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Introduction 

Background 

In 1977 a Dunlite 2 kw generator and various accessory 

components were donated to the College of Natural Sciences 

at the University of Northern Iowa by the Clinton Culver 

Company. Initially the equipment was to be used in a solar 

home project (UNISOL) that was proposed by the Industrial 

Technology Department. This project has been indefinitely 
. 

postponed, resulting in the temporary storage of the wind 

generating equipment- in the Industrial Technology Building 

(ITC) power laboratory. At the present time, September 

1980, there are no plans for the installation of the wind 

generator. 

Significance of the Problem 

There is a need to develop alternative sources of 

energy other than our finite fossil fuel resources (Clews, 

1975; Leckie, Masters, Whitehouse and Young, 1975). One 

possible area of great potential is the clean renewable 

energy in the wind. The World Meteorological Organization 

has estimated that there is a potential for producing 20 

million megawatts of electricity from wind power (Clews, 

1975). Although there are problems with cost, reliability, 

and its inherently intermittent nature, both government 

and industry are working to develop a wind technology thatwill 

help meet today's electrical energy needs. 
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An increased awareness by the general public of 

what wind generators are, their advantages, disadvantages, 

capabilities, and capacities, would help in the popular 

understanding of possible alternatives to present energy 

problems. 

The Industrial Technology Department has an oppor

tunity to help increase public awareness of the' concept 

and potential of wind power by several different means. 

First, department faculty and students would get 

"hands-on" experience with an actual wind system. In

cluded in the experience would be the actual installation 

of the unit, and connection to battery banks, inverters, 

or existing power lines. 

Second, the wind generator installation would provide 

a vehicle for students to conduct research related to the 

problems and potential of wind power. Experiments could 

be conducted in regular or special classes. 

Third, the visibility of the wind generator to both 

the UNI campus and general public would indicate that the 

Industrial Technology Department was engaged in wind power 

use and study. 

Statement of the Problem 

What is the most appropriate location for installation 

of the Dunlite 2 kw generator? 
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Statement of Research Questions 

What is the most appropriate site for the erection 

of a wind generator, given the following research question 

parameters: 

1. What are the faculty suggestions for possible 

installation sites of the wind generator? 

2. What will be the cost of installation qt each site? 

3. What possible research or teaching service uses 

can be made at each site? 

4. For what practical use will the generator be used 

at each site? 

5. What are the comparable wind speeds at each site? 

Limitations of the Study 

This study is the evaluation of possible site selec

tions only, and is based upon various constraints. The 

lack of time to make comprehensive wind speed measurements 

over an extended period of time is a major constraint. 

Related to this factor is the lack of available wind 

speed measuring devices at UNI to generate accurate and 

meaningful wind speed comparisons. There is also a con-

straint ~n possible site locations for the wind generator, 

since only sites suggested by the Industrial Technology 

Faculty will be evaluated. 



Definition of Terms 

Average Wind Speed: 

specified period of time. 

The mean wind speed over a 

Cube Law: The energy in the wind is proportional 

to the cube of the wind speed. 

Cut-In Speed: The wind speed at which the_ wind 

machine is activated as the wind speed increases. 
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ERDA: Energy Research and Development Administration 

Instantaneous Wind Speed: 

fie moment in time. 

The wind speed at a speci-

kW: Kilowatt, a measure of power equal to 1000 watts. 

Leeward: In the direction toward which the wind blows. 

Magnetic Reed Switch: An electrical switch which is 

actuated by a magnetic field. 

Octahedron-Segment Tower: A tower constructed of 

segments consisting of eight sides per segment. 

PERT: Programmed Evaluation and Review Technique; 

a method for scheduling project activities and estimating 

time requirements. 

Ohm's Law: A formula defining the relationship be

tween voltage, current and resistance. 

Rat~d Output Capacity: The output power of a wind 

generator operating at the constant speed and output power 

corresponding to the rated wind speed. 

Rated Wind Speed: The lowest wind speed at which the 

rated output power of the wind generator is produced. 



Relative Ratio Technique: A method used to rank 

items by comparing objective measurements. 

Venturi: A constriction or throatlike passage that 

increases the velocity of a fluid passing through it. 

Wind Rose: The pattern formed by a diagram showing 

vectors representing wind velocities. 

Windward: 

blows. 

The direction or side from which the wind 

5 



Review of Related Literature 

Site Selection 

A windplant can be an efficient and reliable source 
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of electric power, but only if it is positioned in a clear, 

turbulence-free airstream with frequent high winds. Accor

ding to the Enertech Corporation (1977) the U-S. Weather 

Bureau divides the wind into two categories: 'the planetary 

winds and local winds. 

Planetary or prevailing winds are the movements that oc

cur over whole are~s and have a constant directional character-

istic. This direction varies only with the movement of high 

or low pressure systems, and with the seasons of the year. In 

most locations these are the dominant winds, and good wind 

generator sites take advantage of this. Such sites would in-

elude: exposed hilltops, open plains, valley floors, and 

the windward side of gently sloping hills. 

Local winds are caused by temperature differences 

created by local terrain. Land-sea, and mountain-valley 

winds are good examples. An excellent location for a wind 

plant is one where local winds reinforce the prevailing 

winds (Enertech, 1977). 

Th~ Enertech Corporation (1977) stresses the impor

tance of knowing that wind speed measurements made at 

ground level can be very misleadinq. Wind speeds are 

affected by ground level obstacles and by the friction or 

draq of the earth's surface. Winds speeds above ground 
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level are always greater than surface speeds (Clews, 1975; 

Enertech, 1977, Hackleman, 1975; Leckie, Masters, Whitehouse, 

and Young, 1975). This difference can vary from 20 to 50 

percent depending on the height above ground. 

Leckie et.al. (1975) and the Noyes Data Corporation 

(1979) cite a generally recognized "rule of th\lmb" that 

the wind speed increases as the one-seventh power of the 

height above ground. For example, if the wind was blowing 

at ~5 mph at 5 feet the wind speed at 40 feet could be 

predicted as: 

1. 258 and 
7 

V4o = 1. 694 

At 5 feet: 15mph/l.258 = 11.924 

At 40 feet: 11.924 x 1.694 = 20.199 mph predicted 

wind speed 

Table 1 uses this formula to provide predicted wind speeds 

up to 90 feet above ground. 

Since energy in the wind is proportional to the cube 

of the wind speed (McGuigan, 1978, pg. 8), the amount of 

energy available increases dramatically as the height in-

creases, as shown in Table 1. These figures are theoretical 

values, and while they do apply to the real world, there may 

be some variations from actual measured values ·at different 

sites. 

Another example of the advantage of high wind speeds 

is the output of the Dunlite 2000 watt generator at dif-

ferent wind speeds. At 10 mph the output is 280 watts 



Table 1 

Height-Wind Speed-Energy Relationships* 

Height Above Ground Level Wind Speed Available Energy 

5 feet 1.00 1 

30 feet 1. 29 2 . 1 5 

40 feet 1. 3 5 2. 44 

50 feet 1. 39 2.68 

60 feet 1. 43 2. 9 2 

70 feet 1. 46 3. 11 

80 feet 1. 49 3. 31 

90 feet 1. 51 3.44 

*Calculated for a wind speed of 1 mph at 5 feet. 

while at 15 mph the generator produces 1000 watts or 

4 times as much power with an increase of only one-half 

in wind speed. 

Wind generators generally perform best at or near 

their rated wind speed (Enertech, 1977; Sullivan, 1978). 

