terms which are used to describe the airfoil. Figures 2.3 and 2.4 show a typical airfoil with the various locations been labelled. Figure 2.5 shows the terms use for the dimension of the airplane’s wing.
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Figure 2.3: Parts of an airfoil

(http://www.aerospaceweb.org/question/airfoils/q0100.shtml)
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Figure 2.4: Parts of an airfoil
(http://en.wikipedia.org/wiki/Airfoils) 
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Figure 2.5: Wing Dimensions
(http://www.flyingsites.co.uk/newcomers/intros/images/chorspan.gif)

· The mean camber line is a line drawn midway between the upper and lower surfaces of the airfoil.

· Chord is the length of a straight line joining the leading and trailing edges of the airfoil.

· Leading edge is the front of the airfoil.
· Trailing edge is the end of the airfoil.

· The angle of attack (AOA) is the angle between the chord and the line representing the relative airflow. 
· Camber of an airfoil is the upper and lower surfaces curvature. The camber determines the airfoil’s thickness and amount of lift the airfoil will generates. When the term upper camber is used, it is referring to the upper surface of the airfoil. When the term lower camber is used, it is referring to the lower surface of the airfoil.
· Span is the distance from 1 tip of the wing to the other tip of the wing.

2.iii  
The Four Forces on the Airplane
[image: image8.png]



Figure 2.6: Forces on an airplane

(http://www.grc.nasa.gov/WWW/K-12/airplane/forces.html)

There are 4 main forces which affect the airplane’s ability to fly. The 4 main forces are thrust, drag, weight and lift. Figure 2.6 shows the direction of the 4 main forces.
Thrust is a force which is generated by the airplane propulsion system and propels the airplane forward. Thrust opposes the drag. This force depends on the location of the engines and type of engines used. This force is not use to generate the airplane’s lift 
Drag is the resistance force generated by the air motion of the airplane. This force is arises when the airplane begins to move forward and it opposes the thrust force.

The weight (force due to gravity) is a force of an airplane which is acting down towards the earth. This force pulls down on the plane and opposes the lift force. This force depends on the weight of the airplane and the mass that it carries. This force need to be counter balanced by a force of equal magnitude and which acts in the opposite direction.

Lift is the opposing force of weight and also the main force which enables airplanes to fly.  Lift is created when the air flows pass the upper surface of the airfoil at a faster speed creating lower pressure and the air flows pass the lower surface of the airfoil at a lower speed creating higher pressure. More details on the lift will be discussed in the later part of the report.
The four forces act on any airplanes in flight and are interconnected. In order for the airplane to take off, lift must overcome weight and thrust must overcome drag. During landing, thrust must be reduced below the level of drag and lift must be reduced below the weight of the airplane.
2.iv  
Theory of Lift
Lift is an important force as it sustains an airplane in air and enables it to manoeuvre. The theory of lift has been debated for a long time and currently still debating. However this project is not about debating the theory of lift but to design the airfoil. Therefore to cover the theory of lift, the 2 more popular explanations which are the Newton’s Law and the Bernoulli’s Principle will be discuss briefly. In order to understand the basics of lift, there is a need to consider several principles of Physics which are the principle of conservation of momentum, the principle of the conservation of mass and the principle of the conservation of energy. The principle of the conservation of momentum is covered by Newton’s Law and the principle of the conservation of energy is covered Bernoulli Principles. Both can be use to explain the basics principles on how lift is form and are compatible with each other. In the following explanations, air is assumed as an ideal fluid and therefore 3 major assumptions about the physical properties of the airflow are made:
· The airflow over a wing is incompressible.

· The airflow is inviscid which means the viscosity of air is approaching zero. 
· The airflow around the wing is steady.
Newton’s Law Explanation

Lift is generated by a wing as it moves through the air at an angle of attack. This will turn the airflow downward and the wing itself will have a force acting in an upward direction. In order to make use of the Newton’s Law, we need to know a theory known as the Coanda Effect. Coanda Effect stated “A moving stream of fluid in contact with a curved surface will tend to follow the curvature of the surface rather than continue travelling in a straight line.”  This means that when the air meets the wing, the air direction is change due to the angle which the wing is tilted and the air does not bounce off the wing but it follows the surface of the wing. From Coanda Effect, we know that the wing is changing the direction of the airflow and also changing the velocity. Since lift is a force, according to Newton’s 2nd law of motion:

Force = mass x acceleration 

An acceleration is a change in velocity with a change in time and force will be:

Force = mass x (change in velocity / change in time)

Therefore a change in velocity will generate a force and a force will cause a change in velocity. Velocity has both a magnitude called speed and a direction is associated with it. It is a vector quantity. Therefore by changing the direction of the airflow, the wing is also causing an increase in velocity which results in an acceleration. This change in velocity also generates a reaction force on the wing acting in an upwards direction. This principle of Newton’s 3rd law which states “Every action has an equal and opposite reaction” helps to explain the nature of lift.
The reaction force experienced by the wing is the total reaction.  The component of the total reaction force at right angles to the relative airflow is the force of lift as shown in Figure 2.7.
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Figure 2.7: Forces on a airfoil
(http://www.toandfromtheairport.com/lightaircraft/fourforces.html)

Bernoulli’s Principle
Bernoulli’s Principle is concerned with the conservation of energy and the total energy in a moving mass of fluid consists of potential energy, kinetic energy and the fluid’s pressure energy. It states that for the steady flow of an ideal fluid, the sum of the three types of energy will be constant. 

Bernoulli’s Principle shows that as the velocity of a fluid flow changes, the pressure will change as well. This means that when the fluid’s velocity increases, the pressure will decrease and vice versa. Using this principle of pressure variation with velocity change, lift force developed by the wing can be accurately predicted in the same way as Newton’s Law.
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Figure 2.8: Example of Bernoulli’s Principle

(http://en.wikipedia.org/wiki/Bernoulli's_principle)
Using Bernoulli’s Principle, the kinetic energy of the air will be highest where the pressure energy is the lowest and lowest where the pressure energy is the highest. This will result in an increase of the airflow for the upper surface of the wing and decreases for the lower surface of the wing. Therefore there will be a lower pressure on the upper surface of the wing and a higher pressure on the lower surface of the wing. This will result in a force acting in an upwards direction. Using equation
Force = Pressure x Area
the lift force will be proportional to the pressure differential across the wing multiplied by the wing’s surface area. 
For Bernoulli’s Principle, it does not provide any explanation on why the airflow is faster on the top surface of the wing. The Newton’s Law also did not explain why the air deflects downward. Both theories only explain how lift is created
2.v  
The Factors affecting Lift

Lift is the main source of force which enables the airplanes to fly. In order to generate enough lift, several factors have to be taken into consideration as they affect the amount of lift the airplane can generate. The general equation for lift is
Lift = lift coefficient x {(air density x velocity2)/2} x wing area

Where the lift coefficient is given by:

Lift coefficient = 2 x pi x (AOA – calculated AOA at zero lift)

Therefore the factors affecting lift are:

· The Angle of Attack (AOA).

