
Lectures	and	Homework	
	

4/11/16.	Lecture	7:	
	
Wind	power	
	
	
Homework	#1	due	4/13	
Homework	#2	assigned	on	4/13	
	
Sign	up	for	Kill	a	wa>	meters:	(you	can	sign	up	for	3	days	at	a	Bme)	
Rachel	Cordero,	Room	119	Baskin		
	
Personal	Energy	Audit:	due	May	9,	in	class	
	
Midterm	Exam:		May	9,	in	class	
	
	
	
		
	
	
	
	
	
h>ps://courses.soe.ucsc.edu/courses/ee80j/Spring16/01	
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Think about Final Project Proposals 
<for example> 

 
1. How to make the Santa Cruz Wharf 
Energy Self-Sufficient? 

2. What is the UCSC Campus Energy/
Power Potential of Renewable 
Resources? 

3. How to reduce energy consumption 
of on-campus housing? 



Santa Cruz Green Wharf Project 

Wind turbine 



U.S.-Denmark Workshop on Renewable Energy 
August 1 - 16, 2016 

Participants will learn about the economics, 
politics, science, and technology behind 

renewable energy implementation from leading 
experts, while exploring communities and 

relevant energy sites where such technology is 
in place or currently being implemented.  

The U.S.-Denmark Summer Workshop on Renewable Energy is a 
unique educational initiative developed by leading universities in 
Denmark and California. The two-week workshop, with a week 
of online prep before the workshop (7/25-7/31), takes place annu-
ally in California and Denmark with the 2016 edition in Califor-
nia. It starts with one week of online preparation and continues 
with two  weeks of lectures, seminars and field trips in California. 
The faculty is composed of U.S. and Danish professors, as well as 
external professionals and researchers with proven experience in 
their field. Students will work on team-based projects related to 
renewable energy solutions to specific problems. The interdisci-
plinary approach and holistic perspective allows students with 
various academic backgrounds to interact and develop concrete 
final project ideas, while targeting today’s energy problems from 
different angles. 

Open For All Students!
The workshop is intended for students of all disciplines, chosen on 
the basis of their academic qualifications, creativity, and commit-
ment to renewable energy. Each year, selected students from engi-
neering, business, science, environmental studies, political science, 
economics, and other fields are grouped together across disciplines 
and national ties to form project-based teams that throughout the 
workshop investigate the opportunities and challenges facing re-
newable energy implementation. 

Application Deadline—������͝͡, 2016!
Course Fees (tuition): $1,092 

Estimated Lodging, Food, and Travel: $2,͟͡͠ (plus airfare)
This course is worth 4 credits and is offered through UC Santa Cruz Summer 

Session. Financial aid fellowships are available for current qualified students at 
U.S. universities who are U.S. citizens or permanent residents.  

For more information contact:  
Rachel Cordero, Program Coordinator 
Center for Sustainable Energy & Power Systems, UC Santa Cruz 
831-459-2921 · rcordero@soe.ucsc.edu 

For details on how to apply go to:  
http://pire.soe.ucsc.edu/workshops/2016 



Santa Cruz Green Wharf Project 

What is wind? 



Units of pressure 
(force/area) 
 
1 Pascal (pa) = 1 N/m2 

 
1 bar = 100kPa 
 
Average atmospheric 
pressure at sea level = 
1013.2 mbar 

Barometer 





2015 



Heat capacity of land < heat capacity of the ocean 





:	for	incompressible	fluid/mass/sec	constant,	
 





P	goes	up	2.37	

what are effects that 
prevent us from 
extracting all the energy 
of the wind? 
 

What if we used 
flowing water? 



From Boyle 



United States - Annual Average Wind Speed at 80 m

01-APR-2011 2.1.1

Wind Speed
m/s

>10.5
  10.0 
    9.5
    9.0
    8.5
    8.0
    7.5
    7.0
    6.5
    6.0
    5.5
    5.0
    4.5
    4.0
 < 4.0

Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator   . Web: http://www.windnavigator.com |
http://www.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGS84.
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Altamont pass 
wind farm 

1 m/sec = 2.24mph 





Altamont Pass Windfarm in Northern California 



Types of Wind Turbines 



From Boyle 



HAWT vs VAWT 

TIWARI AND MISHRA 





4KW Vertical Axis Wind Turbine, Hartnell College 
Salinas, Ca. 



Northern European Windmill 



Multi-Bladed Wind Turbine. Horizontal Axis 



 (Vestas, 850kWatt)porizontal Axis Wind Turbine 



Off shore Wind Farms in Denmark 



Altamont Pass Windfarm in Northern California 



Vertical Axis Wind Turbines 





Low v, high P 

High v, low P 
Bernouilli’s principle 
Venturi Effect 

Increase of v between closely spaced buildings 



How does one “fly”? 





Lift and Drag 

chord 













“stall” occurs to the right 
(ie, larger attack angles) 







LIFT AND DRAG 

TIWARI AND MISHRA 





Aerodynamics of Vertical Axis Wind Turbines 



Wind Turbine Speed Power Curve 

http://www.wind-power-program.com/turbine_characteristics.htm 

Turbine limit 



Wind speed frequency distribution at a particular site 



Wind energy distribution at a particular site with the 
previous wind speed powqer curve 



Wind Map 
in Europe 

Denmark 



Acoustical effects of Wind Turbines 



Scattering of Radio  Signals by Wind Turbines 



Public Perception of Wind Turbines 



Wind Turbine Projects in the UK 





Building Augmented Wind Turbine Systems 







GLOBAL WIND POWER CAPACITY 







OFFSHORE WIND CAPACITY IN UK 

What is the off shore wind capacity in Monterey Bay? 





http://www.energy.ca.gov/wind/overview.html 