As a satety measure, generators usually include governors 

to protect against stronger winds. Unfortunately, wind-

8 

plants are highly vulnerable to turbulence. At most sites, 

turbulence is caused by wind obstacles such as trees or 

buildings; or by some land contours such as a sharply rising 
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hillside to windward or leeward (Enertech, 1977). This can 

be avoided by using the general rule (Clews, 1975; Enertech, 

1977; Hackleman, 1975; Leckie et.al., 1975) that a wind 

generator should be placed 10 to 30 feet higher than any 

obstructions within 300 to 500 feet. The cost of the 

additional wiring and added tower height this might require 

will be more than offset by the savings in replacement blades 

and maintenance costs. 

The Enertech Corporation (1977) and Eldridge (1975) 

explain the effect o~ hills on wind speeds. As shown in 

Figure 1, a relatively smooth hill will cause the wind to 

accelerate over the top. This is very similar to the effect 

caused by a venturi or restriction in a wind tunnel. 

Figure 1 

Increased Wind Speed Over A Hill 



If the surface of the hill is rough, however, then 

turbulence results close to the ground and the tower must 

be placed at a greater height to reach a clear airstream 

as shown in Figure 2. 

Figure 2 

Turbulence Caused By Uneven Ground 

In summary, a suitable site should include some or 

all of the following features: 

1. The wind generator should be located as high as 

possible to take advantage of the increased wind 

speeds. 
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2. The site location is one where the local winds 

reinforce the prevailing winds. 

3. Turbulence caused by wind obstacles should be 

avoided. 

4. The wind generator should be located in an area 

of high average annual wind speeds. 

Wind Speed Measurements 

11 

One of the first steps in site selection is to elimi-

nate the clearly inadequate sites. These would include 

turbulent areas, or areas where the wind speeds at ground 

level average less than 8 mph (Clews, 1975, pg. 19). To 

make preliminary wind speed estimates, it is enough to 

observe and record wind speeds once or twice a day for a 

two week period, using any inexpensive wind meter, then 

calculate the average (Enertech, 1977). Wind speeds are 

notoriously variable. Inevitably, there will be several 

weeks when wind speeds will range far below or above normal. 

Once the inadequate sites have been eliminated, it is 

important to get accurate wind speed measurements from the 

remaining locations. Accuracy is important, since a small 

difference in wind speed can produce a large difference 

in the wind generator output because of the Cube Law. Ac

cording to Langa (1980), there is some controversy over 

how long to monitor wind speeds. Suggestions range from 

90 days to 1 year. The longer the monitor period, the 

more accurate the results. 



There is one solution to the problem of obtaining 

accurate wind speed measurements wihtout taking readings 

for a year or more. Wind speeds are measured at these-

lected site sufficiently often to establish a rough cor

relation between the wind speeds at the site and those at 

a nearby weather station. The historical data from the 
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weather station is then taken and adjusted for the difference 

in wind speeds to give a close approximation for the his

to~ical wind speed data at the proposed site (Hand, 1977; 

Langa, 1980). The historical data from weather stations 

around the country can be found in the Climatic Atlas of 

the~, a publication of the National Climatic Center, 

(Appendix A). This summary includes average wind speeds 

and wind directions for each month of the year at the 

weather station location. 

Anemometers 

The actual devices used to measure the wind speed 

can range from the very simple to the very elaborate. 

Table 2 is a commonly-used method to estimate wind speeds 

(Hand, 1977; Leckie et.al., 1975). A popular wind vela-

city met€r or anemometer is the Dwyer Hand Held Wind Meter 

distributed by the Dwyer Instruments Corporation. It has 

two ranges which measure wind speeds from Oto 10 or 60 

mph. A simple home made wind gauge is shown in Figure 3. 

The ping pong ball swings in fue breeze and the angle of the 

string is measured on the protractor. The angle can be con-



Wind Speed 

(mph) 

0 - 1 

2 - 3 

4•- 7 

8 - 12 

13 - 18 

19 - 24 

25 - 31 

32 - 38 

39 - 46 

47 - 54 

55 - 63 
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Table 2 

Wind Speed Indicators 

Wind Description 

Calm, smoke rises vertically. 

Direction of wind shown by smoke drift but 

not by wind vanes. 

Wind felt on face, leaves rustle, ordinary 

vane moved by the wind. 

Leaves and twigs in constant motion. 

Raises dust, loose paper blown, small 

branches move. 

Small trees begin to sway, wavelets form on 

water. 

Large branches in motion, whistling heard 

in telephone wires, umbrellas used with dif

ficulty. 

Whole trees in motion, inconvenience felt 

in walking against the wind. 

Strong gale, extreme difficulty in walking 

against the wind. 

Light roofs liable to blow off houses. 

Hurricane. 



verted into the equivalent wind speed in miles-per-hour. 

Figure 3 

A Home Made Wind Gauge 
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Note. From J. Leckie, G. Masters, H. Whitehouse, 

L. Young, Other Homes and Garbage, 1975, pg. 47. 

Copyright 1975 by Sierra Club Books. Reprinted 

by permission. 
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The_gauges previously described would be difficult to 

utilize in calculating measurements at the height that a 

wind generator would typically be installed. In addition, 

these gauges only measure instantaneous wind speeds. At 

a given site the wind may vary frequently in direction, and 

under gusting conditions the speed may change rapidly. 
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Figure 4 shows a typical U.S. Weather Service graph of 

instantaneous wind speeds. As shown by this illustration, 

the one minute averages that are recorded do not always 

shown the complete wind patterns. 

Instantaneous 
Wind SpePrl, 

mph 

'" 

Figure 4 

1 Mjnutt Average Rl'COrdP.d 
t,y U.S. WP.ether Servic!' 

TimP, Hr 

TYPICAL WIND SPEED RECORD 

Note. From F. R. Eldridge, Wind Machines, ]975. 

pg. 4 3. 

To increase the accuracy of instantaneous wind speed 

measurements several readings must be sample·d and subsequently 

averaged. The more measurements taken, the more represen-

tative the average will be. 

Another approach to measuring wind speeds is to use a 

cup-type totalizing anemometer or "wind odometer." A wind 

odometer counts the number of miles of wind that have blown 

by in a given time period. The cup anemometer output is 

linear and will result in an average wind speed indication. 
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Figure 5 is an example of a home made totalizing anemometer. 

Note. 

Figure 5 

Totalizing Anemometer 

IOIJ!J'r hJt,,,,(l 

(c-:n1J() !·' tn 111' pp,,:·, 
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h ,11 Ji! rap ic•!~ 

From J. Leckie, G. Masters, H. Whitehouse, 

L. Young, Other Homes and Garbage, 1976, pg. 47. 

Copyright Sierra Club Books. Reprinted by permission. 



17 

The average wind speed that is found with the wind 

odometer will give a more accurate picture of the wind speed 

than an instantaneous gauge (Langa, 1980). Howver, as shown 

in Figure 6, Eldridge (1975) has estimated that because the 

wind gusts and is seldom steady, the actual wind power availa

ble at a given site can be 2 or 3 times greater than the 

calculated values based on average annual wind ~peeds. 

a (.irn,t A111pl1tud~ 
h Gust Furmc111on Ttmt! 
c Ma,,.1mun1 Ciu~, Va11at1on 
ti Gust laµst' Tmw 

Figure 6 

An Example of Gusting 

I--" _.J 
'----------~----------1----------------
0 1 sec. 2 sec: 

Note. From F. R. Eldridge, Wind Machines, 1975, pg. 44. 

Wind Generator Towers 

The purpose of the tower is to hold the generator 

securely_in place at a height where it is in a clear wind

stream free from turbulence caused by nearby buildings or 

trees. Towers are typically made of galvanized steel to 

limit corrosion, and are of four designs; single-leg, three-

leg, four-leg, or octahedron-segment (Hackleman, 1975, pg. 47) 
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The towers can be either self-supporting or guyed {Sullivan, 

1978). The guyed towers are held erect by wires anchored 

in concrete while the self-supporting towers draw strength 

from a tapered design and a more secure anchoring than 

guyed towers. All towers must be designed to withstand 

the lateral force produced by high winds acting on the blades. 

