
7--i 7. 

TECHNICAL DIGEST SERVICE 

SPECIAL FEATURE 

WIND-DRIVEN DEVICES FOR PUMPING WATER 

AND GENERATING ELECTRIC POWER 

Prepared through the facilities of the
 
Office of Technical Services
 

U.S. 	DEPARTMENT OF COMMERCE
 
Washington 25, D. C.
 

For the 

Publications and Technical Services Branch
 
Communications Resources Division
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 

W-NDKIT I,LS 

621.45 Holman (John F.) and Co. NTIS 
H747 Wind-Driven Devices for Pumping Water and 

Generating Electric Power. n.d. 
49 p. 
Prepared for A.I.D. through the facilities 

of the Dept. of Commerce. Office of Technical
 
Services.
 

1. Windmills. 2. Electric power production. 3. W'ind power. I. Title. II. Technical Digest Service -
Special Features.
 



WIND-DRIVEN DEVICES FOR PUMPING WATER
 

AND GENERATING ELECTRIC POWER
 

FOREWORD
 

This report is one of a series of reports that is published under the Special 
Features section of the Technical Digest Service. 

The material in this report, which was prepared by John F. Holman and Co., 
Inc., covers the machinery and techniques that are used in pumping water and 
generating electricity by windpower. 

Mention of the name of any firm, product, or process herein is not to be con
sidered a recommendation or an endorsement by the Agency for International De
velopment or the U.S. Department of Commerce. 

For further information and assistance, contact should be made with the local 
Productivity Center, Industrial Institute, Servicio, or the U.S. AID Mission. 
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INTRODUCTION 

The purpose of this publication is to provide basic information on windpower 
dovices for pumping water and gcnc- ting eluctricity. It is primarily for the benefit 
of isolated communities or single establishments which have little immediate pros

pect of connection to main power networks or which are located where combustion 
engine power is uneconomical. Windmills are economically feasible under the 

following conditions: 

1. The use of wind-driven pumps is economical at any site where there is a 

reasonably good wind regime and where alternative methods of producing power 
are notably expensive. 

Study of the wind regime at the proposed site is an important factor in assessing 

the economy of windpower. The study must be based on measured wind speeds at 

the site and full consideration should be given to the influence of topography on the 

average windspeed.
 

2. Wind-electric machines are economically justifiable under the same con

ditions. Small units for isolated premises have been satisfactory. Medium-sized 

plants for isolated communities are now commercially available. Capital costs, 

wind data for the site, and the cost of alternative means of power production are 

necessary economic data. 

Although the windmill has a long history of supplying power to mankind, at 

present windmills are primarily useful to isolated communities or single establish
ments where there is little in-mediate prospect of connection to main power sources. 

For that reason, this book presents relatively simplified techniques for analyzing 

wind regimes under a variety of condiLions and for judging those soil and topo

graphical conditions which are significant in choosing windmill sites. Detailed 
plans are presented in Chapter 6 for the construction of two simple windmills, 
adaptable for pumping or electric power generating, which can be constructed on 

the site with a basic minimum of tools and parts. While by no means exhaustive, 
the intent of the book is to meet a need for a practical guide to the use of windpower 
in areas where more sophisticated sources of power are limited or unavailable. 
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I. A HISTORY OF WINDMILLS 

Windmills and watermills, at first very simply built and later developed into 
more complicated and efficient machines, werc installcd wherever the wind was 
sufficiently strong, or flowing water was available. Obviously, the choice of sites 
for windmills was not so restricted as those for watermnills which had to be built 
on the banks of streams. This comparative freedom in choosing the locations of 
windmills is an advantage over watermills and counterbalances, in some small 
degree, the disadvantagc of their relatively large size lor a given power capacity. 
Windmills, or wind-driven machines, fall into two categories: those with a vertical
axis rotor and those with a horizontal-axis rotor. The rotor is the essential part 
of the windmill-that part of the machine which is driven round by the wind, trans
mitting useful power from the shaft of the rotor to a corn grinding mill, a water 
pump, an electric generator or some other type of machine. 

