Wind Power: Invitational 2017

i. Rotor Blade Design: types of designs, pros/cons, ways to improve designs, sources of loss.

____	1.	Which of these is NOT a part of a modern wind turbine?
a.
Compressor
c.
Gear box
b.
Nacelle
d.
Yaw drive


____	2.	How many blades does a modern wind turbine have?
a.
2
c.
3
b.
4
d.
There is no standard number of blades.


____	3.	Roughly how tall are most utility-scale wind turbine towers in the U.S.?
a.
65 meters
c.
100 meters
b.
80 meters
d.
140 meters


	4.	In 1919 a German physicist proposed a physical law indicating an upper limit to a wind turbine’s maximum efficiency.  Known as the _______________________________, this law states that there is a limit to the maximum power that can be extracted from the wind, independent of the design of a wind turbine.  The law is derived from the principles of conservation of mass and momentum. According to this law, no turbine can capture more than 16/27 (59.3%) of the kinetic energy in wind. Practical utility-scale wind turbines achieve at peak 75% to 80% of the this limit.

____	5.	The figure shows scale drawings of four objects, each of the same mass and uniform thickness, with the mass distributed uniformly. Which one has the greatest moment of inertia when rotated about an axis perpendicular to the plane of the drawing at point P?
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a.
A
b.
B
c.
C
d.
D
e.
The moment of inertia is the same for all of these objects.


Below are several statements about the two main types of wind turbines; Horizontal Axis Wind Turbines (HAWT) or Vertical Axis Wind Turbines (VAWT).  Use an A or a B to indicate which design the statement applies.
a.
HAWT
b.
VAWT


____	6.	Requires a yaw and bladepitch system.

____	7.	Does not require a yaw or blade pitch system.

____	8.	Insensitive to wind direction allows for larger rotors. 

____	9.	Sensitivity to wind direction changes with height which limits rotor size.

____	10.	Less efficient because not all blades simultaneously contribute to generate torque.

____	11.	Can be scaled down to function in dense urban settings.

ii. Power Generator: designs for wind, nuclear, coal, gas, solar, or hydroelectric.

	12.	A coal-fired plant generates 600 MW of electric power. The plant uses 4.8 ´ 106 kg of coal each day, and the heat of combustion of coal is 3.3 ´ 107 J/kg. The steam that drives the turbines is at a temperature of 300°C, and the exhaust water is at 37°C.
(a) What is the overall efficiency of the plant for generating electric power?
(b) How much thermal energy is exhausted each day?
(c) Using the same heat reservoirs, what is the maximum possible efficiency for a heat engine?

____	13.	The "hot shot" heat engine operating between 40°C and 380°C has an efficiency that is 60% of that of an ideal Carnot engine operating between the same temperatures. If the "hot shot" engine absorbs heat at a rate of 60 kW, at what rate does it exhaust heat?
a.
36 kW
b.
41 kW
c.
57 kW
d.
60 kW


____	14.	As shown in the figure, a coil of wire is placed in the xy-plane, centered on the z-axis. A solenoid is centered on the z-axis and is carrying a steady dc current. Which one of the following actions will not result induce an emf in the coil?
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a.
Rotate the coil about the x-axis.
b.
Rotate the coil about the y-axis.
c.
Rotate the coil about the z-axis.
d.
Move the coil toward point P.
e.
Change the current in the solenoid.


iii. Power Storage: how is power stored during charging and how is it uesd during discharge, concepts related to methods of power storage.

____	15.	A 9-V battery is hooked up to two resistors in series. One has a resistance of 5 W, and the other has a resistance of 10 W. Several locations along the circuit are marked with letters, as shown in the figure. Through which resistor is energy being dissipated at the higher rate?
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a.
the 10-W resistor
b.
the 5-W resistor
c.
Energy is being dissipated by both resistors at the same rate.
d.
Resistors do not dissipate energy.