The self-supporting towers, three-leg, four-leg, and octa-

hedron-segment, are the most expensive. Single-leg unguyed 

to~ers made of pipe or wooden poles are prone to swaying, 

and Hackleman (1975) strongly advises against using such 

a tower. The three- and four-leg towers are the most common, 

and get their stability from the wide spacing of the legs. 

When using a guyed tower, Hackleman suggests a minimum of 

three guy wires and recommends using five if possible. The 

anchors for the guy wires should be located a distance of 

at least one-half the tower height from the base of the 

tower. All types of towers should be equipped with lightning 

protection kits (Hackleman, 1975; Sullivan, 1978); and in 

many instances, anti-climb sections or other security devices, 

to prevent access to the equipment by unauthorized personnel. 

The two most important considerations in planning the 

tower heJght are avoidance of turbulence and excessive ground 

drag which lowers the wind velocity near the ground. Even 

over clear ground, the minimum recommended height for a 

tower is 30 to 40 feet {Enertech, 1977, pg. 29; Hackleman, 

1975, pg. 45). 
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A compromise must be found which will balance the in-

creased energy gains available at higher levels with the 

cost of increased tower height. Sullivan (1978) provides 

a cost-height comparison for typical towers (Table 3). 

Table 3 

Cost-Height Comparisons 

He_ight Self-Supporting Guyed 

30 feet $750-$1000 $500-$600 

40 feet $900-$1250 $600-$750 

50 feet $1250-$1500 $750-$900 

60 feet $1600-$1700 $900-$1000 

70 feet $2000-$2400 $1000-$1100 

Note. From G. Sullivan, Windpower For Your Home, 

1978, pg. 52. Copyright 1978 by Cornerstone Library. 

Reprinted by permission. 

Langa (1980, pg. 30) in a more recent publication 

estimates the cost of a wooden pole tower at $1900 to $2000 

and a steel tower at $3000 to $4000 although no mention of 

specific height is made. 

Cost is not the only consideration in choosing a tower. 

Vibration, wind buffeting, and rigidity are factors that must 
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be considered when matching a tower and generator. There 

have been tower failures due to interactions between the 

generator and tower. Langa (1980) suggests using only the 

type of tower that is recommended by the manufacturer. 

Line Losses 

When locating a wind generator tower, the ~istance 

from the tower to serviced buildings must also be considered 

in terms of power that is lost in the resistance of the wire 

in the form of heat. Distances of up to 1000 feet from 

tower to load are acceptable if a suitable wire size is 

used (Clews, 1975; Leckie et.al., 1975). To estimate the 

line losses in the wire a variation of Ohm's Law is used: 

where: 

p 

I=-
E 

I= Maximum current output of the wind 

generator. 

P = Power output of the generator in watts. 

E = Voltage output of the generator in volts. 

With the appropriate current value of the wind generator, 

a compromise can be found balancing the cost of the wire, 

voltage drop in the wire, and power loss in the wire as a 

function of distance of the tower from the storage batteries 



or buildings where the electricity will be used. For 

example, the line losses for a 2000 watt generator with a 

200 volt output located 500 feet from the batteries and 

using No. 4 copper wire can be determined using Table 4 

and the previous formula, where: 

Table 4 
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Co~rwcting Wire Voltage. Power lo..ses. and Rough Costs per I 00-foot Separation between Generator and 8111teries 
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Note. From J. Leckie, G. Masters, H. Whitehouse, 

L. Young, Other Homes and Garbage, 1975, pg. 48. 

Copyright 1975 by Sierra Club Books. Reprinted by 

permission. 

The maximum current output of the generator would be: 

p 2000 watts 
I = = 10 amperes 

E 200 volts 



With No. 4 copper wire the cost would be: 

$95 / 100 feet x 
500 feet 

100 
= $475 for 500 feet of 

wire. 

The voltage drop in the wire would be: 

.5 volts/ 100 feet x 
500 feet 

100 

The power lost in the wire would be: 

5 watts/ 100 feet x 
500 feet 

100 

2.5 volts dropped 

in the wire. 

= 25 watts of power 

lost in the wire. 
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Using a larger diameter wire would decrease the resistance 

and therefore the voltage drop and power loss in the wire 

would also decrease, but the cost would increase. By 

moving the tower and generator as close to the load as 

possible, line losses and wire costs can be minimized. 

Battery Storage and Maintenence 

One of the most popular techniques for energy storage 

from small wind systems is the lead-acid battery (Sullivan, 

1978). By connecting six volt batteries in series, the 

voltage output of the wind generator can be matched exactly. 
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For example, the Dunlite generator has an output of 120 

volts (DC). By connecting 20 six volt batteries in series 

the generator output can be connected directly to the 

battery bank. 

Many factors must be considered for the proper location 

of batteries. The Enertech Corporation (1977) gives the 

following recommendations for a battery system rocation: 

1. Batteries should be in a warm, dry, well-ventilated 

room. 

2. They should-be located as conveniently as possible 

with respect to the electrical power source and usage 

point. 

3. They should be located away from all sources of 

direct heat, flame, or spark. 

The temperature of the battery storage room is very 

important to the operation of the batteries. The electrolyte 

in lead-acid batteries is dilute sulfuric acid which provides 

optimum performance at 77°F. 0 
Below 77 F, the capacity of the 

0 
battery bank will fall off to 89% of rated capacity at 55 F; 

0 0 
79% at 40 F; and 73% at 32 F. At higher temperatures than 

77°F, the capacity of the battery bank will be increased to 

105% at 85°F; 107% at l00°F; 0 
and 111% at 120 F. Continued 

operation at temperatures over B0°F is not recommended since 

it will reduce the life expectancy of the batteries (Ener

tech, 1977). 
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Under certain conditions, the battery electrolyte can 

freeze and break the battery container. The freezing point 

of the battery is dependent upon the state of charge. A 

fully charged battery will not readily freeze under normal 

winter conditions, but a fully discharged battery can freeze 

at temperatures slightly less than 32°F. 

Batteries should be stored in racks which are arranged 

to allow convenient hook-up. Figure 7 presents various types 

of ■rack arrangements. Batteries arranged in racks should 

never be in physical_ contact with each other, and should 

have 1/2 inch to 1 inch of space between each unit (Ener

tech, 1977, pg. 44). 

It is extremely important that adequate ventilation be 

provided to prevent the accumulation of hydrogen gas in the 

battery storage room. Hydrogen gas is produced by lead-

acid batteries under charge, and since it is lighter than 

air it will tend to rise to the top of the battery storage 

room. A ventilator should be installed above the highest 

bank of batteries near the highest part of the room. Another 

ventilator should also be installed near the lowest point. 

The ventilation should be adequate enough to prevent the 

buildup ~fa level of 3 percent hydrogen gas by volume 

(Sullivan, 1978). Smoking or other sources of heat, spark 

or flame should not be allowed near the batteries. 

Envirnomental Considerations 

The impact onthe environment should be examined before 
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Battery Storage Arrangements 
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installing a wind generator and tower. An often overlooked 

factor of wind generator installation is the aesthetic ap-

pearance of the unit. The Energy Research and Development 

Administration (ERDA) (1977, pp. 3, 4) conducted a public 

opinion survey which found that "Old Dutch" style windmills 

were preferred for tower structures. ERDA sugqests that 

fue aesthetic appearance of the new generators and towers 

could be improved by design changes and camouflaging. 