The earliest windmills known are those used by the Persians for grinding corn. 
They had ,, vertical axis carrying se\eril large sails and were enclosed within a 
circular wall with openings to admit winds from different directions. A machine of 
this type must have some arrangement whereby the wind is allowed to press on the 
sails on one side of the vertical axis, while those on the other side, which move 
against the wind, must be screened from this pressure. Dutch windmills are an ex
ample of those using the horizontal axis. They were probably introduced in Europe 
in the 12th century. This type was developed until it became a very effective power 
unit arid, although there may be exceptional circumstances which favor the construe
tion of a machine with a vertical axis, future machines for all purposes are likely 
to have horizontal shafts. 

Though vertical-axis windmills have the advantage of being able to accept wind 
from any direction, while those with a horizontal axis must be turned into the wind, 
they have the disadvantage of low rotational speed and low efficiency. The word 
"efficiency" is used here to express the fraction of the available power in the wind 
that is extracted by the windmill. 

The windmills developed in European countries had horizontal shafts carrying 
four or more sails on a wooden framework, constituting the rotor. The sails were 
of canvas or some other stfong cloth, which could be furled or spread according to 
the strength of iA wind. Later they took the form of wooden slats hinged so that, 
in very strong winds, the slats could open to allow the wind to pass through the sail. 

The sails had to be turned into the wind and this was done either by mounting 
the whole windmill on a urntable or by using a rotatable head at the top of a sta
tionary tower. The latest form of the latter is that developed in Denmark following 
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a machinethe work of Professor P. La Cour at th Stat \Vindmill Station at Askov; 

made by the Danish firm of Lykkcgaard is illustrative of the modern tower wind

gcars the rotor drives a shaft passing vertically down themill. Through bevel 

tower at the foot of which is located the machine to be driven by thelattice-steel 
from the shaft to drivingwindmill. Another set of bevel gears converts the power 

machine which is usually an electric gener ate: ;,u;power for a horizontal-axis 

ing power for farm purposes. 

During World War II, in Copenlh-en, a wind-driven machine for electricity, )ro

duction was developed that had propeller-type rotors with either two or three wooden 

blades driving direct current generators, through gearing, at the top of the tower. 

These machines varied in capacity f-or 50 to 70 kilowatts and had rotors of 18 to 24 

Some of these windj)ower plants are still running successfully inmeters diameter. 


connection with local elc:ctrical networks.
 

available with propeller-type rotorsSeveral small wind-electric plants are now 

running at high speed and driving electric generators. 'e generator usually pro

duces direct current and charges an electric battery which stores enough energy to 

provide a supply during calm weather. An example of an American machine is shown 

in Figure 1. 

Modern Windmills 

Two varieties of windmills are predominant today: the American or "turbine 

type" with a slow running multi-bladed wheel and the high-speed propeller type. The 

and the latter to generate electricity.former is commonly used to pump water 

The American windmill has a number of galvanized sheet-steel sails, slightly 

18 orcurved to give a good aerodynamic shape. There are usually eight to perhaps 

20 of these. They are carefully Balanced and are carried on rings attached to ten

sioned wheel arms, the whole wheel being mounted on a shaft which runs in either 

ball bearings or babbit bearings, automatically oiled. The wheel diameter ranges 

from 6 feet to 18 or 20 feet. 

of an eccentric cam)The American mill can be either direct stroke (by means 

gear ratio varies from 2. 33 : 1 to about 4 : 1. The windmillor back geared. The 

head is mounted on a turntable, usually running on ball bearings, so that the wheel 

can be turned into the wind easily by a shaped, galvanized sheet-steel tail vane. 

at the base of the tower so that the wheel can be turnedThere is a windlass fitted 


out of the wind manually if necussary; e.g., at times of exceptio ,ally strong winds.
 

The wind shaft is offset slightly from the center of the tower so that, in strong 

winds, it turns towards the tail vane-which is fitted with a control spring-and thus 

This "wind spilling" automatically controlspresents a smaller surface to tho wind. 

the power output as the wind speed increases, but, because of the high inertia of 

t,?e diameter for which this method is practicable is limited tomulti-bladed rotors, 
also a brake to bring the machine to rest and to hold it stationary.about 24 feet. There is 
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This windpowered battery charging 
generator furnishes charging current -

in wind velocities up to 40 mph. At 
7 mph wincdspccd, it wvill start to 
charge a 12v battery and at 40 maph it 
wvill charge a 12':r battery at its max. Ie 

The generator starts tilting the 

propeller out of the wined at velocities 
above 40 mph. This is done by pivot--K .--
ing the generator assembly below the k 
axis of the geonerator and propeller.Il 
A hydraulic device between the gen- ' 
erator -issembly and the center post 
upright controls tilting. The hydraulic 
cylinder provides rapid tilting out of 
the wind ancla slow return. This pre
vents slamming the generator back 
to the horizontal )osition when the 
wind suddenly stop-;. The assembly 
has been operated in high winds with 
gusts up to 75 lots. 