· The airfoil shape.

· Airspeed.

· Wing size.

· Air density.

The air density depends on the height which the airplane is flying. As the height of the airplane decreases, the air density will increase which will also result in higher lift generated. Therefore to generate the same amount of lift when the air density increases, the velocity of the airplane must increase.  
The Angle of Attack (AOA) of the airplane’s wing which is denoted by the Greek letter alpha α. AOA is the angle between the oncoming air or relative wind and a reference line on the wing which in this case is the chord as shown in figure 4. It is one of the important parameters for handling and designing of a plane as a typical wing only has a limited range of angles of attack As the AOA increases, the lift generated by the airfoil is also increased. However, once the AOA reaches a certain angle known as the Critical Angle, the airplane will stall as the airflow will separate from the upper surface, resulting in a loss of lift which means the airplane will stall. This will result in cavitations and lost of lift force. It will also produce drag force as shown in figure 2.9.
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Figure 2.9: Diagram of how AOA affects the air flow

(http://www.discoverhover.org/infoinstructors/guide8.htm)
The amount of lift depends on how much flow is turned which in turn depends on the shape of the airfoil. The greater flow turning will result in greater lift being generated by the airfoil. Comparing a cambered airfoil and a symmetric airfoil, a cambered airfoil produced more lift than a symmetric airfoil. The shape of the airfoil will affect the coefficient of lift which will in turn affect the lift. It should be noted that even a flat surface tilted at an angle with respect to the airflow can also generated lift. Therefore the airfoil shape needs to be design to produce the most lift but the least drag. 
2.vi  
Review on NACA 4 series

In the 1930s, the National Advisory Committee for Aeronautics (NACA) developed several sets of airfoils and camber lines. The “Characteristics of 78 Related Airfoil Sections from Tests in the Variable Density Wind Tunnel” report was published by the NACA. In this report, the authors discovered that the airfoils that are successful had many similarities. The two primary variables that affected the airfoil shapes are the slope of the airfoil mean camber line and the thickness distribution above and below the line. Many of this airfoil shapes have been in use as tails and wings of airplanes over the years. 

The first family of airfoils designed using this approached is the NACA 4 series. In the NACA 4 series, the 1st digit indicates the maximum camber (m) in percentage of the chord, the 2nd digit indicates the position of the maximum camber (p) in tenths of cord and the last 2 digits provide the maximum thickness (t) of the airfoil in percentage of chord. For example, the NACA 2412 airfoil will have a maximum camber of 2% located at 40% from the leading edge with maximum thickness of 12% cord. 4-digit series airfoils by default have a maximum thickness of 30% of the chord from the leading edge. Therefore with the first 2 digits 00, it indicates that there is no camber and is a symmetrical airfoil.

To find the mean camber line, it can be calculated using:
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To calculate for the thickness distribution, equation 2.3 is used.
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Currently in the market, there are several NACA 4 series airfoil generators. These generators calculate the coordinates of the airfoil shape. However, it does not take into consideration of the load that the airfoil will be taking, meaning the surface area of the wings are not taking into consideration. There is also not much program which enables the user to calculate the whole wing surface area and the lift generated by the wing with different airfoil design.
2.vii  
Thin Airfoil Theory

For this project, the Thin Airfoil Theory will be use to compute the model airplane’s airfoil thickness and wing dimension as the thickness for the model airplane’s wing is not very thick. Thin airfoil theory was devised by German mathematician Max Munk and further refined by British aerodynamicist Hermann Glauert and others in 1920s. It is a simple theory of airfoils that relates the angle of attack to lift. The theory idealizes the flow around an airfoil as a 2 dimensional flow around a thin airfoil. At low angles of incidence, the boundary layer growth on an airfoil is thin and remains attached to the airfoil. Therefore the airflow is assumed to be inviscid and irrotational. Since the thickness of any lifting airfoil is less than a fifth of its cord length, the effect of the airfoil’s thickness can be neglected and the airfoil will be represented by its mean camber line. A mathematically conceived function in the form of a vortex sheet is then placed along the length of the camber line to simulate the airfoil. This essentially makes it a streamline of the flow. By applying the circulation theory of lift to this streamline, the aerodynamic properties of the airfoils are obtained. 
The airfoil is considered as having zero thickness and infinite wingspan. This the reason why the theory does not take into consideration the induced drag that arises from the wing tips of an airfoil. Therefore it is only good for approximating an airfoil with medium and large aspect ratio and only up to the stall angle which is usually 10 to 15 degree for typical airplane configuration. Any angle beyond 15 degree, the thin airfoil theory cannot be used to calculate the coefficient of lift. 
Thin airfoil theory is important as it provided a theoretical basis for the important properties of the airfoils in 2 dimensional flows:

a. The centre of pressure lies exactly ¼ of the chord behind the leading edge on a symmetric airfoil.
b. The aerodynamic centre lies exactly ¼ of the chord behind the leading edge for cambered airfoil.
c. The slope of the lift coefficient versus angel of attack line is 2π units per radian.
2.vii.a  
Derivation of thin airfoil theory

Since the airfoil is modelled as thin lifting mean line which is the airfoil’s camber line. The camber line y(x) produced a distribution of vorticity γ(s) along the line. Using the Kutta condition, the trailing edge gives zero vorticity. Since the airfoil is thin, the chord position (x) of the airfoil can be used instead of s and the angles can be approximated as small. The vorticity will produce a flow field w(
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)

For a cambered airfoil, dy/dx is finite whereas the dy/dx for the symmetric airfoil is equal to zero. 
Therefore for this project, the cambered airfoil calculation is used so that the equations can be use for both types of airfoils. Equation 2.4 is the fundamental equation of the thin airfoil theory.
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where x is the location at which the induced velocity is produced and 
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d

is the location of the vortex element producing the velocity and are given by:
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By substituting 
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 and 
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d

, the following equation is obtained.
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The solution for γ(θ) which will make the camber line a streamline of the flow, subjected to the Kutta condition γ(π) =0 is shown in equation XX
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The values of An depends on the shape of the camber line dy/dx and A0 depends on dy/dx and α. The coefficients of An and A0 must be specific values in order that the camber line be streamline of the flow. Therefore substituting equation 2.6 into equation 2.5, the below equation is obtained
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Using the following 2 equations,
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 Equation 2.7 can be reduced to
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Equation 2.10 is in the form of a Fourier cosine series expansion for the function dy/dx. Therefore the coefficients for equation 2.10 are given by
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The total circulation due to the entire vortex sheet from the leading edge to the trailing edge is
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Since 
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Equation 2.14 will become
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Therefore the lift per unit span is
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and the lift coefficient is 
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It is a general result that dcl/dα = 2π for any shape of the airfoil. However the cl is different between a symmetric and cambered airfoil. Therefore 
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Where 
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 is the angle of zero lift.