The effect of the wind generator installation on plant 

and animal life should be considered. If access roads must 

be constructed to reach the site, damage could result to 

plant and animal life. Birds killed by generator blades is 

a possibility but it has been shown (ERDA, 1977) that this 

is a relatively minor possibility unless the generator is 

located in a migratory bird route. 

The noise produced by the generator blades could be 

annoying to some individuals, and the shadow cast by the 

tower may also cause a disturbance. In addition, television 

signals can experience interference from metal windmill 

blades, but most of this interference would be limited to 

a small area near the wind generator. 

Included in the discussion of environmental impact 

factors are the effects of a tower structural failure or 

generator blade failure. The failure of a tower would af-

feet only the area located in a radius about the tower 

base equal to the height of the tower. The failure of a 

generator blade, on the other hand, could result in the 



blade traveling up to 15 times the blade assembly's ori-

ginal diameter. This occurs only rarely, and usually to 

generators located in turbulent areas during a severe 

storm (Langa, 1980). A thrown blade will "flutter" to 

the ground due to the blade shape, and any damage caused 

by the blade would be less than the damage caus~d by an 

object of similar size and weight without the aerodynamic 

shape. 

Intangible Considerations 

Very little mention of intangible comparisons is 
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found in literature about wind system installations. In

tangible considerations are difficult to quantify, classify, 

or appreciate (Riggs, 1976, pp. 116, 120). Langa (1980) 

mentions intangibles such as "peace of mind," "satisfaction," 

and "visual magic" in his discussion of wind system intan-

gibles (pg. 31). He neglects, however, to make any attempt 

to measure or quantify these variables. Riggs (1976) feels 

that intangible comparisons can be made by completing two 

sets of variables by an individual or group decision where 

one set is the ranking of possibilities under a criterion, 

and the other is a measurement of the relative .importance 

of each of the criterion. Riggs (1976) lists five steps 

to follow in this procedure: 

1. Select independent criteria by which to compare 

all alternatives. 

2. Rate the relative importance of the criteria. 
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3. Determine whether there is a cutoff score for any 

criterion that makes an alternative unacceptable, re

gardless of the scores on the rest of the criteria. 

If so, state the cutoff ratings. 

4. Assign values to the extent each alternative 

satisfies each criterion. An alternative is elimi-

nated if any value falls below a criterion'cutoff 

score. 

5. For each alternative, multiply its criteria 

ratings by the respective importance factors, and 

add all the resulting products. The total scores 

thus obtained can be compared, to determine the most 

attractive alternative. (pg. 119) 

A relative ratio technique can also be used in this 

method to rank more tangible criteria. For example, auto-

matic ranking can be found on a scale of 1 to 10 for the 

cost of a battery. On this scale, the higher ranking is 

more desirable, therefore the lowest priced battery would 

be ranked the highest: 

Bat-tery 1 cost $17 

Battery 2 cost $14 

Battery 3 cost $12 
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Ranking 
$12 

Battery 1 X 10 = 7.1 
$17 

$12 
Battary 2 X 10 = 8.6 

$14 

$12 
Battery 3 X 10 10.0 

$12 

The last step in this process would be to multiply 

the rankings of the individual batteries by the importance 

rating given to battery cost. Figure 8 is an example of 

a decision matrix for the site selection of a wind generator. 

The matrix makes use of tangible and intangible variables 

to determine the most appropriate site. 
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Figure 8 

A Decision Matrix For 

Site Selection 

of A Wind Generator 

CRITERIA I* Site 1 Rate RxI Site 2 Rate Rxl Site 3 Rate Rxl 

Installation Cost 

Educational Value 

Practical Use 

Efficient Wind Location 

TOTALS 

*Where I is· the importance of the individual criterion ranked on a scale from 1 to 10 

with 1 being low and 10 being high. 

The higher the number, the greater the preference, therefore the site with the highest 

total would be the preferred site. w 
0 



Review of Associated Equipment 

Dunlite Generator Description 
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The Dunlite Electrical Company of Adelaide, Australia 

has been manufacturing wind electric systems for more than 

half a century (Sullivan, 1978). Distributors of their 

equipment in the United States include: Energy.Alternatives, 

Greenfield, Massachusetts; Solar Wind, East Holden, Maine; 

and the Enertech Corporation, Norwich, Vermont. Accordinq 

to .Sullivan (1978), the Dunlite unit is very reliable and 

the most popular win?plant in the United States. 

Quirk's of Sidney is the Australian sales agent for 

th~ Dunlite units, and is the reason that the Quirk name is 

found on the equipment. The Industrial Technology Department 

equipment includes, along with the generator, a control panel, 

twenty 6 volt batteries rated at 135 amp-hours each, and an 

inverter which changes 120 volts (DC) into 120 volts (AC). 

The performance specifications of the generator are: 

1. 

2. 

3 • 

4. 

Maximum continuous output 

Peak output (30 mph wind speed) 

Cut-in wind velocity 

Maximum output wind velocity 

2kW 

3kW 

8 mph 

25 mph 

According to the instruction manual, the generator is 

designed to withstand winds up to 100 mph. Automatic 

feathering of the blades is accomplished by centrifugal 

weights to prevent excessive generator speeds in strong 

winds. 



Generator Operation 

The AC current produced in the Dunlite generator is 

converted to DC by diodes located inside the generator 
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housing. DC current will therefore be found at the generator 

output terminals. The current produced by the generator 

travels directly to the transistorized control panel which 

includes a voltmeter and ammeter for monitoring the system 

operation. Current is automatically directed to where it 

. 
is needed, and can flow directly through the panel to any 

load. If there is more than enough current for the load, 

any extra current is automatically diverted to the batteries 

for storage. If the batteries are fully charged and no power 

is needed, the control automatically cuts off the generator 

output by lowering the voltage to the alternator field 

windings. 

The net effect is that any devices connected to the 

system are operated directly from the generator when there 

is sufficient wind; but when there is not, the batteries take 

over and supply the extra power, or all the power when there 

is no wind. This is all done automatically. The batteries 

serve as a stabilizer for the fluctuating wind generated 

current, and have an average life of 15 to 20 years when 

used with this sytem (Clews, 1975). 

An inverter is also included with the system. This 

device will change the 120 volts DC from the batteries or 

generator into 120 volts AC which is the more commonly used 



voltage in residential buildings. Figure 9 is a block 

diagram showing the connections between the components in 

the Dunlite system. 
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Figure 9 

Dunlite Wind System Connections 
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L 120 VAC _J(Used to initially charge batteries.) 



Methods of Procedure 

Survey of Equipment 
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The following components comprise the Industrial Tech-

nology's wind generating system as of October, 1980: 

1 110v Dunlite generator; serial number 18462 

3 Propeller blades with stub arms 

3 Governor weights with nuts 

1 Tail Assembly 

1 Propeller hub assembly; serial number 2507 

1 Tower cap 

1 Brake assembly 

1 Ten-foot tower section 

20 6 volt batteries 

1 Control Panel; serial number c 206-74 

1 DC to AC inverter 

1 Rectifier 

1 Current limiting resistor 

1 Instruction Manual 

All components appear in excellent condition except for 

two items. First, the inverter was damaged in shipping, and 

two bake}ite fuse holders on the front of the unit were broken. 

Since the fuses are of a European style not generally used 

in the United States, they should be replaced with fuse 

holders that would use components of a more available type. 

Second, the propellers have some small dents in the 

blades which could cause vibration problems. The blades 
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are carefully balanced and aligned at the factory. At

tempts to repair the dents could cause the blade to be 

unbalanced and create vibration in the propeller assembly. 

