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The objective of this program is to use conformal mapping to transform a circle into a Joukowski airfoil. In addition; the flow around a circle, at different angles of attack, will be mapped to the flow around an airfoil, using the stream function of the former. This document will briefly explain what conformal mapping is and how the transformation was carried out and finally how the program was developed. 

Conformal Mapping: 
Conformal means that the angles are preserved. This is only accomplished if and only if the function’s derivative in a given region D has a nonzero value everywhere in and on region D. This implies a bijective mapping that is for every point in the z-plane there exists one and only one point in the w-plane. For instance Joukowski transformation is given by:
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Thus we can find the point where the derivative of this function is zero and that is:
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Thus we can see that Joukowski transformation is not conformal at z=1, So if our region touches or is in this point then we are going to have the following phenomena:
· The angles will not be preserved.
· The mapping will be two to one.
However notice that the unit circle, without including its boundary that is 
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; will be mapped one to one, nevertheless in most there are no angles to be considered in this area.

In the picture below we can see how the angle between the real axis and the tangent of the circle is not conserved at the trailing edge after transformation, so we can easily predict were the trailing edge will be located before we even perform the transformation:
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The next airfoil was taken from the program that I wrote using a circle whose center was located at  z=-0.3+0.01i and passing through z=1. The important thing to outline here is the trailing edge; we can see that it is obvious that the angles are not conserved. 
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Joukowski transformation can also be seen as a special case of a bilinear transformation and a translation. First case represents just the simple transformation:
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This transformation has the special property of mapping a circle and a line into a circle as long as the original contour is not touching the origin. In contrast if the contour is touching the origin then it does the opposite; it maps a circle onto a line and a line onto a line (notice that 
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At this point we can start predicting some of the requirements for the circles the will work when using the joukowski transformation. Obviously if our circle touches the origin then its image will be a line, which would not resemble an airfoil so one of the requirements so that the circle is properly mapped is that it cannot touch the origin.
As mentioned earlier our circle must go thought the point z=1 (because of the trailing edge angle). From these two requirements we can suggest that a safe place to choose the raidus of our circle will be in the second quadrant.
The second transformation is a translation, the thing is that the translation is not constant, thus the lengths are going to be varying depending on the point that is being transformed. 
Flow circulation:

The way to obtain the 
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function (streamlines) is done in exactly the same way. We use the Joukowski transformation, but this time the set of points we need to transform are taken from the flow over a circle. The flow potential and the stream line function are the real and imaginary parts respectively  of the complex potential (or complex velocity) which is known to be:
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After doing some algebra and separating the stream and potential function we obtain:
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Thus we are looking for points in the complex plane z such that their magnitude and argument satisfy either, the streamline function or potential function. For different constants we will get different streamlines or potential lines. Notice that when c=0 then we have the streamline that is just surrounding the circle. Using the Joukowski transformation we can transform the set of points the give us the stream line around the circle to the set of points that give us the streamline around an airfoil.

Code Development:

The code is pretty straight forward, I used a for loop to scan over the circle that the user input. The way I scanned through the points was using the complex number addition as shown in the diagram below.

All the complex number that were obtained using the method described above, are now transformed into the w-plane by using Joukowski transformation. Then these point are plotted:
To use the program “airfoil” just input the center of the circle that in the complex plane:
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However I found code
 on the internet that gives the stream lines of the flow and it respective transformation. 
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This angle is varied in the for loop from 0 to 2π





These complex number additions give us the resulting complex number z, to be transformed using Joukowski





Second Quadrant








� http://math.fullerton.edu/mathews/c2003/JoukowskiTransMod.html


� http://www.mathworks.com/matlabcentral/fileexchange/8870-joukowski-airfoil-transformation
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