By substituting equation 2.18 into 2.19,
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With equation 2.21, thin airfoil theory is able to predict the angle of zero lift. 

Equation 2.22 shows the equation for the moment coefficient for the quarter chord (
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For symmetric airfoil, 
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 = 0. However the 
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 is finite for cambered airfoil as shown in equation 2.22.
To obtain the centre of pressure for a cambered airfoil,
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Chapter 3 : Formulas Derivation
In this project, several formulas are used for the software and calculations of the airfoil parameters. In this section, the formulas used will be shown and explain how it is derived to suit the software programming.

3.i  
NACA 4 Airfoil Generator
For the program, the first few equations needed are the camber mean lines,      
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To calculate the thickness distribution above and below the mean camber line, 
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Next to determine the cordinates of the upper (xu, yu) and lower (xL, yL) surface of the airfoil, 
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Assuming that the approximation of θ is small and this will make sin θ near to zero and cos θ near to 1. Equations 3.4, 3.5, 3.6 and 3.7 will become:
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3.ii  
Data Generator

Differentiate (1) and (2) and subsitute X = (1-cos θ) / 2
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Substitute θ with θp and make (3) = (4). This will derive θp equation required for finding the quarter cord coefficient.
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Using the thin airfoil theory equations as shown,
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Equations 3.17 and 3.18 can be derived 
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To derived the formulas which will be used in the program, 
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 need to work out as shown below.
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To calculate the lift at zero AOA, substitute equation 3.19 and 3.20 into 3.21
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To calculate the coefficient of lift at an AOA (α),
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Next to obtain the 
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A1 can be obtained as shown below,
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The equation is split into 2 parts
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This will result in the following equation which will be used in the program.
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Next to find A2 


[image: image58.wmf]÷

ø

ö

ç

è

æ

-

=

=

ò

ò

ò

p

q

q

p

q

q

q

q

p

q

q

p

p

p

d

dx

dy

d

dx

dy

d

dx

dy

A

c

c

2

cos

2

cos

2

2

cos

2

2

0

1

0

2


Splitting the equation into 2 parts as before to find A2,
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Therefore,
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Next to find the centre of pressure in terms of 
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3.iii  
Wing Dimension Generator 
In order to generate the wing dimensions, the wing area have to be calculated. The wing area is dependent on the lift coefficient and the air density.
The air density is obtain by using
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Where 
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Area of the wing will therefore be
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Using the aspect ratio and the Area found, the span and chord of the wing are
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Chapter 4 : PROJECT PLAN
The project tasks can be divided into the following points 

· Project proposal and approval process.
· Literature Review.
· Preparation of TMA01 (initial report).
· Programming of the NACA 4 series airfoil design.
· Programming of the airplane’s wing surface area.
· Combination of airfoil design with wing surface area for a given load.
· Final testing and enhancement features.
· Preparation of final report.
· Preparation for poster and oral presentation. 

[image: image68.emf]Task Description Start Date End Date No of days

Project Proposal and Approval  31-Jan-09 10-Feb-09 11

Literature Review 10-Feb-09 31-Oct-09 264

Preparation and Submission of TMA01 11-Feb-09 27-Feb-09 17

Programming of NACA 4 series Airfoil Design 1-Mar-09 6-Apr-09 37

Study and Look into existing Airfoil Generator 1-Mar-09 7-Mar-09 7

Create the program using Microsoft Excel and Visual Basic 7-Mar-09 21-Mar-09 15

Testing and debugging the program 22-Mar-09 6-Apr-09 16

Programming of the Airplane Wing's Dimensions 6-Apr-09 20-May-09 45

Derive formulas needed for the program 6-Apr-09 20-Apr-09 15

Create the program using Microsoft Excel and Visual Basic 6-Apr-09 2-May-09 27

testing and debugging the program 3-May-09 20-May-09 18

Combine the 2 programs to output the result 21-May-09 8-Sep-09 111

Work on the 2 programs integration 21-May-09 4-Jun-09 15

Testing and debugging the program 5-Jun-09 8-Sep-09 96

Final Debugging and education enhancement features 9-Sep-09 1-Oct-09 23

Preparation of Final Thesis 1-May-09 9-Nov-09 193

Writing the skeleton of the report 1-May-09 14-May-09 14

Writing of Literature Review 1-May-09 31-Oct-09 184

Writing of Introduction 14-Jun-09 1-Jul-09 18

Writing the main body of the report 1-Jul-09 31-Jul-09 31

Writing of results and conclusions 1-Aug-09 31-Aug-09 31

Finalisation and amendments of the report 1-Sep-09 31-Oct-09 61

Submission of Final Thesis 9-Nov-09 9-Nov-09 1

Preparation of Oral Presentation 1-Nov-09 28-Nov-09 28

Create presentation slides and posters 2-Nov-09 21-Nov-09 20

Oral Presentation 28-Nov-09 28-Nov-09 1


Table 4.1: Project Plan
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[image: image69]
Chapter 5 : Experimental Results
5.i 
Results of NACA 4 series airfoil generator
During the initial generation of using only 25 sampling points for the chord, the airfoil generated resulted in a shard bend for the first point of the x-axis. This makes it hard to compare the result which the airfoil generator created with other data airfoils shape. However by using 100 sampling points the curve are smoother and makes the airfoils which are generated looks more like the data airfoils. Therefore for the comparison portion, the sampling points will be set to 100 but for the plotting of the airfoil when need to print out the sampling points will be set to 25. This is because to mark out 100 co-ordinates of a small airfoil is not efficient.