However, the instruction manual states that some denting 

of the blades is permissible; and unless the damage is 

substantial, the overall performance of the machine will 

not be affected. 

The additional electrical equipment needed for a com

ple~e installation would include wire, connectors, electrical 

boxes, and switches ~o connect the generator to the control 

panel, batteries, and inverter. Additional wire would be 

needed for any loads connected to the system. 

Survey of Faculty 

To determine possible locations for the wind generator 

installation a memorandum (Appendix C) was distributed to 

Industrial Technology Department Faculty. The memorandum 

requested suggestions, recommendations, and ideas for the 

installation and use of the wind generator. Seven indi

viduals expressed an interest in the project, and each 

respondent was interviewed. The following suggestions 

for the 9enerator location and use were obtained. 

Site 1 

The wind generator and tower would be located on the 

roof of the ITC building with the controls and batteries 

mounted inside the ITC building. The generator would be 



used to: 

1. Supply electricity for lights along the parking 

lot and sidewalks; and 
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2. Supply electricity for lights on the front of the 

ITC building. 

The proposed installation was discussed with the 

building architect (Grimes, Note 1) and his ideas were 

noted as follows: 

1. The aesthetic appearance of the building would be 

marred by the tower. 

2. The building was not desiqned for a tower to be 

mounted on the roof. 

3. Reinforcement would be required in the roof struc

ture for a roof mounted tower. 

4. Vibrations caused by the generator could cause 

structural damage and leakage in the roof. 

The architect strongly advised against mounting the 

tower on the ITC roof, and for this reason it was felt that 

Site 1 would not be suitable. 

Site 2 

The-wind generator and tower would be located northeast 

of the ITC building with the controls and batteries mounted 

inside the ITC building. Figure 10 indicates the proposed 

location. The generator would be used to: 

1. Supply electricity for outlets along the parking 
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lot for use by electrical vehicles; and 

2. Supply electricity to heat the sidewalks in winter 

to melt snow and ice. 

Site 3 

The generator and tower would be located southwest 

of the ITC building with the controls and batte~ies mounted 

in the storage area next to the power laboratory. The pro-

pos~d location is shown in Figure 10. The generator would 

be used to supply both AC and DC power for the power labora

tory. 

Site 4 

The generator and tower would be located next to the 

UNI observatory south of the campus near married student 

housing, with the controls and batteries housed in a separate 

building. The generator would be used to: 

1. Supply electricity for the UNI observatory building; 

and 

2. Supply electricity for electrical vehicles to be 

used by UNI personnel. 

Site 5 

The generator and tower would be located on personal 

property owned by an Industrial Technology faculty member 

approximately five miles northwest of the UNI campus. The 

controls would be housed in existing buildings with the 
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generator output used to: 

1. Supply electricity for a small barn; and 

2. Supply electricity for heating a stock tank in 

winter 

Site Selection Criteria 

The following independent criteria were seiected by 

the researcher to further evaluate the suggested locations 

for the wind generator. 

Installation cost. The evaluation of this criterion 

included the cost of a tower and base, buildings, wiring, 

and necessary security enclosures to protect the equipment 

from unauthorized personnel. 

Educational value. This criterion was evaluated by the 

accessibility of the wind system for demonstrations, class 

work, and research. 

Practical use. The loads that would be connected to 

the wind system and their practical use were the factors 

used for rating the proposed sites according to this criterion. 

Efficient wind location. The sites were rated by their 

relative wind speeds by comparing wind speed measurements 

-made at each location. 

The relative importance of the criteria were rated as 

shown in Figure 11, with ten representing highest importance, 

and zero reflecting low importance. 
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Figure 11 

Importance Scale of Evaluation Criteria 

10 -F.ducational Value 10.0 

Installation Cost 9 .0 -

--- Efficient Wind Location 7.5 

-- Practical Use 5.0 

0 

Wind Speed Measurements 

The first step in making wind speed measurements was 

to plot a wind rose of the average monthly wind speeds to 

determine the direction of the prevalent winds. Using the 

data in Table 5 taken from a Local Climatological Data sheet 

(Appendix B), a wind rose was plotted (Figure ] 2). 

An instantaneous anemometer and a totalizing or averaging 

anemometer were constructed to measure the wind speeds at 

each site. Initially, the measurements were taken with the 

instantaneous meter, but because the wind speeds tended to 

vary widely over a short time period accurate readings were 

difficult to obtain with this meter. The totalizing anemo-

meter was designed and built in order to give more represen-

tative readings (Appendix D). Figure 13 is a drawing of 



Table 5 

Average Monthly Wind Speeds and Directions 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Average 
(mph) 

10.9 

11 

13.6 

11. 9 

10.5 

10. 8 

6.4 

8. 4 

8.8 

11. 2 

10.4 

11.0 

Speed Direction 
( degrees x 

31 

05 
' 

31 

06 

24 

20 

13 

17 

21 

27 

25 

28 

42 

10) 
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Figure 12 

A Wind Rose For Waterloo Iowa 
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the equipment used to take the wind speed measurements. 

Measurements were taken daily from 3:30 to 4:00 p.m. 

at each site for seven days. The National Weather Service 

(NWS) located at the Waterloo Municipal Airport broadcasts 

hourly weather summaries, including wind speeds, on the 

weather station WXL 94 at 162.55 mhz. The NWS average wind 

speed measurements are taken at a height of 15 feet above 

ground and 15 minutes before the hour (NWS, Note 2). The 

NW~ wind speed measurements were recorded at the same time 

as the site measurements to be used as a standard for com-

parison. Table 6 contains the wind speed data for each site 

along with the NWS reading. The data for sites 2 and 3 are 

identical since the measurements were taken at the same site, 

and represents the average wind speed at the ITC building. 

Table 7 shows the average wind speed for the seven day period 

of both the measured wind speeds and NWS wind speeds. Also 

shown is a percentage representing the measured values com-

pared to the NWS values. 

Table 7 

I Wind Speed Comparisons for a Seven Day Period 

-
Values Site 2 and 3 Site 4 Site 5 

Measured Values (mph) 11. 7 13.6 12.5 
I 
i 

I 

bws Values (mph) 16 16 15.9 
I 
I 

Percentage of Measured 73% 86% 79% 
Values of NWS Values 
--·------. ·-- --- --- ·----~-·-·-·- -- .. ~- - . - --~ - . - - -·--·• , .. ---·· ·-··------ --------··-
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Figure 13 

Portable Equipment for Wind Speed Measurements 
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Table 6 

WIND SPEED DATA 

Sites 2 and 3 

Measurement No. 1 2 3 4 5 6 7 I 

' 

teasured Average 11. 9 11. 3 8. 3 14.4 10.0 16.4 10.0 
ind Speed (mph) 

. 
NWS Average 17 16 13 18 14 18 16 
Wind Speed (mph) 

I Site 4 
I 

I 

Measurement No. 1 2 3 4 5 6 7 

1Measured Average 14.1 15.6 8.8 15. 2 13.1 15. 5 13.6 
Wind Speed (mph) 

NWS Average 17 16 13 18 14 18 16 
Wind Speed (mph) 

Site 5 

Measurement No. 1 2 3 4 5 6 7 

-
Measured Average 15.6 13.4 13.6 11. 2 11. 9 9. 1 12.8 
Wind Speed (mph) 

NWS Average 18 17 19 14 14 13 16 
!Wind Speed (mph) 



The relative rankings of the average wind speeds at 

each site were subsequently developed, with the results 

shown in Figure 14. 

