
 Episode 5: Wind Energy and 
 Urban Solutions 
 High School Physics Lesson 

 Summary 

 In this episode, students explore how renewable energy technologies like wind turbines work. The focus 
 is on understanding the physical forces such as drag, fric�on, gravita�onal force, and how these forces 
 interact to impact the efficiency of wind turbines. Students will learn about energy transforma�ons and 
 how circular mo�on and air resistance play key roles in harnessing wind energy for electricity genera�on. 

 Objective: 

 Students will understand the physical forces involved in wind energy produc�on, including drag, fric�on, 
 and gravity, and how these forces impact efficiency. They will also analyze energy transforma�ons in 
 renewable energy systems, including wind turbines, and inves�gate how circular mo�on and forces like 
 air resistance and gravity affect turbine opera�ons. 

 Key Concepts: 

 1.  Gravita�onal Force:  The universal force of a�rac�on between objects with mass. 
 2.  Fric�on:  The force that opposes rela�ve mo�on between  two surfaces in contact. 
 3.  Drag:  The force exerted by a fluid (like air) that  opposes an object’s mo�on through it. 
 4.  Momentum:  The product of an object's mass and velocity,  represen�ng the mo�on of an object. 
 5.  Energy Transforma�on:  The conversion of energy from one form (e.g., kine�c) to another (e.g., 

 electrical). 

 Key Vocabulary 

 ●  Gravita�onal Force:  The force of a�rac�on between objects due to their mass. It is responsible 
 for the weight of objects on Earth and governs planetary mo�on. 

 ●  Fric�on:  The resistance that one surface or object encounters when moving over another. It 
 depends on the nature of the surfaces and the force pressing them together. 

 ●  Drag:  The aerodynamic resistance that opposes an object’s  mo�on through a fluid (air or liquid). 
 It is influenced by the object's speed, shape, and the density of the fluid. 
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 ●  Momentum:  The quan�ty of mo�on an object possesses, calculated as the product of its mass 
 and velocity. Momentum is a vector and can be transferred between objects in collisions. 

 ●  Energy Transforma�on:  The process by which energy changes from one form to another, such as 
 conver�ng kine�c energy into electrical energy in wind turbines. 

 Pre-Video Discussion Questions 

 1.  How do wind turbines harness energy, and what forces act on their blades during opera�on? 
 ○  Discussion Point:  Wind turbines rely on the drag force  caused by wind to turn their 

 blades. This mechanical movement is then converted into electrical energy. Discuss how 
 drag affects turbine efficiency. 

 2.  What role does air resistance play in renewable energy technologies? 
 ○  Discussion Point:  Air resistance acts as a fric�onal  force that opposes the mo�on of 

 turbine blades. The effec�veness of wind turbines can be influenced by the level of drag 
 they experience. 

 3.  How does gravity influence the mo�on of wind turbines, especially on tall buildings? 
 ○  Discussion Point:  Gravity ensures the turbine blades  remain anchored but also affects 

 the amount of force needed to resist wind resistance. Gravity also plays a role in 
 maintaining the stability of wind turbine structures. 

 Activity 

 Hands-On Experiment:  Inves�ga�ng How Drag and Fric�on Affect the Mo�on of Turbine Blades 

 Objective  : 

 The goal of this experiment is to understand how drag (air resistance) and fric�on (force between the 
 surfaces) affect the mo�on and efficiency of turbine blades. By simula�ng wind with a fan and measuring 
 the forces ac�ng on lightweight propellers, students will explore how these forces influence turbine 
 performance, which is cri�cal for understanding wind energy genera�on. 

 Materials Needed  : 

 ●  Small fan (preferably with adjustable speed se�ngs) 
 ●  Lightweight propellers or turbine blades (can be made of plas�c or foam) 
 ●  Force probes (to measure the forces ac�ng on the blades) 
 ●  Measuring tape (to measure distances) 
 ●  Stopwatch or �mer (to measure rota�on speed) 
 ●  Protractor (for measuring the angle of rota�on) 
 ●  Ruler or caliper (for measuring dimensions of the blades) 
 ●  Notebook or data sheet (for recording results) 
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 ●  Op�onal: Stopwatch (to measure blade rota�on �me) 

 Procedure  : 

 1.  Prepare the Experiment Setup  : 
 ○  Posi�on the fan on a stable surface where it can blow air directly onto the propeller or 

 turbine blades. 
 ○  A�ach the propeller blades to a sha� or axle that can freely rotate when air is blown 

 onto it. 
 ○  Set up the force probes to measure the forces ac�ng on the blades, including drag and 

 fric�on, at different points along the blade’s surface. 
 ○  Mark distances on the ground or workspace to maintain consistent spacing between the 

 fan and the blades. 
 2.  Test Drag at Different Speeds  : 

 ○  Begin with the fan at a low speed and measure the rota�on speed of the propeller 
 blades. You can use a stopwatch to count the number of rota�ons per minute (RPM). 