5.i.a  
Comparison of Airfoil Shapes 

[image: image70.png]Side View Of the Wing Airfoil





Figure 5.1: Generated airfoil using 25 sampling points
[image: image71.png]Side View Of the Wing Airfoil





Figure 5.2: Generated NACA 2412 Airfoil Shape
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Figure 5.3: NACA 2412 Airfoil Shape

[image: image73.png]Side View Of the Wing Airfoil





Figure 5.4: Generated NACA 0012 Airfoil Shape
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Figure 5.5: NACA 0012 Airfoil Shape
[image: image75.png]Side View Of the Wing Airfoil





Figure 5.6: Generated NACA 4412 Airfoil Shape
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Figure 5.7: NACA 4412 Airfoil Shape
[image: image77.png]Side View Of the Wing Airfoil





Figure 5.8: Generated NACA 6900 Airfoil Shape
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Figure 5.9: NACA 6900 Airfoil Shape
[image: image79.png]Side View Of the Wing Airfoil





Figure 5.10: Generated NACA 6100 Airfoil Shape
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Figure 5.11: NACA 6100 Airfoil Shape

[image: image81.png]Side View Of the Wing Airfoil





Figure 5.12: Generated NACA 4506 Airfoil Shape
[image: image82.png]



Figure 5.13: NACA 4506 Airfoil Shape
By comparing the generated airfoil shapes and the shapes which are obtained from the textbook, the program which is generating the airfoil shapes is working properly. In order to create a smoother curvature of the airfoil more sampling points can be use but it is not productive to have too many sampling points as the airfoil for RC plane is quite small. Therefore 25 points are used for the airfoil generator.
5.ii  
Results of the data generator
Due to the time constraint and resources limitation required to build a model airplane to test out the software. The data generator can only be tested experimentally by comparing the data it generated with data that is proven in wind tunnel by other people. In order to get a reliable experiment data, I have chosen to use the lift coefficients and moment coefficients of different NACA 4 series airfoil obtained from NASA. 

[image: image83.emf]Data from NASA Data from Project

Lift Coefficient Lift Coefficient

1412 0 0.12 0.11 -5%

1412 4 0.56 0.55 -1%

1412 8 1 0.99 -1%

2412 0 0.22 0.23 3%

2412 4 0.62 0.67 7%

2412 8 1.05 1.11 5%

4415 0 0.48 0.46 -5%

4415 4 0.82 0.89 8%

4415 8 1.23 1.33 8%

C

l

 % 
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AOA


Table 5.1: Results of Life Coefficient generation
Table 5.1 shows that there are some errors between the coefficient of lift from the project’s program and the actual result from the NASA’s report. However the errors are less than 10%. This shows that the development of thin airfoil theory was an achievement in theoretical aerodynamics and can be use to save the time spend on build a model airplane. 
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Moment 

Coefficient

1412 0 -0.025 -0.03 6%

2412 0 -0.05 -0.05 6%

4415 0 -0.1 -0.11 6%

NACA 
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Table 5.2: Results of moment Coefficient generation

Table 5.2 shows the result of the moment coefficient and there are some difference between the calculated result and the experimental result. However the difference is less than 10%.

Both tables show that the thin airfoil theory is quite accurate in getting the important data for the airfoil design.
5.iii  
Results of the Wing dimensions generator
Using the data from a RC airplane, the specifications are entered into the program. The results are obtained and compared with the actual wing dimensions. Table 4 shows the percentage error.
The GWS pico stick HZ-GWS1000 RC plane has the following specifications:

· Wingspan: 41.3 in. (1050 mm)
· Flying Weight: 6.53 to 7.05 oz. (185 to 200g)
· Wing Area: 237 sq. in. (152902.9 mm sq.)
· Wing Loading: 3.6 oz/sq. ft. (11.1 g/dm sq.)
· Length: 26.6 in. (675 mm)
· Flying Speed: 8.5 to 14 ft/sec (2.5 to 4.2 m/sec)
To get the chord of the wing,
Chord = Wing Area / Wingspan = 145.6 mm.

This will result in Aspect ratio of around 7
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Table 5.3: Results of Generated Wing Dimensions Data
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Table 5.4: Comparison of Wing dimensions data
As seen in table 5.4, there are some errors shown between the actual data and the computed data and the error is less than 15%. 
Chapter 6 : Conclusions and Recommendations
6.i  
Conclusion

In this project, the program is targeted for users who are interested in building the airplane model but with no knowledge. The interface of the program is easy enough as they need to enter only 3 parameters and the airplane wing dimension and airfoil shape will be generated out with coordinates. However this basic program is only for NACA 2412 using thin airfoil theory only and the variables are mostly fixed variables. Therefore a more advance program is written for users who wish to have more variables such as AOA and different NACA numbers. 
For the advance part of the program, users are able to enter the type of airfoils and the parameters which they want. The program is able to output the results of more parameters which are required for airfoil design and the wing dimensions. 
As seen in the results, the airfoil generator works accurately in creating the NACA 4 series airfoil shapes which the user entered in the program. The important parameters such as the coefficient of lift, the moment coefficient and the angle of zero lift are quite accurately predicted by the program at various angles before reaching the critical angle range of 10-15 degree at less than 10% error. The wing dimensions which are generated can only be compared with a model airplane and still predicts with an error of less than 15% also.

The results show that the thin airfoil can be use as the calculation portion for the variables, however the theory does not predict the drag generated and other methods will have to be use to calculate drag. As the program is design for RC model airplanes, drag will be assume to be negligible. The time and cost of creating and designing an airfoil can be reduced significantly by use of calculations. Minor adjustments can then be made through the AOA to enable the airfoil to generate enough lift. 

6.ii  
Recommendations

Due to the time constrain of the project duration, there are several items which can be improve and research on to make this project a better program for airplane model building.
In the airfoil generator program, more selections of the NACA series can be added into the same generator so that the users have more choice to choose from. In the current market, most airfoil generators can only generate 1 type of NACA series airfoil. With addition of more NACA series, users need only 1 generator to generate different type of NACA series airfoil which is not available in the market currently.
In the airplane wing generator program, there are several improvements that I wish to make if time permits. One of the improvements which can be made is to plot out the actual scale ratio of the airfoil and wing dimensions. For example if the span and chord of the wing is 0.5m and 0.1m respectively the printout can print out the exact dimension of the wing allowing the user to easy fabricate out the wing or in scale to the exact dimensions. At the time of developing this program, this constrain is encountered when using Microsoft Excel 2003.
The accuracy of the results in the data generator maybe can be improved if drag is factored in as a parameter. This will also result in a better accuracy for generating the wing dimensions.

For the airfoil analysis, a wind tunnel is required which is too expensive for the project budget. However for the wing dimensions and AOA, another method to test the program accuracy besides obtaining data from other sources is to build a RC airplane and test fly it. When the airplane flown successfully, the data can be obtained and compared with the program generated data. This will gives a more accurate data for the wing dimensions and the AOA comparison.
Chapter 7 : Reflections
7.i  
Microsoft Excel and Visual Basic

I used Microsoft Excel as my programming tools as it provides the macros that I needed for my programs. It is also easily programmable for simple mathematical functions. The cells in Microsoft Excel can be conditioned to change colour when certain conditions are met. This allows the enhancement features to be easily incorporated into the program. 

Visual Basic programming can also be found Microsoft Excel and this gives more programming options. Using VB, the formulas can be written into the program itself instead of writing it in the cell. The advantage is that the formulas and values will not be lost when the reset button is click. Using VB programming and macro is a new experience for me and I did a lot of reading up on both. This allows me to learn something new and useful.
 In today’s world most people have Microsoft Excel and this allows my program to be ready to use and do not need additional software to run it. 