Figure 14 

Efficient Wind Location Rankings 

1rnportance Location 

10 ------ - Site 4 10.0 
Site 5 9.2 

·-- Site 2 and 3 8.5 

0 

Each of ~he rankings were calculated as follows: 

86% 
10 10 Site 4 X = 86% 

79% 
10 9. 2 Site 5 X = 86% 

73% 
10 8.5 Site 2 and 3 X = 86% 
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Height Measurements of Wind Obstructions 

To determine the necessary tower height needed to place 

the generator above the turbulence caused by obstructions, 

the height of the obstructions was found. Figure 15 is a 

diagram indicating the method used to determine the height 

of the obstructions. A compass was also used to- determine 

' the direction of the obstructions from the proposed tower 

locations. The height, distance, and direction of the 

largest trees and buildings within a 300 foot radius of 

each site are shown ~n Table 8. The obstructions located 

in the direction of prevailing winds, as shown in Figure 12 

would be the major producers of turbulence for the generator. 

Table 8 

Height and Direction of Wind Obstructions 

Location Wind Obstructions 

Height (ft) Direction Distance (ft) 

Site 2 77 NW 300 

55 NNW 146 

50 SE 168 

16 SW 100 
-

Site 3 25 NE 50 

40 NW 234 

Site 4 27 s 100 

Site 5 40 N 110 

----·-- ·- .. ··-----------·-------,__ 



Figure 15 

Method for Measuring Wind Obstruction Heights 
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Tower Height Selection 

Using information from Table 8, the minimum recom

mended tower height for each site was determined as shown 

in Table 9. The height was determined by taking the tallest 

obstruction height at each site, and adding 20 feet. 

Location 

Site 2 

Site 3 

Site 4 

Site~ 

Table 9 

Recommended Tower Height 

Height (ft) 

90 

60 

50 

60** 

** a 30 ft. tower is already installed at that site. 

Installation Cost 

This criterion was evaluated by findin~ the estimated 

costs at each site for the following items: 

1. Generator tower; 

2. Generator tower base; 

3. An enclosure for the controls and batteries; 

4. Security enclosures for protection of the equip

ment; and 

5. Wiring for connecting the controls and batteries 

to the generator. 



The least expensive method of obtaining a suitable 

tower would be the utilization of the existing ten foot 

section of tower, and the fabrication of the remaining 

sections by the Industrial Technology Department. The 
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costs (Weissman, Note 3) of the materials used in the existing 

section of tower are shown in Table 10. 

Table 10 

Material Costs for Tower Fabrication 

Material 

2 1/4 x 2 1/4 x 3/16 angle 
cold rolled steel 

1 3/4 x 1 3/4 x 1/8 angle 
cold rolled steel 

1 x 1 1/8 angle 
cold rolled steel 

1 1/4 X 3/16 
flat mild steel 

Cost 

$1.12 per linear ft. 

$0.55 per linear ft. 

$0.31 per linear ft. 

$0.38 per linear ft. 

Table 11 is an estimation of the material costs for 

constructing towers up to a height of 90 feet using the 

materials given in Table 10. 

The recommended size for concrete tower footings is 

three cubic feet for each leg (Sullivan, 1978). The es-

timated cost (November, 1980) for a concrete base is 

$149.45 (Shirey, Note 4). 



Height 

20 

30 

40 

50 

60 

70 

80 

90 

Table 11 

Estimated Tower Costs 

Costs 

$ 66 

$157 

$283 

$457 

$698 

$1029 

$1361 

$1692 
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Some proposed sites will need a building to house the 

batteries and controls. The estimated cost (Payless, Note 5) 

is $837 for a 8 ft x 10 ft building (Appendix E). Some 

sites will need security fences to protect the equipment. 

The estimated costs for two sizes of enclosures (Miller, 

Note 6) are: 

$891 for a 26' x 19' x 6' high fence 

$688 for a 12' x 12' x 6' high fence 

All proposed sites will need electrical wire to con-

nect the generator to the controls and battery bank. Table 

12 contains the cost (November, 1980) of appropriate size 

wire (Crescent, Note 7). 
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Table 12 

Wire Costs 

Wire Size 
Price per 1000 ft. 

NM ( indoor) UF (underground) 

14 - 3 $154.20 $_169. 96 

12 - 3 $224.43 $;241. 6 4 

10 - 3 $333.56 $352.17 

The estimated {nstallation cost for each site was de

termined as follows: 

Site 2 tower and base $1841 

security $ 688 

wiring $ 75 

TOTAL $2604 

Site 3 tower and base $ 843 

security $ 688 

wiring $ 25 

TOTAL $1556 

Site 4 tower and base $ 602 

building $ 837 

security $ 891 

wiring $ 25 

TOTAL $2355 

Site 5 wiring $ 100 

TOTAL $ 100 
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The estimated installation costs included only the 

items where cost was affected by location. For example, 

the cost of switches, connectors, and circuit breakers 

was not included in the wiring estimates since these items 

will be found in all of the proposed sites. However, the 

amount of wire used varied from site to site; therefore, 

the cost of wire was included in the estimates. 

Figure 16 

Estimated Installation Cost Rankings 

Importance 10 ___ ,____ Location 

------ Site 5 

____---: Site 4 
Site 3 

10 

0.40 
0. 60 

0 Site 2 0.38 

The estimated installation costs were ranked as shown in 

Figure 16. The rankings were calculated as follows: 

$100 
10 10 Site 5 $100 

X = 

$100 
X 10 = 0.4 Site 4 $2355 

$100 
10 0.6 Site 3 $1556 X = 

$100 
10 0.38 Site 2 $2604 X = 
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Educational Value 

Each site was evaluated according to the accessibility 

of the wind generating equipment for faculty and student 

use. The sites were ranked as shown in Figure 17 according 

to the distance, in miles, from the ITC building to the 

wind generating system. The rankings were calculated as 

follows: 

. l 

. 1 

• l 
• 7 5 

. 1 
5 

X 

X 

X 

10 10 Site 2 and 3 

10 = l. 3 Site 4 

10 0.02 Site 5 

Figure 17 

Educational Value Rankings 

Importance 
10 ---it--------- Location 

Site 2 and 3 

o-------
Site 4 

Site 5 

l. 3 

0.02 

10 



Practical Use 

Practical use was a difficult criterion to evaluate. 

The sites were considered by the author according to the 

loads that would be connected to the wind generator, and 
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the practical value of the loads. 

ranked ,is shown in Figure 18. 

The sites were arbitrarily 

Site Selection 

By using the importance ratings of the four criteria, 

and the rankings of _each site according to the criteria, the 

most appropriate site was selected as shown in Figure 19. 

The site with the highest point total on the decision matrix 

is # 3. Tris site locates the tower southwest of the ITC 

building with the controls and battery bank mounted in the 

storage area next to the power laboratory. Based upon all 

of the factors previously discussed, Site 3 is the recommended 

installation site for the wind system. 

Importance 

Figure 18 

Practical Use Rankings 

10 ----.----

---

O---...... ---

Location 

Site 5 7.0 
Site ,1 7.0 

Site 3 6.0 
Site 2 5.0 



Figure lg 

DECISION MATRIX FOR SITE SELECTION 

LOCATION 
CRITERIA Site 1 Site 2 Site 3 

I 

I RATE RATE X I RATE RATE X I RATE RATE X I 

Installation 9.0 NA NA . 38 3.42 0.6 5.4 
Cost 

Educational 10 NA NA 10 100 10 100 
Value 

Practical 5.0 NA NA 5 25 6 30 
Use 

Efficient 7. 5 NA NA 8.5 63.75 8.5 63.75 
Wind 
Location 

TOTALS NA 192.17 199.15 

Site 4 

RATE RATE X I 

0.4 3.6 

1. 3 13 

7 35 

10 75 

126.6 

Site 5 

RATE RATE X I 

10 

. 0 2 

7 

9. 2 

90 

2 

35 

69 

196.0 

Vl 
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Approval Needed for Installation 

Before the proposed installation can be attempted, the 

necessary approval must be obtained from the appropriate 

sources. Any construction projects on the UNI academic 

campus are subject to approve from the following groups or 

individuals: 

1. Every proposed project is classifed as,either an 

individual or department proposal by the Facilities 

Planning Office. The wind generator installation is 

an Industrial T~chnology Department project, and would 

therefore need the approval of the Head of the Indus

trial Technology Department. 