 ○  Gradually increase the fan speed to simulate varying wind condi�ons. For each speed, 
 measure the �me it takes for the blades to complete one full rota�on and record it. 

 ○  Use the measuring tape to measure the distance from the fan to the blades. Ensure this 
 distance remains constant throughout the experiment. 

 3.  Measure the Forces Ac�ng on the Blades  : 
 ○  Use the force probes to measure the amount of drag and fric�on on the blades at each 

 fan speed. The force probes should be placed at different points along the blade to 
 measure the force exerted by air resistance (drag) and fric�on at the blade’s contact 
 point with the sha� or axle. 

 ○  Record the force readings for each speed se�ng. 
 4.  Calculate Energy Efficiency  : 

 ○  Use the data to calculate the energy efficiency of the turbine blades at different fan 
 speeds. One way to calculate efficiency is to use the following formula: 

 ■  Efficiency (%) = (Useful power output / Total power input) × 100 
 ○  In this case, the useful power output is the rota�onal speed of the blades (or the kine�c 

 energy imparted to the blades) and the total power input is the energy provided by the 
 fan (the speed of the airflow). 

 5.  Analyze the Results  : 
 ○  A�er conduc�ng the experiment at mul�ple speeds, analyze how the drag force 

 increases with wind speed and how it impacts the rota�onal speed of the turbine 
 blades. 

 ○  Also, note how fric�on between the blades and the sha� (or other moving parts) affects 
 the overall performance. High fric�on typically reduces the efficiency of the turbine. 

 ○  Compare the effects of different wind speeds (fan speeds) on the drag and fric�on and 
 how these forces contribute to the turbine’s ability to generate energy. 

 6.  Calculate and Record Data  : 
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 ○  Use the data collected to plot graphs showing the rela�onship between fan speed, drag, 
 fric�on, and turbine speed. 

 ○  Discuss the pa�erns observed in your data and consider factors such as op�mal blade 
 angle, speed, and material choice for minimizing fric�on and maximizing drag. 

 Discussion Points for Students  : 

 ●  How does drag (air resistance) affect the turbine blades' ability to generate energy? 
 ●  What role does fric�on play in the movement of the blades? How could reducing fric�on 

 increase efficiency? 
 ●  How can the design of the turbine (e.g., blade shape, size, and material) affect its efficiency in 

 different wind condi�ons? 
 ●  How does the speed of the wind (simulated by the fan) affect the power generated by the 

 turbine? What conclusions can you draw from the data about the effec�veness of wind turbines 
 at varying wind speeds? 

 ●  What are the real-world applica�ons of this experiment in terms of improving the design of 
 roo�op wind turbines? 

 Extension Activities: 

 ●  Modeling Air Resistance and Drag  : Students can use the same setup to experiment with 
 different materials for the turbine blades (e.g., paper, plas�c, metal) and compare their 
 efficiencies. 

 ●  Inves�ga�on into Energy Storage  : Have students design  an addi�onal experiment where they 
 connect their turbine to a small energy storage device (like a capacitor or small ba�ery) to 
 measure how much energy is generated and stored during the experiment. 

 ●  Advanced Calcula�ons  : For more advanced students,  they can calculate the theore�cal power 
 output of the turbine blades using aerodynamic formulas and compare it to their experimental 
 data to determine the efficiency loss due to fric�on and drag. 

 ●  Energy Transforma�on Diagrams: 
 Students will draw energy flow diagrams for a wind turbine system, showing the transforma�on 
 from kine�c energy (wind) to mechanical energy (turbine blades) and finally to electrical energy. 

 ●  Circular Mo�on in Wind Turbines: 
 Have students calculate the centripetal force ac�ng on a rota�ng wind turbine blade using the 
 formula Fc=mv2rFc =rmv2 , where mm is the mass of the blade, vv is its velocity, and rr is the 
 radius of the rota�on. 

 Post-Video Discussion Questions 

 1.  What forces are ac�ng on the wind turbine blades as they rotate? 



 5 

 Answer:  The forces ac�ng on the blades include drag (opposing the mo�on), li� (due to 
 air pressure), and gravity (pulling the blades downwards). Fric�on between the blade 
 and air also influences mo�on. 

 2.  How does the principle of conserva�on of energy apply to wind turbines? 

 Answer:  The principle of conserva�on of energy is demonstrated as wind turbines 
 convert kine�c energy from wind into mechanical energy, which is then transformed into 
 electrical energy. The total energy before and a�er conversion remains constant, minus 
 some energy losses due to fric�on and drag. 

 3.  Why is understanding the physics of forces important for improving wind turbine efficiency? 

 Answer:  By understanding the forces ac�ng  on wind turbines, engineers can design 
 blades and structures that reduce fric�on and drag, improve energy capture, and 
 increase overall efficiency. 