The system consists of a perma
nent magnet generator and a solid 
state type rectifier. The generator 
provides 3-phase power "o the silicon 
diodes mounted in the end bell. This , , 
changes the AC of the generator to. . , -- -' " 
DC for charging t.he battery. The / / 
silicon diodes block any reverse ' /:< "' - ., 
current that would flow back into the ..
generator from the battery when the , ., . 

.wind is not blowing. No reverse cur- -.. , . 
rent relay is required. 

Typical installation illustrating the use 
of a windpowered generator to provide 
operating currenL for an aircraft signal LGHT 

light in isolated areas. 

I1. ~I/ VOL r 
a Ir TTRS BA//K NSSTORFLASHER 

L I/I 

WIND 
P /U Gi/ZRA TOR 

3 PH1SC 
SILICOl 3O C 

RECTIFIER 

Figu. o 1. Windpowered Generator 
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The American windmill is consideredt :aslow-runnin'- machine bccausC of the low 

ratio between tip speed and wincspced (sometimc's called the U/V rtatio) which ranges 

Dutch mili, with large Sweeps, is of mecdiu,',between 1. 1 and 2. The old-fashioned 

speed, with a U/V ratio of from 2 to ;. In totavl efficiency it ranks lower, extracting 

only 5 to 10 percent of the potential wind cncr,y compared to 15 to 30 percent for the 

American mill. 

The propeller type windcmill has been developed only within the last 50 years. 
o1 aOr propel-It may have two, three or four blades, modeled alu01 the lnCe 1 p1 InI 

lr. The ratio of tip speed to windspcd rangcs betwecn 3 and 6 and the efficiency 

I is designc-d mainly for generating electricity in isolatedbetween 35 and 40 percent. 
.tage from this 

areas with strong, constant winds. If L.,user is Lo realize any ad-, 

the acrofoil section must exactly follow a true streamline shape.type of windmill, 


Mills of this typo are very difficult to Construct in a home shop.
 

has 	several advantages over the multi-bl:ided type.The propeller type windnill 

and tear is less; it is much quieter in operation, tile wheelIt is lighter; the wear 

running with very little noise; and governing is usually much smoother. Little physi

required to pull it out of operation when necessary. In very strong winds,cal effort 
urn"d edgew:se as tLhe'lr sic increases, thus decreasing thethe blades can be 

danger thI;t.' ....,strain on the rotor. W I,, -d wheel, there is 

iemay 	strike a practicailly so.k,. area and wi-eck machine. 

Tile major dsadvantage of the propeller type wheel is that it has a lower start

ing torque than ".10 muiti-bladed type. For. running*a piston pump, where the wheel 

a dead load, the turbine' type wheel is preferable. It ihas beenmust start against 

suOestecd thalt high speed windmill could be used t,,drive rotary pulnps which de

mand only a small torcue at starting, but very few machines of this type have been 

driving piston pumps,constructed. Most authorities agree that low speed windmills, 
In more windy regions theshould be used for general purpose, low power outputs. 


greater initial cost of a high speed propeller type driving a rotary or centrifugal
 

pump may well be wortnwhile.
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II. THE NATURE OF WVINDPOWER 

Movement and Direction of Wind 

Natural winds are novements of air resulting"from differences in atmospheric 
pressure which, in turn, arc tle result ofdi;'ences in temperature causing corre
sponding variations in air density. The air flows from an area of high pres:;sure to 
one of lower pressure and the windspeed depends upon the magnitude of this pressure 
difference. The actual velocity of the wind, in magnitude and direction, co n;es from 
a combination of the pressure-induCed snued and that Clue to rotation of the earth's 
surface which carries air, ad.LciI. to thu surf'ice, around with it. This surface 
speed varies from about 1, 000 miles per hour at the Equator to zero at the poles 
and, therefore, its influence on the resultant ,vind velocity depends greatly on the 
latitude. 

By far the most important characteristic of the wind is its variability in speed. 