There are some restrictions in Microsoft Excel for the drawings and plotting of the wing dimensions. Therefore the dimensions output cannot be plot out in ratio to the actual dimensions of the wing. 

7.ii  
Deriving the formulas
Although the formulas are available, I need to derive them again to be suitable for use for the program as there are several variables required. It took time to get the formulas working correctly in the program and this enable me to enhance my mathematical skills and programming troubleshooting.  
7.iii  
Working Alone
As the final year project is a 1 person project, this means I have to plan and allocate my schedule accordingly and at a comfortable pace. This means I have to do all the research and work by myself. Whenever there are problems, I have to solve them or consult my supervisor alone. 

Having completing this project gives a sense of achievement and it really helps in my time management and analysis skills. It also improves my ability to work alone.
7.iv  
Time Management
At the start of the project, I plotted out a Gantt chart as a time management tool and try to follow it as closely as possible. For more detail planning, a plan table was created to monitor the number of days allocated for each part of the project. I will look at the chart and table weekly to ensure that I am on schedule.
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APPENDIX A – Charts from NASA
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Figure A1: AOA vs. Lift Coefficient Data of NACA 1412
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Figure A2: AOA vs. Lift Coefficient Data of NACA 2412
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Figure A3: AOA vs. Lift Coefficient Data of NACA 4415
APPENDIX B – PROGRAM CODES

i. Advance page programming codes

Public Sub CalculateData()

Dim counter As Integer 'counter

Dim x As Double

Dim yc(100) As Double

Dim yt(100) As Double

Dim ytop(100) As Double

Dim ybottom(100) As Double

Dim LiftCoe As Double

Dim AOA As Double

Dim L As Double

Dim B As Double

Dim a As Double

Dim teta1(100) As Double

Dim xx(100) As Double

Dim xxbottom(100) As Double

Dim xxtop(100) As Double

'========= CHECKING OF ENTRIES ENTERED CORRECTLY ==========

    If Range("F13") = "" Then

        MsgBox ("Invalid NACA 1st Digit")

        Range("F13").Select

    ElseIf Range("F13") < 0 Then

        MsgBox ("Invalid NACA 1st Digit")

        Range("F13").Select

    ElseIf Range("F13") > Hex(19) Then

        MsgBox ("Invalid NACA 1st Digit")

        Range("F13").Select

    ElseIf Range("F13") = " " Then

        MsgBox ("Invalid NACA 1st Digit")

        Range("F13").Select

    ElseIf Range("G13") = "" Then

        MsgBox ("Invalid NACA 2nd Digit")

        Range("G13").Select

    ElseIf Range("G13") = " " Then

        MsgBox ("Invalid NACA 2nd Digit")

        Range("G13").Select

    ElseIf Range("G13") < 0 Then

        MsgBox ("Invalid NACA 2nd Digit")

        Range("G13").Select

    ElseIf Range("G13") > Hex(19) Then

        MsgBox ("Invalid NACA 2nd Digit")

        Range("G13").Select

    ElseIf Range("H13") = "" Then

        MsgBox ("Invalid NACA 3rd and 4th Digits")

        Range("H13").Select

    ElseIf Range("H13") = " " Then

        MsgBox ("Invalid NACA 3rd and 4th Digits")

        Range("H3").Select

    ElseIf Range("H13") < 0 Then

        MsgBox ("Invalid NACA 3rd and 4th Digits")

        Range("H13").Select

    ElseIf Range("H13") > 99 Then

        MsgBox ("Invalid NACA 3rd and 4th Digits")

        Range("H13").Select

    ElseIf Range("H13") > Hex(19) Then

        MsgBox ("Invalid NACA 3rd and 4th Digits")

        Range("H13").Select

    ElseIf Range("F14") = " " Then

        MsgBox ("Invalid number of points for chord")

        Range("F4").Select

    ElseIf Range("F14") <= 0 Then

        MsgBox ("Invalid number of points for chord")

        Range("F14").Select

    ElseIf Range("H15") = " " Then

        MsgBox ("Invalid AOA")

        Range("H15").Select

        Selection.ClearContents

    ElseIf Range("H15") = "" Then

        MsgBox ("Invalid AOA")

        Range("H15").Select

    ElseIf Range("H15") > Hex(19) Then

        MsgBox ("Invalid AOA")

        Range("H15").Select

        ElseIf Range("H15") > 12 Then

        MsgBox ("AOA exceeded allowable Angle")

        Range("H15").Select

        ElseIf Range("H15") < 12 Then

        MsgBox ("AOA exceeded allowable Angle")

        Range("H15").Select

    ElseIf Range("F16") = " " Then

        MsgBox ("Invalid Height")

        Range("F16").Select

    ElseIf Range("F16") = "" Then

        MsgBox ("Invalid Height")

        Range("F16").Select

    ElseIf Range("F16") > Hex(19) Then

        MsgBox ("Invalid Height")

        Range("F16").Select

    ElseIf Range("F17") = " " Then

        MsgBox ("Invalid Weight")

        Range("F17").Select

    ElseIf Range("F17") <= 0 Then

        MsgBox ("Invalid Weight")

        Range("F17").Select

    ElseIf Range("F17") > Hex(19) Then

        MsgBox ("Invalid Weight")

        Range("F17").Select

    ElseIf Range("F18") = " " Then

        MsgBox ("Invalid Plane Velocity")

        Range("F18").Select

    ElseIf Range("F18") = "" Then

        MsgBox ("Invalid Plane Velocity")

        Range("F18").Select

    ElseIf Range("F18") > Hex(19) Then

        MsgBox ("Invalid Plane Velocity")

        Range("F18").Select

    ElseIf Range("F18") <= 0 Then

        MsgBox ("Invalid Plane Velocity")

        Range("F18").Select

    ElseIf Range("F19") = " " Then

        MsgBox ("Invalid Aspect Ratio")

        Range("F19").Select

    ElseIf Range("F19") = "" Then

        MsgBox ("Invalid Aspect Ratio")

        Range("F19").Select

    ElseIf Range("F19") <= 0 Then

        MsgBox ("Invalid Aspect Ratio")

        Range("F19").Select

    ElseIf Range("F19") > Hex(19) Then

        MsgBox ("Invalid Aspect Ratio")

        Range("F19").Select

'===========MAIN PROGRAM START========================

    Else

        m = Val(Cells(13, 6).Value)

        m = m / 100

        P = Val(Cells(13, 7).Value)

        If P < 1 Then P = 1

        P = P / 10

        T = Val(Cells(13, 8).Value)