2. Project proposals are reviewed by the Campus Planning 

and Advisory Committee. The committee approval is 

needed before a project can be undertaken. The wind 

generator installation would be presented to the 

committee by the Industrial Technology Department 

representative, Dr. Clifford Mccollum. 

3. Plans for a project must be checked and approved by 

a licensed engineer. The wind generator plans, in-

eluding the generator tower structure, will need to be 

app-roved by a structural engineer since the Facilities 

Planning Office does not have an engineer familiar with 

tower design. 

4. Although the UNI campus is exempt from Cedar Falls 

zoning laws, the wind generator installation is still 



required to meet the standards set forth by the 

National Electrical Code. 
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5. A construction permit will be issued by the City 

of Cedar Falls for the actual construction work. The 

work can be done by either the Industrial Technology 

Department or an outside contractor. I n t_h e 1 a t t e r 

case the UNI Physical Plant will handle the competitive 

bids. 
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CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this paper was an attempt to answer the 

question: What is the most appropriate site for the erection 

of a wind generator using suggestions for possible sites 

from Industrial Technology faculty; and evaluating instal

lation cost, education value, practical use, and wind speeds 

at each site? 

Five possible sites for the generator were suggested by 

In8ustrial Technology faculty. The variable costs of in-

stalling the genera½or at each proposed site, the distance 

of the generator from the ITC building, the practical use 

of the proposed loads connected to the generator output, 

and average wind speeds for a seven day period were evaluated 

and ranked for each site. Site 1 was eliminated as a pas-

sibility on the recommendation of the ITC building architect. 

In his opinion the building could be damaged by mounting a 

tower and generator on the ITC building roof as proposed by 

Site 1. The remaining site rankings were compared by using 

a decision or selection matrix and the appropriate site was 

selected. The recommended site for the wind generator was 

southwest of the ITC building near the power laboratory. 

The minimum suggested tower height was 60 feet. The controls 

and batteries for the wind system would be located in the 

power laboratory storage area. 

cost was approximately $1556. 

The estimated installation 

There are several areas that should be discussed about 

the selected site. This paper was a preliminary research 
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into the possibility of installing the wind generator. 

A more detailed analysis should be undertaken of the site 

that was selected. This analysis should include the design 

of the complete electrical system that will be used including 

a suitable rack arrangement for the battery bank, and the 

type and number of loads, switches, and wiring that will be 

needed. Detailed working drawings of the wiring must be de-

veloped for the complete system to enable contractors, if 

they are used, to make appropriate bids; and for presentation 

to the committees and individuals responsible for approving 

the project. For the same reasons, working drawings and 

specifications are also required for the tower and base 

construction. 

The tower height which was selected for the site is 

an optimum value. It is entirely possible that a shorter 

tower could be used if the equipment was not expected to 

operate continually. The reduction in operation would be 

necessary since the generator would be subjected to tur

bulence when the wind was blowing from the direction of the 

wind obstructions if the tower was lower than the obstruc-

tion. The purpose of the installation is primarily for 

education utilization and would not require continuous 

operation. Therefore, the reduction in tower height is one 

way to reduce the installation cost. A study of wind speed 

and turbulence at various heights at the proposed site would 

assist in selection of an appropriate tower height if this 

approach were used. 
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Mention should also be made of the estimated instal-

lation costs used in this report. The installation cost for 

the selected site is an approximate value based on variable 

costs that were affected by the location. All of the costs 

involved in the actual erection of the wind generator were 

not evaluated. A more complete analysis of the instal-

lation cost should be made if and when a decision to install 

the generator is made. 

Finally, the installation of the wind generator will 

require the coordin~tion of many people and resources. 

In order to provide an aid for future study of the wind 

system installation, a PERT diagram was developed as shown 

in Figure 20. The diagram outlines the activities and the 

time required for the activities in the wind generator 

installation. 

diagram. 

Table 13 is the activity list for the PERT 
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Time is in days. 

Critical Path 

Figure 20 
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PERT Diagram for a Wind System Installation at UNI 
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Table 13 

Activity List for PERT Diagram 

Description 

Develop wiring diagrams 

Develop structural drawings 

Obtain department approval 

Obtain Campus Planning and 

Advisory Committee Approval 

Acquire funding . 
Construct tower 

Paint tower 

Construct base 

Assemble generator 

Mount controls 

Construct battery racks 

Wire loads, controls, and batteries 

Erect tower 

Mount generator 

Construct security fence 

Wire generator to batteries and controls 

Test system 

Symbol 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 
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Appendix A 

Climatic Atlas of the U.S. information 



The Climatic Atlas of the U.S. is printed by the 

Government Printing Office for the: 

U.S. Department of Commerce 

National Climatic Center 

Federal Building 

Asheville, North Carolina 

28801 
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The atlas includes information about temperature means 

and extremes, precipitation amounts, sunshine average, 

cloud cover, and wind directions and speeds. 

The cost of the atlas is approximately $7.00 (November, 

1980), and can be purchased from the: 

Superintendent of Documents 

U.S. Government Printing Office 

Washington, D.C. 



Appendix B 

Local Climatological Data 

sheet for 

Waterloo, Iowa 
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Local Climatological Data 
Annual Summary With Comparative Data 

1979 
-WATERLOO, IOWA 

Narrative Climatological Summary 

University of Northern Iowa 

The city ,)f Waterloo is situated on the b:mks uf the Cedar Riv•2r in northeast Iowa, and has 
a cl irn;ite continental in chara<.:ter. It is £.Jr rL~muved from the moderat~ng influence of :my 
large body of water, and a wide variation is experJuncud in both temperature and precipita
tion during the four distinct seasons. 

The average annual precipitation for Waterloo is near 32 inches, though annual amounts have 
varied from 17.35 inches in 1910 to 50.79 inches in 1965. The most likely annual amount is 
between 28-1/2 and 35-1/2 inches. The distribution of precipitation through the year is 
very favorable •for agriculture with an average 71 percent of the year's total falling in 
the April to September crop season. As befits the continental climate, the annual tempera
ture range is large. January, the coldest 111,Jntli, averages near 18°F and the warmest month, 
July, averages about 74°. Extreme te~::,er:1turcs are -34°:F and 112°. 

It is soml'timL>S convenient to rlivi,lLi the yc,H Lnto pL:riods correspunc.ilng to the growing 
SPason nf the staple crops of the ,1re,1. \.Ji11L<!r, curre:,ponding to the period of dormant 
plant I ife, ,:,xtends from November 7 tu M.11Tlt II, ba&ed on a mean daily temperature of 1,0°. 
This ~.i11tt:r period is a season uf ,'.uld, dry wi::ither occasionally broken by storms of sl1ort 
duratiun. Precipitation during the• wi11t{·1· i1, 111,ti.nly in the fonn of snow with rain Ille 

predomi 11:111l form at the beginnill)', d11d ,lt t fie cl osu t>f the season. Like the annual 1:1 in-t all, ;11111u.1l snowfall varies c~nsicl,•t,1ul•: !rum yc:_,r to year, having ranged from 11.b j1H:hes 
1r1 thL' l 'Jfi 7-68 season to 59. 4 1ncli,•,; d11r 11q•, Ll1l' w tnt l'r of J 961-62. Minimum temper.it urc•s of 
zero or lie.low have an average occurr.u11cc, ul. :1li<>11t 28 d:ty:, per year. Bitterly cold ,Liyi; 
with maximum temperatures zero or lo,.ii:r .1vei-:w,.· abot1L 3 days per year. Temperaltll ,: rvcords 
after 19'i9 from the hygrutlwrmomutL,t: L·xpu:;,,d u11 :1 f.ivld s[t(: at the airport indicat,• a 
ldgher frequency of temperatures of zerc, ur b,·IL,w (st'L' N"rrn:ds, Means, and Extremes table 
on next page). During .the winter, 1-ll'uv.ii I ill!'. wi11,b arc f1·um the northwest. 