At any specified point on the earth's surface, the wind, at a given instant of time, 
can have a speed ranging from zero to as much. as 125 miles per hour (56 n/sec) or 
more. Even the windiest places have calm spxlis while the least windy are occa
sionally subjected to storms which i, Mh winds. One cannot, therefore, rely 
absolutely on power from the wilnd at a ,v7n -1oment however windy the chosen site 
may be and, on the other hand, one c: i o safeiy reduce the mechanical strength of 
a windmill, destined for a relatively ch area, to any great degree. Nevertheless, 

the probability of there being poweIr a%,i ble at a particular time is much greater 
at the windy situ, as is the1probability that a machine erected there will have to 
withstand severe mechanical stresses fairly frequently. 

Although both thc speed and direction of the wind at any given place vary greatly, 

the diree ion, at least, is not entirely random. For average conditions, two belts of 
high pressure continuously circle the earth, one betwecl 30 and 400 north ani, the 
other between 30 and 400 south. Between t>.;m in the equatorial zone there is a low 

pressure belt. The high pressure belts produce persistent winds from the north in 
the northern hemisphere and persistent winds from the south in the southern hemi
sphere. Thu effect of the earth's high surface velocity in the tropical zoncs is to 
convert these persistent winds into northeasterly winds, north of the Equator, and 
into southeasterly winds, south of the Equator. Associated with this system are 
persistent westerly winds, in the belts 40 to 600 latitude i both hemispheres. 

The meteorological services all over the world make conil..a,; m: .. ements 
of atmosplieric pressure and these data provide the basis for the co,:.,ruction of 
isobar;; for any ;,,...icular time. These isobars i.re lines .,olnin;pits ahaving the 
same atmospheric pr'essure at sea level and are corrected for temperature and 
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latitude. From the isobars the gradient wind, i.e., the windspeed due to pressure 
differences, can be calculated, but because of frictional and local temperature 
effects this calculted speed is not, i gencral, actually attained below an altitude 
of about 1,500 feet. 

Power Production by Wind 

When considering power production by wind, we are not interested in the winds 

at high altitude, but in those of up to one or two hundred feet abnOve ground level. 

These surface winds are g-reatly affected by the topography of the area in which the 

windmill is to be located and by loctil obstructions in the form of rocks, treds, 

buildings, etc. These factors contribute toe 'e tremendous variability of wind. 

In a natural wind the speed is nver strieLAj constant; even on a scale of seconds 

it varies continuously, though the Variat.ions may not be large enough to be trouble

some for a windpower plant. The conept of ,, steady windspeed i6 true only within 

certain limits. Much depends upon the instrument used to measure the wind; if it is 

slow in response its indications may appear quite steady, although a quick response 

instrument would have shown rapid va-riations in speecd. The maiitude of these 

variations, as well as their freuIency, would def end on the g-ustiness of wind at 

the time of measurement. Under stable weath.e:' conditions and at a site free from 

any obstructions near enough to inter"fcre wit"' the windflow, the speed fluctuations 

are usually of low frequency anrd sn ,al in nma.,nitude. 

The rapid varlations in windse d reierredto above .re more likely to be impor

tant from the point of view of the mechanical design of a windmill than in t..,ir influ

ence upon the power output. The mean vindspced-on which these rapid fluctuations 
are super-imposed-does not usually change quickly. Although it is certainly possible 

for this mean speed to rise or fall by 50 percent within a few minutes, the more gen

eral experience is that -y mean wvindspeeds can be used with some confidence in 
assessing power potentialities. 

In many tropical tnid sub-tropical areas, diurnal variations in hourly windspeed 

are clearly marked; during a stated season of the year it is often ,ossible to p)1edict 

the daily speed of the wind with some degree of certainty. Thus, for example, in a 
coastal area the \vindspeed may be almost zero throughout tie night, beginning to 

rise as dayliglt comes and increasing to maximum value soon after midday with a 

subsequent fall to zero in the early evening. In the temperate zone, however, 

especially in those areas lying in the tracks of storms, diurnal variations are usually 
marked by storm disturbances and no predictions of daily windspeed are of much 

value. In certain special geographical conditions the diurnal variations in windspeed 

are very small. Thus, for example, on the island of St. Helena, which ias no land 

mass sufficient in size to cause daily temperature variations, the yearly mean wind
speed varies from 18 t, 21 miles per hour, regardless of day or night. 

