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Summary of Thin Airfoil Theory 
Definition and properties of vortex sheet
The concept of vortex sheet is essential in the analysis of the airfoil theory that is covered in this chapter. The chapter 4.4 continues the concept of the airfoil theory that a vortex flow induces strength that gives a negative values of the strength induced. Letting s to be distance covered by vortex flow and  can be defined as the strength of vortex sheet per unit length, then  becomes the strength of the infinitesimal portion of the ds. This portion of the cortex sheet can be taken as the vortex of strength. Assuming there is a point P , located distance r from ds with Cartesian coordinates P(x, z) and the section induces an infinitesimally small velocity at P then dV is given by;

The equation is in the direction perpendicular to r.  The equations sums up the velocity that id generated by the vortex sheet. The increment in the potential of the velocity d0 generated at P by the vortex sheet can be given by;

The velocity potential of the vortex sheet at P is generated when the sheet moves from point a to b and is given by 
=-
A rectangular dashed path that encloses the sheet with length ds, the velocity components to the bottom and top rectangular path are u2 and u1 and the velocities of the vortex sheet are also v1 and v2 respectively.  The circulation around the dashed path when the top to bottom of the path is separated by distance (dn) is given by; 

However, considering the fact that the strengths of the vortex sheet in the path is  we have 

The equation swill therefore be; 


Letting the bottom and the top dashed line to approach the sheet that means the dn approaches 0 and u1 and u2 to be the components tangential to the sheet below and above, the equation will become;

Or

This equation is essential for the vortex flows and it states the local jump in a tangential velocity across the vortex is equal to the local sheet strength.

Circulation around a foil with a streamline flow is given by 

If the integral is to calculate the flow around a complete surface, of the, the lift will be given by Kutta-Joukowski theorem

The theory have existed for a long time, the analytical solution for an airfoil of arbitrary shape and thickness took a while to be invented. Instead, the vortex sheet had to be obtained numerically. Replacing the airfoil surface with vortex sheet has a not only mathematical significance but also physical one because there always exists a thin layer on surfaces due to the action of friction between the airflow and the surface. 
In large velocity gradients, the layer that exists between the airflow and the surface is thick and produces a substantial velocity that is  and is finite within the layer boundaries. For this reason, there is always a distribution of vorticity along the airfoil surface because of the viscous effect and the philosophy of vortex sheet taking over the place of airfoil surface can be used to model the effect in an inviscid flow. 
The Kutta Condition
During early development, the flow tends to curl around the sharp edges from the bottom surface to the top. However, theoretically, the incompressible flow has a velocity that is infinitely larger at the sharp end of the flow. The foil instead develops over the airfoil and stagnations on the upper surface tends to move towards the trailing edge at which the steady flow is then reached. This shows that the flow is smoothly leaving the top and the bottom surface of the airfoil at the trailing edge. Applying the Kutta Condition needs precision on the type of flow at the trailing end.  When applying Kutta condition in different shapes of training edges the pressure at the edges is given by Bernoulli’s equation below. 


For a cubed edge, the velocities leaves the top and bottom surfaces at the trailing edges are finite and have equal magnitude and direction as well. The Kutta condition can be summarized as 
· The value of around the airfoil for a given track angle is such that the flow is smoothly leaving the trailing edge.
· Any time the trailing edge is at a finite angle, then the trailing edge is at stagnation point. 
· The velocities leaving the top and bottom surfaces if the trailing edge is cursed are finite and has equal direction and magnitude. 
The strength of a vortex sheet varies along the sheet depending on the philosophy of stimulating the airfoil with the vortex that is located either on the top or bottom of the surface. This variable is donated by y(s). At the training edge, the equation as per the Kutta condition is 

NOTE: without friction we can still have lift. Even though friction is essential in generating uplift force, but pressure is the dominant player in generation of lift. In other words, nature enforces Kutta conditions by the means of friction. 
Kelvin’s Circulation Theory and the Starting Vortex
Assuming that the body forces are all zero considering an arbitrary inviscid and incompressible flow, with an arbitrary curve C1, the circulation around the curve is given by the equation below if the flow is upward. 

If the flow is downstream ay time t2

Circulation around a curve induced by a set of contagious fluid elements following a specific set of condition remains constant throughout the fluid flow. The mathematical statement that can represent the condition above is 

This can be interpreted as the time change in a curve is closed is zero. 
Classical Air Flow Theory
Freestream velocity V1 the airfoil at the attack to be alpha, the axis to be along the chord. The distance along the chord is, the shape of the line is thus given by z=z(x). To condition the camber line to be streamline, then the component of the velocity normal to the camber line must be zero at all points i.e. +  at all points along the camber line. The expression for obtained when the camber line with the slope  is yielded by the formula 
The Cambered Airfoil
[bookmark: _GoBack]Camber is commonly used to increase the lift coefficient of an airfoil. The stalling speed of airplanes utilizing the airfoil is reduced as a result of this. An airplane with cambered wings will have a lower stalling speed than one with symmetric airfoil wings and a same wing loading. The central point of the pressure in a cambered airfoil varies with the lift coefficient. It means the center of pressure changes with changes in the attack. If the lift approaches zero then the value of xcp moves towards infinity. Therefore, the center of pressure becomes a less convenient point to draw the force system but considerable when drawn at the aerodynamic center. 