The spring growing season is marked by an iucn•.Jse in both frequency and intensity of 
rainfall and by a rapid increase in the se.Jsu11:1l temperature march. Spring extends from 
April 1 to May 18, based on mean daiJ.y temperat11rcs between 40° and 59° - a range suitable 
£or hardy crops. Average date of the last temperatun! uf J2° is May 6. 

The surnmL!r growing season extends fru111 May 19 to SL'pte1111.Jcr 19, based on a mean daily tem
perature of 60°. Precipitation, increases du.-ing the spring and reaches its maximum in 
June. Mu'.;t summer precipitatio11 f:11 Is ln n>n11l'clion wi.th thundershowers, thrL'e-fnurth'., of 
wli ich (><.:c11r during tlH' sulllll1er gruw i ng s,•,1~;u11. Tf11• prcv:ii 1 ing sununer wind is soutlwrl y, 
supplying moistun, fro~1 the Gulf uf ~kxicn. ll,iily tempur;iturcs reach their highest lev,·1 
i.n July or L•arly August. The u(:curn:11,·c ul 111.ix!m11m temperatures uf 90° ·or above fo1· 189'1-
1959 liave averagL•d about 22 ,L1ys pl'r ye,1r and maxim:1 ul 100° or higher average about 2 d.tys 
per yL·:tr. llygruthern1LHnl'ter daL1 ,1ftur l'J59 indic.1le lowc.•r frequ1~ncies for maxima llf ')0° 
and 1U0°. Aver;ig(' date of the fir!;t t.enqwr;1turc uf 3~" is October 3. 

The f:11 I >•,rowing Sl'asun extends frum 
cJ;.dly tc•rn1wr,1ture Ii.is fall<~n tu t,U 0

• 

i tat i"n :rnd frequent pL•riods of w,1rm 

Sept l'ruber :10 Lo NllVl'mlH·r 6, by which time the mean 
Th,1 t:11 l l,; .-h:1r,1ct.erized by a decline in precip

d.ty,;, ,·uol 11igftt.s, and cloudless, but hazy, ski,·s. 

noaa NATl<mAl. CiCFANIC AND 

AlMO:.if'Hl.fllC ADMINI$1HATION / 

tNVIHONME.NTAL UATA AND/ NATIONAL CLIMATIC CENTER 
!NI UHM/\ TION '.,EH VICE ASHEVILLE, N.C. 

* 
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Appendix c 

Memorandum distributed to department faculty 
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U N I V E R S I T Y O F N O R T H E R N I O WA · Cedar Falls, Iowa s-06, 3 

Depart111ent of Industrial TechnolOlJY 

MEMO TO: 

DATE: 

FROM: 

RE: 

ITO Faculty 

September 12, 1980 

Willi am Ros burg 

Future installation of the ')uirk's wind powered,generator 

As one component of research in my masters program, I am looking 

into the possible erection and use of the 2kw wind powered generator 

that is presently stored in our powPr laboratory. 

If you are interested in this ide<l and have any suggestions, 

recommendations, ideas, or inforn1t1tion that you could share with me 

about this project, I vmuld likP to discuss the111 with you. 

You may contact me any ti111e, or if you prefer, just mark the 

box below and return this 111e1110 to 111y 111,lilbox and I will contact you. 

Thank you. 

o I would like to discuss thh idea vJith you. 

• 
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Anemometer description and calibration 
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Anemometer Description and Calibration 

The instantaneous anemometer uses a DC electric motor 

connected to a shaft turned by four plastic cups held in the 

wind stream. The current output of the motor is fed through 

calibration potentiometers to a milliammeter. Two ranges 

are used to help increase the accuracy of the Leadings. 

Figure D 1 is a schematic drawing of the circuit. To cali-

brate the anemometer the current reading of the meter is re

corded at different wind speeds using the Dwyer Hand Held Wind 

Meter and Scott wind tunnel. Figures D 2 and D 3 are graphs 

of the current output versus the measured wind speed on the 

high and low range settings. Since the output is linear, the 

relationship can be expressed by the linear equation: 

y =ax+ b 

Where: y = wind speed in mph 

z = slope of the line 

x = meter reading in milliamps (ma.) 

b = y intercept 

The equation for the low range calibration is: 

Instantaneous wind speed= 4.167 x meter reading in 

ma. + 5.8 

Th~ equation for the high range calibration is: 

Instantaneous wind speed= 41.67 x meter reading in ma. 

+ 6.75 

In actual use, the range and meter reading is noted, 

and the reading inserted into the proper equation to cal

culate the wind speed. 



Figure D 1 

___ ,...... 
plastic housing --

DC electric motor-- --

plastic cups 

---magnet 

---magnetic reed switch 

79 

22 I /2 v 
b,lttcry 

low -high r,rngc S-N itch 

~ st:1 rt -stop switch 
1 

\ 
c,J libr,Jtion 
potentiometers 

,<-----. 
\ --· -I ma. meter 

clcctro-mech,rnic,11 counter 



10 

9 

8 

MPII 

.., 
I 

I , iµ:u n I l:2 80 

I ,UW I{,\ NC f<' 

. 2 . 6 
M\. 

A 11~ ,,110111L'tl'r ( ',1 l ibra t ion ( '.urvc ' 



JO 

25 

20 

15 

LO 

5 

Figt1rt_' I H 

111 CII I{ \ NC 1: 

. 2 
M \ .. 

• 6 

,\11L·mon1dl'I' < ·,1 I ihrarion Curve 

81 

. 8 



82 

The totalizing anemometer uses a magnetic reed switch 

actuated by a magnet mounted on a shaft turned by four 

p11stic cups held in the wind stream. The shaft and cups 

from the instantaneous meter are also used for the totalizing 

anemometer. When the magnet rotates past the switch and 

closes it on each revolution of the cups, the .circuit is 

completed and the counter is advanced. 

a schematic drawing of this circuit. 

of"the calibration curve of the meter. 

Figure 'D 1 contains 

Figure D 4 is a graph 

The anemometer is 

calibrated by counting the number of revolutions of the 

anemometer cups in a specific time period at a specific 

wind speed. The Dwyer Hand Held Wind Meter and the Scott 

wind tunnel were used for calibration. Since the output 

is linear, the linear equation can be used: 

y =ax+ b 

Where: y = wind speed in mph 

z = slope of the line 

x = number of revolutions per minute 

b = y intercept 

The equation for the totalizing anemometer calibration is: 

Average wind speed= .040 x revolutions per minute+ 5.5 

In-actual use the starting number of the counter is re

corded, and after ten minutes the ending number recorded. 

The difference in the two numbers divided by ten will give 

the revolutions per minute of the anemometer cups. This 

number is then inserted into the equation, and the average 

wind speed is calculated. 
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A longer measuring period would give a more represen

tative figure for the average wind speed, but it was felt 

that a ten minute period was adequate for this project. 
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Appendix E 

Estimated cost for a 8 ft. by 10 ft. building 
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