In wind surveys and in the consequent estimation of energy obtainable from the 

wind at a given site, w,; are interested mainly in hourly avers-i,_ windspeeds, but, 
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for somc purposes, the -,..'ucture of the ',inlo is of interest. By the term "structure" 
we mean the detailed behavior of the wiu:, including its rapid changcs in speed and 
direction both horizontally and with height above ground. 

Fluid flow, which includes .7: or turbulent. In lIaminarian:innar 0iril 

flow, the air nay ht con.si(deured as " 0 1-, ramilines without any whirling
a 
motion and \ViUI an nX4 01 its lave:'s v',.: ,::in turbulent flow, mixing of the 
air in the layers takes tlace dCue to a1wrii; [ ): ,nor Uddies super imposed on the 

main flow. In U,_eneral, natural Winds n Iu'1,, a'. turbulCnt; although, when the 
wind flows Over a hill with aLgood aeoIO d , -somtnhing approaching lamirar 
flow mnay he assumled in calculations o!n :as Zc(:cll.ration. 

The eddies arc more or less ei'u:t:lar ::sturxiinces which travel with the wind 
and which, according. to direction 1'eltive to that of the r\lain strean-,, createCirh" 
g-usts and lulls. The axes of these eddiies are oriented in all directions so that, in 
a gLsty wind, rapid changes of both speed and dci:cction of the wind at any given 
point may occur. 

For miany years, meteorologists ha,ve taken a considerable interest in the rela
tion between windspced and height above the -round. The underlying facts are that, 
while the wind at g-reat heig-hts (sever.l thou:and feet or m11or1e) takes up a1speed 
dependent mainly on atniosphe'iC dffcrencCs, nea: tl.e gvuand isCi'essur wind 

impeded by frictional drag caused by JhC grClound surface. We have, therefore, fast 
moving tipper air sliding' over slover-m1oving air. The influence of one layer on 
the speed of another depends on the degree to \which there is an intermixing of the 
air in layers. 

Weather conditions vary so much, from !iL',ec to place and from time to time, 
that it is impossible to statc any lav for the vertical wind gradient which can be 
accepted as precise uncler any specified conditions. Nevertheless, a statistical law 
for the avera:ge \vindspecd over level g-round ha::been formulated as the result of 
the work of many investigators. This is that the average windspeed VII, at height 
h, is proportional to the height raised to some power a which is of the order of 
0. 17 but which, unfortunately, itself varies according to the time of the day, the 
climatic conditions, the actual values of the windspeed and other factors If, how
ever, we accept this law we find that over level country, the ratio of the average 

0. 17 
1500

windspeecd at 150 feet (45 meiers) to that at 50 feet (15 meters), is 500. 17 = 1.2. 

The speed inc.'eases by 20 .. elrcent as we ascend from 50 feet to 150 feet; this is 
useful information if we a considering the question of the height of the tower for 
a windmill. Assuming that the tower isto be at least 50 feet high, is it worthwhile 
to build it high"er to obtain the benefit of increased windspeed? To answer this 
question we neCed to know the -. nual wind regime at the site, the pu .'o"the 
windmill and, es;oecially, the variation in the cc st of the tower with addc: .t 
a knowledge of ti vertlual wind gradient is certainly a basic recuiren-c,;, ior any 
such calculations. 
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It should be noted that at coastal sites the effect of altitude is reduced so that 

when a site is almost surrounded by the sea-as it wvill be on a pro ,,ontory-the ratio 

of windspeeds at different heights must be multiplied by a correction factor which is 

fractional (e.., 0.7). 

The lmvx':Jv1n above does not apL)to windspecds over hilltops. The effect of 

certain shapc.s of hil!. 'aLsosccc-0io".Lon of the windspeed it low heights over 

the sumnmit bocause oi' a comprezsionf the lower stream of air by that abox'e 

(Figures 2 and ,). This effect di sa:' hi'ht above ground which depends 

upon the actual rlative dimensions of tL: hil>. irom such ex::iu'ience as exists on 

this question, it ajppears that it will usualy L euite si4nificant ip to a :.:ght of one 

or twxxo hundred su:..it. IIcr'eased at the levels near the 

ground reduces the vertical wind gvxdient; i.e., there is less advantage to be gained 

by building higher towers on a hilton. 

o an 

To indicate 1.,. order of this reduction, on a hilltop, the ratio V150/V50 will 

probably be about 1. 1 instuad of 1. 2 as caleullc for level ground. 