        T = T / 100

        Pi = 3.14159265359

        tetap = ArcCos(1 - ((((2 * m) / P) - ((2 * P * m) / (1 - P) ^ 2)) / (0.000000001 + (((2 * m) / (2 * P ^ 2)) - ((2 * m) / (2 * (1 - P) ^ 2)))))) 'for zero lift aoa

        c = 25 'Val(Cells(14, 6).Value) 'can be use to sub numpoints chord length

    For counter = 0 To (P * c) 'calculation of mean camber line multiply with c to get the number of points

        x = counter / c 'to get the percentage of the x to use for equation

        yc(counter) = (m / (P ^ 2)) * ((2 * P * x) - (x ^ 2))

        teta1(counter) = Atn((2 * m / P) - (2 * x * m / P ^ 2))

    Next counter

    For counter = counter To c ' calculation of mean camber line

        x = counter / c

        yc(counter) = (m / ((1 - P) ^ 2)) * ((1 - (2 * P)) + (2 * P * x) - (x ^ 2))

        teta1(counter) = Atn(((2 * P * m) / (1 - P) ^ 2) - ((2 * x * m) / (1 - P) ^ 2))

    Next counter

    For counter = 0 To c 'shape of airfoil

        x = counter / c

        xx(counter) = x

        yt(counter) = (T / 0.2) * ((0.2969 * Sqr(x)) - (0.126 * x) - (0.3516 * x ^ 2) + (0.2843 * x ^ 3) - (0.1015 * x ^ 4))

        ytop(counter) = yc(counter) + (yt(counter) * cos(teta1(counter)))

        ybottom(counter) = yc(counter) - (yt(counter) * cos(teta1(counter)))

        xxbottom(counter) = (xx(counter) + yt(counter) * Sin(teta1(counter)))

        xxtop(counter) = (xx(counter) - yt(counter) * Sin(teta1(counter)))

        Sheet2.Cells(counter + 3, 1).Value = ((counter))

        Sheet2.Cells(counter + 3, 2).Value = (Round(yc(counter), 5))

        Sheet2.Cells(counter + 3, 3).Value = (xxtop(counter))

        Sheet2.Cells(counter + 3, 4).Value = (Round(ytop(counter), 5))

        Sheet2.Cells(counter + 3, 5).Value = (xxbottom(counter))

        Sheet2.Cells(counter + 3, 6).Value = (Round(ybottom(counter), 5))

    Next counter

        Sheet2.Cells(1, 1).Value = "Camber"

        Sheet2.Cells(2, 1).Value = "X cordinates "

        Sheet2.Cells(1, 3).Value = "Upper"

        Sheet2.Cells(2, 3).Value = "X cordinates "

        Sheet2.Cells(1, 5).Value = "Lower"

        Sheet2.Cells(2, 5).Value = "X cordinates"

        '--------------------------- angle of attack at zero lift ------------------

        tcupper = ((2 * m * Sin(tetap) / P) - (m * Sin(tetap) / P ^ 2) + (m * tetap / (2 * P ^ 2)) + (m * Sin(tetap) * cos(tetap) / (2 * P ^ 2)) - (2 * m * tetap / P) + (m * tetap / P ^ 2) - (m * Sin(tetap) / P ^ 2))

        tclower = (((2 * P * m * Sin(Pi) / (1 - P) ^ 2) - (m * Sin(Pi) / (1 - P) ^ 2) + (m * Pi / (2 * (1 - P) ^ 2)) + (m * Sin(Pi) * cos(Pi) / (2 * (1 - P) ^ 2)) - (2 * P * m * Pi / (1 - P) ^ 2) + (m * Pi / (1 - P) ^ 2) - (m * Sin(Pi) / (1 - P) ^ 2)) - ((2 * P * m * Sin(tetap) / (1 - P) ^ 2) - (m * Sin(tetap) / (1 - P) ^ 2) + (m * tetap / (2 * (1 - P) ^ 2)) + (m * Sin(tetap) * cos(tetap) / (2 * (1 - P) ^ 2)) - (2 * P * m * tetap / (1 - P) ^ 2) + (m * tetap / (1 - P) ^ 2) - (m * Sin(tetap) / (1 - P) ^ 2)))

        Cells(24, 6).Value = -1 / Pi * (tcupper + tclower) ' calculated AOA at zero lift (Rad)

        Cells(24, 8).Value = Cells(24, 6).Value * 180 / Pi  'calculated AOA at zero lift (degree)

        '-------------------------- coefficient of lift at given AOA -------------------

        AoaGivenRad = Val(Cells(15, 8).Value)    'Get AOA (degree)

        Cells(15, 6).Value = AoaGivenRad * Pi / 180 'convert to (rad)

        CLAOA = 2 * Pi * (Cells(15, 6) - Cells(24, 6)) 'coefficient of lift

        Cells(25, 6).Value = CLAOA 'coefficient of lift output

    '===================== Cm c/4 ===========================

    A1a = ((2 * m * Sin(tetap) / P) - (m * Sin(tetap) / P ^ 2) + (m * Sin(tetap) * cos(tetap) / (2 * P ^ 2)) + (m * tetap / (2 * P ^ 2)))

    A1b = (((2 * P * m * Sin(Pi) / (1 - P) ^ 2) - (m * Sin(Pi) / (1 - P) ^ 2) + (m * Sin(Pi) * cos(Pi) / (2 * (1 - P) ^ 2)) + (m * Pi / (2 * (1 - P) ^ 2))) - ((2 * P * m * Sin(tetap) / (1 - P) ^ 2) - (m * Sin(tetap) / (1 - P) ^ 2) + (m * Sin(tetap) * cos(tetap) / (2 * (1 - P) ^ 2)) + (m * tetap / (2 * (1 - P) ^ 2))))

    A1 = 2 / Pi * (A1a + A1b)

    A2a = ((2 * m * Sin(tetap) * cos(tetap) / P) + (2 * m * tetap / P) - (m * Sin(tetap) * cos(tetap) / P ^ 2) - (m * tetap / P ^ 2) + (2 * m * Sin(tetap) * ((cos(tetap)) ^ 2 + 2) / (3 * P ^ 2)) - (2 * m * tetap / P) + (m * tetap / P ^ 2) - (m * Sin(tetap) / P ^ 2))

    A2b = ((2 * P * m * Sin(Pi) * cos(Pi) / (1 - P) ^ 2) + (2 * P * m * Pi / (1 - P) ^ 2) - (m * Sin(Pi) * cos(Pi) / (1 - P) ^ 2) - (m * Pi / (1 - P) ^ 2) + (2 * m * Sin(Pi) * ((cos(Pi)) ^ 2 + 2) / (3 * (1 - P) ^ 2)) - (2 * P * m * Pi / (1 - P) ^ 2) + (m * Pi / (1 - P) ^ 2) - (m * Sin(Pi) / (1 - P) ^ 2)) - ((2 * P * m * Sin(tetap) * cos(tetap) / (1 - P) ^ 2) + (2 * P * m * tetap / (1 - P) ^ 2) - (m * Sin(tetap) * cos(tetap) / (1 - P) ^ 2) - (m * tetap / (1 - P) ^ 2) + (2 * m * Sin(tetap) * ((cos(tetap)) ^ 2 + 2) / (3 * (1 - P) ^ 2)) - (2 * P * m * tetap / (1 - P) ^ 2) + (m * tetap / (1 - P) ^ 2) - (m * Sin(tetap) / (1 - P) ^ 2))