____	16.	An air-filled capacitor has a potential difference between the plates of 80 V. If the charge on each of the plates of the capacitor has magnitude 8.0 mC, what is the electrical energy stored by this capacitor?
a.
640 µJ
b.
320 µJ
c.
50 nJ
d.
60 nJ
e.
30 pJ


	17.	These store energy in large electrostatic fields between two conductive plates, which are separated by a small distance. Electricity can be quickly stored and released using this technology in order to produce short bursts of power. _________________________.

	18.	These systems store energy in a magnetic field.  This field is created by the flow of direct current (DC) electricity into a super-cooled coil. In low- temperature superconducting materials, electric currents encounter almost no resistance, so they can cycle through the coil of superconducting wire for a long time without losing energy.  What is the four-word term for this method of system? __________________________________________.

iv. Power Transmission: ways electricity is transmitted, how power is lost in transmission, ways to reduce power loss

____	19.	A wire of resistivity r must be replaced in a circuit by a wire of the same material but four times as long. If, however, the total resistance is to remain as before, the diameter of the new wire must
a.
be the same as the original diameter.
b.
be one-half the original diameter.
c.
be one-fourth the original diameter.
d.
be two times the original diameter.
e.
be four times the original diameter.


____	20.	If the resistance in a constant voltage circuit is doubled, the power dissipated by that circuit will
a.
increase by a factor of two.
b.
increase by a factor of four.
c.
decrease to one-half its original value.
d.
decrease to one-fourth its original value.


____	21.	Over ordinary temperature ranges, the resistance of most metals such as copper
a.
is independent of the temperature of the metal.
b.
decreases as the metal gets hotter.
c.
increases as the metal gets hotter.
d.
is a maximum at 20°C.


____	22.	As more resistors are added in parallel across a constant voltage source, the power supplied by the source
a.
increases.
b.
decreases.
c.
does not change.
d.
increases for a time and then starts to decrease.


____	23.	The primary coil of an ideal transformer has 100 turns and its secondary coil has 400 turns. If the ac voltage applied to the primary coil is 120 V, what voltage is present in its secondary coil?
a.
100 V
b.
30 V
c.
70 V
d.
480 V
e.
400 V


____	24.	Which of these is NOT an example of distributed wind generation?
a.
A 50-kilowatt turbine at an office building
c.
A large, 100-megawatt wind farm
b.
A 1.5-megawatt turbine at a university campus
d.
A small, 5-kilowatt turbine at a home


v. Historical Designs: types of windmills, usage, designs pros/cons

____	25.	What is the earliest recorded use for windmills?
a.
Generating Electricity
c.
Pumping Water
b.
Military Training
d.
Grinding Grain


____	26.	Who invented the first electricity-generating wind turbine?
a.
French engineer Georges J. M. Darrieus
c.
Scottish engineer James Blyth
b.
American inventor Benjamin Franklin
d.
American inventor Charles F. Brush


____	27.	Who is credited with developing the less-common vertical-axis wind turbine, sometimes called the "eggbeater" shape?
a.
French engineer Georges J. M. Darrieus
c.
Scottish engineer James Blyth
b.
American inventor Benjamin Franklin
d.
American inventor Charles F. Brush
Wind Power: Invitational 2016
Answer Section

	1.	ANS:	A
The nacelle of a wind turbine, where the tower meets the rotor, houses important components like the gear box, which converts the relatively slow rotation of the blades into the higher RPM of the turbine's generator. The yaw drive is a motor that turns the nacelle to keep the rotor facing into the wind at all times.

PTS:	1

	2.	ANS:	C
Most modern horizontal-axis wind turbines have three blades. Over decades of testing and experimentation -- much of it conducted at the Energy Department's National Labs -- the three-blade design has become widely accepted as the most efficient design for generating electricity in most cases.