It is important to consider the gustiness oi wind and the effects upon the stresses 

set up in the i)lades of a xindmill. There is evidenee that the diameter of some gusts 

maty be less than tlht of" te circle ox,, by L11'La:- aiues of the windmill rotor. Thus, 

the blades may be subject to heavy ,s.ehan;s 15 feet perC in speed of up to 

second, or exen more, cn occur 11 ,s short a ie as . 04 second. \herever such 

gusts are enc,-unterc'. , the hlades wiii:hve to !he h'avily reinforced. In the windy 

areas of Scotland, fo: example, gusts of 130 miles per hour occur once or twice a 

year in non-fiuruiconditions. 

Wind Data for Pumlping Water and Genera:ting Electricity 

Basically the same kind of wind data is needed for both these purposes. A com

plete record of hourly average windspecdis will afford all the information, but the 

analysis following the collection will differ slightly. In water pumping, there must 

be provision for storage of the water which means, in effect, storage of energy be

cause pumpod water represents the expenditure of energy. In the generation of 

electricity, energy storage, except on a small scale for purposes of high priority, 

is much more expensive than water storage. 

Wind-procidaced electricity can be used fc.: nany purposes at random times as 

and when it happens to become available. If there is no wind for some days, these 

purposes cannot be served; the work must wait until the wind returns. 

Wh,9en water pumping is the sole object of the windmill, provision must be made 

for a supply of wu t' continuou6ly, either dirctl iromn thi \Vind-drivcn pump or 

from the reservoir"which it has filled. The winmnill output throughlout the year 

must, therefore, ,eastudied closely with special reference to demands on the reser

voir on a day-to-day basis. 
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Figure 3. Air Flow Over Hill \Vith Flattened Top 
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When wincdpower is to be used cijectA', withot storage, it is important to know 

at what hours during the day ther.'will be enot..,n' wind for purposes which could be 

fulfilled dturing those hours. For examc it %,wouldbe a disadvantage if the wind 

blow mainly at night during' the season of the ,c'ar whn power could be used for the 

power at night would be useful for ii,,ghtingthreshing of grain. On the other hand, 

and hcating. 

Wind is, of course, a free and inexhaustible source of energy but its ccunomy 

and practical potentialities depend upon, the cost of harncssing- it. To gain an im

pression of the problem involved, \Ce,-na consihcxr the wind as a horizon'., . strearn 

of air moving' at a speed which is. im fact, continually varying in both man itude and 

direction but which remains stecl: eneuh, o\' " significa',t periods Ce'time, for it 

to exert a ubatble pressuCe on oh.v olaccd in its path. This p:.. .ss', is pro

portional to the square of the wvind i ower in the windstream is pro
fo tthis power P, is P = k.A.V 3 

portional to the cube of this seLec. 


where A is .ro..-sectiol. im exposed
the .... to the 1,'ndes and V 

is the wiodspeeo. T. '..tor1 i-5 '. vlue\' of which depends upon the 

density of the air 'nd on the units used lP the...:esurement )f P, A and V. If P is 

expressed in horseower, A in sqau ii . i0t :t'. V lil miles per hour, k has the value 

0. 0000071. Oth,er values for _,is coitsttnt, v. iferent units for P, A 1-.-d V, are 

given in Table 1. 

Table 1. Values oi eoefieen; , for Cifferent systems of units 

Unit of power Unit of area Unit of velocity V_________________________________ ____________________ Value of Ic
P A V 

Kilowatts Square feet Miles per hour 0. 00QC65;' 

Kilowatts Square feet Knots 0. 0000081 

Horsepower Square feet Miles per hour 0. 6000071 

Watts Square feet Feet per second 0.00168 

Kilowatts Sq ' tae meters Meters per second 0. 00,,4 

Kilowatts Square meters Kilometers per hour 0. 00 0137 
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III. WVINDM'ILL SITES 

hpotant fatctor invoived in ge'neratin 
is the selection of a "o0d 6ite. It shoel:l hte Ixruc: in mind that because winldpowor 

incrcases as the cubc of the inindspec, in average windspeed o',"even 

Probably the mo;-t i. p-wer from the wind 

aninc :-c 
one mile an houL, when the a\'erag e s.lO." '.... l 10 miles an hour, niay mean 
an increase of 20 ie'cer!,a in the :L%'v-Ce noVct to be obtained from a windmilil so that 

it is vitally important thnt the most favorabic sites should be found. 

