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1. Propellers are widely uses in many different types of aircraft for propulsion and the generation of thrust, and must therefore be carefully designed and characterized. 

2. A propeller is essentially a twisted airfoil, where the angle of the chord changes radially. One of the defining characteristics of the propeller is the pitch or its twist. 

3. The pitch of the propeller is generally given in units of length, and is the theoretical distance the propeller will travel through the air in one single revolution. However, due to the drag force on the aircraft and propeller, the propeller never travels its theoretical distance.

4. The actual distance travelled is called the effective pitch of the propeller. The difference between the theoretical pitch and effective pitch is called the propeller slip. 

5. When describing propellers, we also talk about thrust, torque and power, which are characterized by their respective dimensionless coefficients.  Here, T is thrust, Q is torque, P is power supplied to the motor, rho is the freestream density, n is the propellers rate of rotation and D is the propeller diameter. 

6. Importantly, we also define a propellers efficiency. This is calculated using the torque and thrust coefficients, along with the advanced ratio, J, which normalizes the free stream velocity to the propeller rotation and diameter. 

7. Using these dimensionless values, we can determine how a propeller is operating in different conditions.  In the propeller regime, the propeller is producing positive thrust and torque. 

8. The air-brake regime starts when thrust goes negative, while torque remains positive. In this regime, the propeller slows the system down, rather than providing positive forward motion. 

9. When thrust and torque both drop below zero, the propeller is in the windmill regime. Here, the airflow controls the propeller as it produces forces on the propeller that the motor driving the propeller cannot overcome. 

10. It is important to note that beyond the propeller regime, the calculation of propeller efficiency is meaningless. It is always desirable to operate the propeller in the high-efficiency propeller regime for a given airspeed and RPM.

11. For fixed pitch propellers, this can be difficult, as the fixed pitch propellers are designed for one optimum operating condition and are usually most efficient in cruise conditions, and inefficient in takeoff and landing. 

12. One way to improve operation, especially if there are constraints on the diameter or pitch of the propeller, is by increasing the number of blades. This can increase the amount of thrust, however, it comes at the cost of lower propeller efficiency. 

13. In this experiment, we will characterize several different propellers [1] and determine the effect of pitch, diameter and number of blades on performance.[2] 
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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. 