    A2 = 2 / Pi * (A2a + A2b)

    Cm = -Pi / 4 * (A1 - A2)

    Cells(26, 6).Value = Cm 'quarter chord coefficent

    '======== location of center of pressure ====================

    Xcp = 1 / 4 * (1 + (Pi / (CLAOA + 0.0000001)) * (A1 - A2))

    Cells(27, 6).Value = Xcp

    '============= calculation of Air density ==========================

    L = 0.0065

    ht = Val(Cells(16, 6).Value)

    T0 = 288.15

    TempK = T0 - (L * ht)

    P = 101325 * (1 - ((L * ht) / T0)) ^ ((9.80665 * 0.0289644) / (8.31447 * 0.0065))

    AirDensity = (P * 0.0289644) / (8.31447 * TempK)

    Cells(23, 6).Value = AirDensity

    Velocity = Val(Cells(18, 6).Value)

    LiftCoe = CLAOA

    Lift = Cells(17, 6).Value * 9.81

    Cells(28, 6).Value = Abs((Lift / (0.5 * AirDensity * (Velocity ^ 2) * (LiftCoe + 0.0000001))) / 1) 'wing area for 1 wing

    AR = Val(Cells(19, 6).Value)

    Area = Val(Cells(28, 6).Value)

    Span = Sqr(AR * Abs(Area))

    Cells(29, 6).Value = Span

    chord = Span / AR

    Cells(30, 6).Value = chord

    chord1point = chord / c

     For Count = 0 To c

        Cells(Count + 37, 12).Value = Count * chord1point * 100 ' x-axis in cm

        Cells(Count + 37, 13).Value = Sheet2.Cells(Count + 3, 4) * chord * 100 ' in cm

        Cells(Count + 37, 14).Value = Sheet2.Cells(Count + 3, 6) * chord * 100 ' in cm

     Next Count

    End If

End Sub

Private Sub CmdCalculateData_Click()

    CalculateData

End Sub

'-----------------RESET FORM------------------------

Private Sub ResetForm()

Cells(13, 6).Value = ""

    Cells(13, 7).Value = ""

    Cells(13, 8).Value = ""

    Cells(15, 6).Value = ""

    Cells(15, 8).Value = ""

    Cells(16, 6).Value = ""

    Cells(17, 6).Value = ""

    Cells(18, 6).Value = ""

    Cells(19, 6).Value = ""

    Cells(23, 6).Value = ""

    Cells(24, 6).Value = ""

    Cells(24, 8).Value = ""

    Cells(25, 6).Value = ""

    Cells(26, 6).Value = ""

    Cells(27, 6).Value = ""

    Cells(28, 6).Value = ""

    Cells(29, 6).Value = ""

    Cells(30, 6).Value = ""

    Cells(13, 20).Value = ""

    Cells(13, 21).Value = ""

    Cells(13, 22).Value = ""

    Cells(15, 20).Value = ""

    Cells(15, 22).Value = ""

    Cells(16, 20).Value = ""

    Cells(17, 20).Value = ""

    Cells(18, 20).Value = ""

    Cells(19, 20).Value = ""

    Cells(23, 20).Value = ""

    Cells(24, 20).Value = ""

    Cells(24, 22).Value = ""

    Cells(25, 20).Value = ""

    Cells(26, 20).Value = ""

    Cells(27, 20).Value = ""

    Cells(28, 20).Value = ""

    Cells(29, 20).Value = ""

    Cells(30, 20).Value = ""

    For counter = 0 To 25

        Cells(counter + 37, 12).Value = ""

        Cells(counter + 37, 13).Value = ""

        Cells(counter + 37, 14).Value = ""

        Sheet2.Cells(counter + 37, 12).Value = ""

        Sheet2.Cells(counter + 37, 13).Value = ""

        Sheet2.Cells(counter + 37, 14).Value = ""

        Sheet2.Cells(counter + 37, 4).Value = ""

        Sheet2.Cells(counter + 37, 5).Value = ""

        Sheet2.Cells(counter + 37, 6).Value = ""

    Next counter

End Sub

Private Sub CmdResetForm_Click()

    ResetForm

End Sub

' --------------------------Inverse Cosine Function ----------------

Function ArcCos(ByVal x As Double) As Double

   ArcCos = Atn(-x / Sqr(-x * x + 1.0000001)) + 2 * Atn(1)

End Function

Private Sub cmdPrintingArea1_Click()

    Dim OkCancel As Boolean

    Range("A33:O67").Select

    ActiveSheet.PageSetup.PrintArea = "$A$33:$O$67"

    OkCancel = (Application.Dialogs(xlDialogPrinterSetup).Show)  'select the printer

    If Not OkCancel Then Exit Sub

    DisplayMessageBox1

End Sub

Private Sub DisplayMessageBox1()

    Dim iYesNo As Integer

    ActiveSheet.PrintPreview

    iYesNo = MsgBox("Start Printing?", vbYesNo)

    If iYesNo = vbYes Then

        ActiveSheet.PrintOut

    Else

        Exit Sub

    End If

End Sub

Private Sub PreviousData()

    Cells(13, 20).Value = Cells(13, 6).Value

    Cells(13, 21).Value = Cells(13, 7).Value

    Cells(13, 22).Value = Cells(13, 8).Value

    Cells(15, 20).Value = Cells(15, 6).Value

    Cells(15, 22).Value = Cells(15, 8).Value

    Cells(16, 20).Value = Cells(16, 6).Value

    Cells(17, 20).Value = Cells(17, 6).Value

    Cells(18, 20).Value = Cells(18, 6).Value

    Cells(19, 20).Value = Cells(19, 6).Value

    Cells(23, 20).Value = Cells(23, 6).Value

    Cells(24, 20).Value = Cells(24, 6).Value

    Cells(24, 22).Value = Cells(24, 8).Value

    Cells(25, 20).Value = Cells(25, 6).Value

    Cells(26, 20).Value = Cells(26, 6).Value

    Cells(27, 20).Value = Cells(27, 6).Value

    Cells(28, 20).Value = Cells(28, 6).Value

    Cells(29, 20).Value = Cells(29, 6).Value

    Cells(30, 20).Value = Cells(30, 6).Value

End Sub

Private Sub cmdPreviousData_click()

    PreviousData

End Sub

ii. Basic Page program codes
'----------------------- Calculate Wing Area -------------------------