PTS:	1

	3.	ANS:	B
The average hub height (measured at the center of the blades) of most utility-scale U.S. wind turbines is 80 meters (262.5 feet), about as tall as the Statue of Liberty. According to Energy Department research, next-generation wind turbines with towers 110 to 140 meters (360-460 feet) tall could reach stronger, more efficient winds high above the ground, unlocking access to wind power in all 50 states.

PTS:	1

	4.	ANS:	The Betz Law

PTS:	1

	5.	ANS:	B	PTS:	1	REF:	Var: 1

	6.	ANS:	A	PTS:	1	
REF:	http://energy.sandia.gov/energy/renewable-energy/wind-power/offshore-wind/innovative-offshore-vertical-axis-wind-turbine-rotors/	

	7.	ANS:	B	PTS:	1	
REF:	http://energy.sandia.gov/energy/renewable-energy/wind-power/offshore-wind/innovative-offshore-vertical-axis-wind-turbine-rotors/	

	8.	ANS:	B	PTS:	1	
REF:	http://energy.sandia.gov/energy/renewable-energy/wind-power/offshore-wind/innovative-offshore-vertical-axis-wind-turbine-rotors/	

	9.	ANS:	A	PTS:	1	
REF:	http://energy.sandia.gov/energy/renewable-energy/wind-power/offshore-wind/innovative-offshore-vertical-axis-wind-turbine-rotors/	

	10.	ANS:	B	PTS:	1	
REF:	http://www.windpowerengineering.com/design/vertical-axis-wind-turbines/

	11.	ANS:	B	PTS:	1	
REF:	http://www.windpowerengineering.com/design/vertical-axis-wind-turbines/

	12.	ANS:	
(a) 33%   (b) 1.1 ´ 1014 J   (c) 46%

PTS:	1	REF:	Var: 1

	13.	ANS:	B	PTS:	1	REF:	Var: 1

	14.	ANS:	C	PTS:	1	REF:	Var: 1

	15.	ANS:	A	PTS:	1	REF:	Var: 1

	16.	ANS:	B	PTS:	1	REF:	Var: 1

	17.	ANS:	Supercapacitors

PTS:	1	
REF:	https://www.iea.org/media/freepublications/technologyroadmaps/AnnexA_TechnologyAnnexforweb.pdf

	18.	ANS:	Superconducting magnetic energy storage (SMES)

PTS:	1	
REF:	https://www.iea.org/media/freepublications/technologyroadmaps/AnnexA_TechnologyAnnexforweb.pdf

	19.	ANS:	D	PTS:	1	REF:	Var: 1

	20.	ANS:	C	PTS:	1	REF:	Var: 1

	21.	ANS:	C	PTS:	1	REF:	Var: 1

	22.	ANS:	A	PTS:	1	REF:	Var: 1

	23.	ANS:	D	PTS:	1	REF:	Var: 1

	24.	ANS:	C
"Distributed wind" is the term for a wind turbine (or turbines) providing power directly to a local area (via a microgrid) or site like a home, school, office building or farm, instead of being connected to the main electric grid. Total distributed wind capacity in the U.S. is nearing 1 gigawatt. |

PTS:	1

	25.	ANS:	C
The Persians are believed to have pioneered the use of windmills to pump water around 600 B.C. Grinding grain was another early use for the windmill in places like the Middle East, China and ancient Greece -- although there's no evidence that anyone outside of "Don Quixote" ever tried to fight one.

PTS:	1

	26.	ANS:	C
In 1887, James Blyth's revolutionary "wind engine" used cloth sails to generate electricity for his cottage in Marykirk, Scotland, making it the first wind-powered home in the world. Later that same year, Charles Brush completed America's first wind turbine in Cleveland, Ohio, a 60-foot tower design (pictured above) that supplied 12 kW of electricity to his mansion for 20 years. Georges Darrieus is credited with later developing the less-common vertical-axis wind turbine, sometimes called the "eggbeater" shape.

PTS:	1

	27.	ANS:	A	PTS:	1