Choosint th windiest site in a small area is a simple .atter-the higher the 

better is a ood rule Qi thumb. Hlow cr, in rough terrain, hills with stc , sides 

and sharply point, u tops should be caref..lly .xamincd since they are often sources 

of "dead spots',d ci hJes. 

If \vindlp'-wer p,. ibilities o1"i -n -rea of considerable size-perhaps several 
hundred square mijes--are to be studied, the "irst step is to obtain infornmation on 

winCIspeeds and prevailingNwind dir'ections fro:, such meteorological station.-- -.s 
already exist. Long term recorCds Will give Ceiable guidance as to which are the 

windiest districts and on t,_a choice of s1i 1rom the point of view of exposure to pre

vailing winds. 

The next step in the survu-, is a study of the topography of these windiest dis

tr'icts. AS statud pe'viously, windspeed incrwases vith altitude so that hih -round
if such exists "n the arCa-should be sought. -Moreover, some hills are better than 

others. The t:' e to look for should have fairly steep but smooth slopes and a broad, 

level crown. \' ,.an the wind blows over this kind of hill, its speed over the summit 

is acCCler'-lt,:d due to compression of the strean-,lines by the upper layers of air; i.e., 
the Venturi eftect. 

Thus the ideal hill would be of approximatelv conical shape, though with a 
smoothly rounded top, so that winds from all directions would be similarly acceler

ated. It would an Isolated hill, lying in a coastal plain with no othcc high -'round 

within perhaps two or three miles. Windsnceds are higher near a co.lst than inland 

because of -round friction. It has been suigoested that a ridge lying athwarxt the pre
vailing wind will give the best results, tioughthsbut, may be true if the wind 
direction re mains -" :iaji ge pr'art of the year, it is found that, for variablecon-stnt " 

wind directions, the ga-in when the wind blows directly across the,ridge is offset by 
the loss when it blows in other directions. 

After se1cctin; .... ::es at which the measuremcnts arc to b0, made, the next 

step is to Z,, uL) tWe ..cast'ing installation. It might be supposec. that elaborate 
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equipment giving a contina.(- 2&L'u 0 viinl.. -' :nd direction shculd 1, installed, 

but this is not neccssa .y. :. i, honrly a\'u g-., wh, 2 ; .OS are eCeded, ,. 

can be measured it., n cu-CountCV :ine.oa . instrument h1as n.STi. -U6 Mounted 

on the ends of ekes ,i:ttin out aXiS. Thee'tiCaiInh cups arc desi ,.d to 

rotate exactv: at \VilO.lcd. The an-,n), te has a cyclometer type of indicator, 

and the difference mctweentwvo .uiis the miles (or kilometers) of w Aaiiy ,ves 

which have passed during the t,.,:'.': b.toveen them. The average \vindspeed, 

over this time is then calcu " by cviding the wind movement by the time. 

If this time interval ik > honu ',.N run-&.-,vincd in the period between succes

sive readings is numericivhLn :. :a twhue MAily average wvindspeed. This fac 

leads naturally to a varL:2-; of the SK -.Pl cnu-counter anemometer; namely, the 

electric cup-contact anen~ometer. In this innan:unnt through g.Iearing, the rotating 

system of cups driveo a device whidi in an elcCtric 1 i'cuit makes a c, ct once for 

some selected value of \ind run, e. ,. for a run of t\vo miles of wind. If the circuit 

includes a coIl-ot)Cratud Ioi1n, or ma a vhichAMmakes a miark on a recorder chart 

at each contact, it is possible to tAke a recoiro of the run of wind per hour, ;e chart 

running at a con'tnt speed and receivin. also a :atirk at the end of each hour. 

2 cpe .by 

distance for each coh'act prodluecK >,' a :Coctcr. A time switch is used to 

operate a pen or marker so that - dot in -ade on the tape at hourly intervals. The 

distance between successive clots reeres -nts hc run-of-wind. This type of instru

ment is designed particularly for econon.y a, io' simplicity of operation. 