Public Sub CalWingDimensions()

    Dim LiftCoe As Double

    Dim AOA As Double

    Dim L As Double

    Dim B As Double

    Dim a As Double

    Dim counter As Integer

    Dim yc(100) As Double

    Dim yt(100) As Double

    Dim ytop(100) As Double

    Dim ybottom(100) As Double

    Dim x As Double

    Dim teta1(100) As Double

    Dim xx(100) As Double

    Dim xxbottom(100) As Double

    Dim xxtop(100) As Double

    m = 2 / 100 '1st digit of NACA

    P = 4 / 10  '2nd Digit of NACA

    c = 25 'number of chord points

    T = 12 / 100    ' 3rd and 4th digits of NACA

    If Cells(12, 3).Value <= 0 Then

        MsgBox "Invalid value. Please enter the correct weight value"

        Range("C12").Select

    ElseIf Cells(12, 3).Value > Hex(19) Then

        MsgBox "Invalid value. Please enter the correct weight value"

        Range("C12").Select

    ElseIf Cells(12, 3).Value = " " Then

        MsgBox "Invalid value. Please enter the weight value"

        Range("C12").Select

    ElseIf Cells(13, 3).Value <= 0 Then

        MsgBox "Invalid value. Please enter the correct Height value"

        Range("C12").Select

    ElseIf Cells(13, 3).Value > Hex(19) Then

        MsgBox "Invalid value. Please enter the correct Height value"

        Range("C12").Select

    ElseIf Cells(13, 3).Value = " " Then

        MsgBox "Invalid value. Please enter the Height value"

        Range("C12").Select

    ElseIf Cells(14, 3).Value = " " Then

        MsgBox "Invalid value. Please enter the speed value"

        Range("C14").Select

    ElseIf Cells(14, 3).Value > Hex(19) Then

        MsgBox "Invalid value. Please enter the speed value"

        Range("C14").Select

    ElseIf Cells(14, 3).Value <= 0 Then

        MsgBox "Invalid value. Please enter the speed value"

        Range("C14").Select

    Else

        AR = 5

        L = 0.0065

        ht = Val(Cells(13, 3).Value)

        T0 = 288.15

        TempK = T0 - (L * ht)

        Pressure = 101325 * (1 - ((L * ht) / T0)) ^ ((9.80665 * 0.0289644) / (8.31447 * 0.0065))

        AirDensity = (Pressure * 0.0289644) / (8.31447 * TempK)

        Lift = Val(Cells(12, 3).Value) * 9.81

        Velocity = Val(Cells(14, 3).Value)

        LiftCoe = 0.666443984963651

        Cells(21, 3).Value = (Lift / (0.5 * AirDensity * (Velocity ^ 2) * LiftCoe)) / 1 'wing area

        Area = Val(Cells(21, 3).Value)

        Span = Sqr(AR * Area)

        Cells(22, 3).Value = Span

        chord = Span / AR

        Cells(23, 3).Value = chord

        chord1pt = chord / 25

        Cells(24, 3).Value = chord1pt

    For counter = 0 To (P * c) 'calculation of mean camber line

        x = counter / c

        yc(counter) = (m / (P ^ 2)) * ((2 * P * x) - (x ^ 2))

        teta1(counter) = Atn((2 * m / P) - (2 * x * m / P ^ 2))

    Next counter

    For counter = counter To c ' calculation of mean camber line

        x = counter / c

        yc(counter) = (m / ((1 - P) ^ 2)) * ((1 - (2 * P)) + (2 * P * x) - (x ^ 2))

        teta1(counter) = Atn(((2 * P * m) / (1 - P) ^ 2) - ((2 * x * m) / (1 - P) ^ 2))

    Next counter

    For counter = 0 To c 'shape of a symmetric camber

        x = counter / c

        xx(counter) = x

        yt(counter) = (T / 0.2) * ((0.2969 * Sqr(x)) - (0.126 * x) - (0.3516 * x ^ 2) + (0.2843 * x ^ 3) - (0.1015 * x ^ 4))

        ytop(counter) = yc(counter) + (yt(counter) * cos(teta1(counter)))

        ybottom(counter) = yc(counter) - (yt(counter) * cos(teta1(counter)))

        xxbottom(counter) = (xx(counter) + yt(counter) * Sin(teta1(counter)))

        xxtop(counter) = (xx(counter) - yt(counter) * Sin(teta1(counter)))

        Cells(counter + 36, 11).Value = (Round(ytop(counter), 5))

        Cells(counter + 36, 12).Value = (Round(ybottom(counter), 5))

    Next counter

    For Count = 0 To 25

        Cells(Count + 36, 10).Value = Count * chord1pt

        Cells(Count + 36, 13).Value = Cells(Count + 36, 10) * 100

        Cells(Count + 36, 14).Value = Cells(Count + 36, 11) * chord * 100

        Cells(Count + 36, 15).Value = Cells(Count + 36, 12) * chord * 100

        Cells(Count + 36, 17).Value = Sheet2.Cells(Count + 3, 2) * chord * 100

    Next Count

    End If

End Sub

'=====================Calulate wing dimension===============

Private Sub CmdCalWingDimensions_Click()

    CalWingDimensions

End Sub

'===============Reset Form ===========

Public Sub ResetTest()

    Cells(12, 3).Value = ""

    Cells(13, 3).Value = ""

    Cells(14, 3).Value = ""

    Cells(21, 3).Value = ""

    Cells(22, 3).Value = ""

    Cells(23, 3).Value = ""

    Cells(24, 3).Value = ""

    For Row = 36 To 61

        For col = 10 To 15

            Cells(Row, col).Value = ""

        Next col

    Next Row

End Sub

Private Sub cmdResetTest_click()

    ResetTest

End Sub

'==========================Printing option=======================

Private Sub cmdPrintingArea_Click()

    Dim OkCancel As Boolean

    Range("A27:Q65").Select

    ActiveSheet.PageSetup.PrintArea = "$A$27:$Q$65"

    OkCancel = (Application.Dialogs(xlDialogPrinterSetup).Show)  'select the printer

    If Not OkCancel Then Exit Sub

    DisplayMessageBox

End Sub

Sub DisplayMessageBox()

    Dim iYesNo As Integer

    ActiveSheet.PrintPreview

    iYesNo = MsgBox("Start Printing?", vbYesNo)

    If iYesNo = vbYes Then

        ActiveSheet.PrintOut

    Else

        Exit Sub

    End If

End Sub




� EMBED Equation.3  ���








End





Show printing options





User Select to Print?





Programs to output the result computed and update the drawings and tables.





Request user to re-enter the incorrect entries





Entries entered correctly?





All required fields to be enter by the user





Yes





Yes





No





No
































Table 4.2: Gantt Chart for Airfoil Design Project Plan
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