TURBINE VELOCITY LAB

I. Purpose: To measure and calculate the rotational (angular) and tangential (linear) velocity of a simulated turbine blade.
Related to Business:  Steam turbine blades (any turbine blade) are designed to harness the most energy to create electricity for power plants. 
II. Materials: 2 mini-CD’s, differing material to make blades like 16 oz plastic cups, plastic plates, cardboard, cardstock, rulers, protractors, markers, scissors, super glue, safety goggles

One set-up for all groups: ring stand, thermometer clamp (test tube clamp), motor assembly harvested from a CD player, multimeter, alligator clips, fan with hi-low settings, second ring stand with photogate meter connected to an interface

III. Procedure:

1. Obtain materials. 

2. Design two turbine blades. One set for a low fan setting (similar to less pressurized steam), and the second set for a high fan setting (similar to high pressurized steam) by making the blades longer/shorter and wider/thinner.


*cut out a shape and use it for a model
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*suggested shapes
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*produce 3-4 blades to super glue onto a mini-CD 


*use a protractor to aid in placement of the blades at equal distances on the mini-CD


*test the device by blowing on the blades

3. Attach the blades to the testing device.

4. Test the blades on low and high settings.(Wear Safety Goggles!)  

5. Record the rotational velocity taken by the photogate.

6. Divide the rotational velocity by the number of blades to determine the actual rotational 

     velocity for one rotation. 

7. Record the millivolts produced taken by the multimeter.

8. Repeat for the second blade.

9. Return all lab equipment.

IV. Data/Questions:
	Blade Type & Setting
	Photogate Rotational Velocity

(rotations per second)
	Actual Rotational Velocity

(rotations per second)
	Millivolts (mV)

	Long blades on hi
	
	
	

	Long blades on low
	
	
	

	Short blades on hi
	
	
	

	Short blades on low
	
	
	


1. A) Of the two blades types designed, which one performed the best when the fan was set on 

        low?  Why?


 B) Of the two blades types designed, which one performed the best when the fan was set on 

        high?  Why?

2. Knowing that one rotation is equal to 6.28 radians, convert the photogate rotations per second to radians per second below: 

	Blade Type & Setting
	Rotational Velocity

(radians per second)

	Long blades on hi
	

	Long blades on low
	

	Short blades on hi
	

	Short blades on low
	


3. A) Measure the radius of the fan blades from the center of the mini-CD to the outer tip of the 

         farthest extending fan blade. Record in the chart below:

    B) Next calculate the tangential (linear) velocity of the farthest tip of each blade type using the 

        formula: ____________________

	Blade Type & Setting
	Radius of Blade

(cm)
	Tangential Velocity

(cm/s)

	Long blades on hi
	
	

	Long blades on low
	
	

	Short blades on hi
	
	

	Short blades on low
	
	


4. Which of the blade types and setting produced the fastest tangential velocity?  Why?


5. A power steam turbine rotates at 9420 radians every 30 seconds or (1500 revolution every 30 seconds).
  A) What is the rotational velocity of the steam turbine blade?


B) Calculate the tangential velocity of a turbine blade with a radius of 2.54 cm (1 inch) versus one with a radius of 213.36 cm (7 ft).  

6. In steam turbines shorter blades with less surface area are used for the highly energized/pressurized steam, but longer blades with greater surface area are used for the lesser energized/pressurized steam.  Why would engineers make this choice when designing a steam turbine?

V. Conclusion: 

 
Explain the relationship between rotational and tangential velocity as well as how they 

           differ? 


Answer: The longer blade with greater surface area should have performed the best because it was able to harness more air with less pressure to create a greater torque (turning force).





Answer: The shorter blade with less surface area and less weight should have performed the best because it was able to harness less air, but higher pressure to create a greater torque (turning force).





Answer: vary, but the students should multiply 


the number of revolutions by 6.28 radians 





Answer: vary





Answer: vary…but use the formula: v = r*ώ or tangential velocity = radius* rotational velocity





Answer: Students may find the blade with the longest radius has the fastest tangential velocity probably on low, however the short blade may have a faster tangential velocity if its rotational velocity is greater than the longer blade.  This may be a good question to discuss human error and design flaws.





Answer: Using the formula: � QUOTE � ��� or � QUOTE � ��� … 9420 rad ÷ 30 sec = 314 rad/s





Answer: Using the formula: v = r*ώ or tangential velocity = radius* rotational velocity… 2.54 cm x 314 rad/s = 797.56 cm/s and 213.36 cm x 314 rad/s = 66 995.04 cm/s





Answer:  Engineers are trying to maximize the energy of the steam to get the fastest blade movement creating the most amount of torque (turning force).  The shorter blades require less surface area to harness the highly pressurized steam and rotates fast enough the tangential speed is greater because the rotational speed is higher. However, the longer blades allow for more surface area to harness more air, but with less pressure with a slower rotational speed, but yielding still as fast tangential speed due to the longer radius or greater circumference traveled in a short amount of time. 





Answer:  Rotational velocity is the same for any point on the surface of the object rotating, however, tangential velocity changes.  It increases as the radius increase or the farther away from the center of the rotating object because the distance traveled is greater, but in the same amount of time. Rotational velocity and tangential velocity are related in that they both have to do with circular motion of objects and as the rotational velocity increases, so does the tangential velocity. 
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