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1. In order to operate an aircraft in three dimensions, we must be able to control its altitude, or orientation, in three dimensions.  Thus, we define three principle axes to describe an aircraft’s position, and any changes made to it.

2. The origin of these three axes is located at the aircraft’s center of gravity, which is the average location of its mass. The yaw axis is perpendicular to the aircraft’s wings and describes its motion from side to side. 

3. The pitch axis is oriented parallel to the wings and perpendicular to the yaw axis.  Pitch motion is the up and down motion of the nose. 

4. Finally, the roll axis runs the length of the aircraft and describes the vertical movement of the wings.  

5. To evaluate the aerodynamic characteristics of an aircraft as it changes position in these directions, we can measure several different coefficients that describe lift, drag, and torque. 

6. The lift and drag coefficients are dimensionless values that enable us to model the complex effects of shape and flow on lift and drag. 

7. The lift and drag coefficients are defined as shown, where L and D are lift and drag, and S is the reference area of the aircraft model.  Rho and V are the density and velocity of the free stream. We can simplify rho-V-squared over-two to the dynamic pressure, q.  

8. Similarly, engineers measure the pitching moment coefficient, which is a dimensionless value that describes the torque produced by forces on the aircraft in the direction of the pitch axis, called the pitching moment. 

9. Like the lift and drag coefficients, the pitching moment coefficient is defined as shown, where M is the pitching moment, q is the dynamic pressure, and S and c are the reference area and length of the aircraft. 

10. Finally, we can measure the yaw moment coefficient, which describes the torque produced in the direction of the yaw axis. This coefficient is defined as shown, where N is the yaw moment, and b is the wing span on the aircraft.  Tk2: changed to “of”
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11. Engineers use these coefficients to study aircraft performance and stability.  The stability derivatives, taken with respect to the pitch or yaw angles, indicate whether the aircraft is stable or unstable. For example, if the angle of attack, alpha, is suddenly increased by a wind gust, the aircraft’s response determines its stability. 

12. If the angle of attack keeps increasing indefinitely, the aircraft is unstable. This is shown by a positive stability derivative, showing that the pitching moment coefficient continues to increase with alpha. The same is true for directional instability with respect to yaw angle, beta, which gives a negative stability coefficient.

13. If the angle of attack or yaw angle return to their initial values, then the aircraft is said to be stable. This is reflected in the stability derivatives, which are opposite to the unstable conditions.  

14. In this experiment, we will examine a model aircraft [1] as it is exposed to airflow at different pitch and yaw angles, [2] and determine its stability and performance with and without its tail. [3]
1. Use shot:   1.11.3 (Installed airplane model with tail on)
2. Use shot:   1.12.2 (Talent pushes nose down button to reach pitch angle of -6)
3. Use shot: 1.15.3 and 1.15.4 (Talent removes tail and installs tail cone)
Learning Objectives: 
In this section, we list 5 important questions (eg, What is transformation?) that the students should be able to answer at the end of each lab. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 



Take-Homes: 
In this section, we list 5 important take-home messages from the lab. Usually, these are answers to the 5 questions in learning objectives. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 