In another type of recorder a na:ry pa: is mjoved'j forarLd a short 

The best procedure Ls, therefo'.., to insn:.. on the summits of the hills or, if 

there are no hills, at well-exposed sicc, an .oneters of the cup-contact ty pe with 

some form of recorder giving informatio: from wich the hourly average windspeed 

can be obtained easily. The process of changing the recorder chart at intervals 

about a week should be simple so '--t it can 1bcdone by unskillec. labor. 

The anemometer itself should preferably be mounted on a uole. A helght of 

10 meters (32 feet, S inches) is suggCsted because it is the standard use,. by the 

meteorological services nd it is sometimes desirable to use the same height so 

that wind recocds can be compared without the use of corrections. However the 

terrain should be studied closely because, in the case of very sharp rises and dips, 

10 meters is often inaequate to tap the strongest wind currents. 

A cup-counter a't.mo ete r when read at lengthy intervals, e.g. weekly, does 

not give hourly \vlnccspeeds; it only integrates run-of-wind from wi-:ch an annual 

average windspeed can L.e obtained eventually. Nevertheless, if the weekly read

ings are plotted on a graph, it is possible to distinguish very easily the relative 

windiness of a number of sites. Indeed, sites can be placed in order of windiness 

after an observation period of a few months. 

The W,,.H MeLm _ical Orani:ion has networks of observation stations 

where wind ei.uc',,.ents are made with thosc of rainfall, so"ar radiation, and 
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other climatic factors. It has formulated internationally accepta.:e methods of meas
uring the wind. 

Two difficulties arise from acceptirn,, for vlndpowcr purposes, windspeed values 
from mcteorole.ical observation station. T.c sites of the -staLio,s are seldom 
chosen with re"ar(d to any ospecially hi, 'e,of windiness bec ,sc-- thc climatic 
data ohtaiae-cd are to be taken as avr Io, tOnwarea surro;aa. LhC Vtaton rather 
than as cxtrUr,>2\v/ihes. '.hio s.'c, :,. I. i i.s f1om11, 1110 i',t;'thoda ofs 
icasuroe l: U5CC. The i..oz ct... ht, on \vinds2(s and diicCLions,'..un is 
gainud fro;" :cordiq. aacmon-t- .ie o"which is the Dines an,..eowcter. 
Anemomoters give .... alut", -c. , "-.. U .ireetlO 

charts vo'" l... an hOU:'lvn:.>;m. a- 0a the,, of \ LISi!s
 
on the directi, .romn v'h ish the v"._ C ,.. .' meats of thi's 1'p . cnsive 

to jU1'C,-aS0 ' . t a.nd Li1.". ,, ........ 1 am 
not used un\ r6v ' I" , - .. . minor .oiaiarv ttion .o0t 
which there :Lro i1brS . " c v'orUai, including.o' vtcre 
inform ,n !3- . ded on the UidecO, p:articular mo,,...;t..',., tan.; on a long 

term. 

Frequently anemometers :,V ins.... W..c: theyeC,; windspC,-dS are Useh: 
are indicati:,g itr . _ , ,.. r eord rs, :a.. their'readings are I'l- .. :' :'erta n 
specified times in t0.. Lay. ' .;,"'.dsipcod vn.nus thus measured are c *'..inlyuse
ful as a general guide !Itdo not form an accur,.j basis for a st.tement ,..ouriy 

speeds.
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IV. PUMPING WATER 

General Considerations 

The direct pumping oi w.Ater 1 a V)..- iiis subject tooy a number of limitations. 
Unlike the wind-electric plant, the wind - 1,',th"kkrs ,.o oUieortunity to varyuser 

the loading conditions h-c 1 it it is
signiticantly; 'CsiCCeee-:as and make the best use
 
of it. Further, mo;n. installaLion-the : iston pumpwhen using the comm, fo rm of 
therc is little choice Of Site with L wind m.C because it must be instLiled vertically 
above the water to be pumped .. :ni .. the location may not be especially windy. 
Other limitations are ava of ater at a depth shallow enough to be reachedthe kilivW 


by the pump and the ru:servoir c ')acit'y.
 

Thus the devising ok a =:o, plan for witc pnn;pin'g is not a simple u:.necring 
operation ht.n demnnands o" lane conditionsofxvwudge oi,,gmai' and geomorphological 

of the area concern.ed. eMor lar,C . 1k;s are undertaken, as distinct from an
 

near xnon
individual pump some \v::i>, experts skilled in geology and ground water 
hydroIogy sh-ould be consulied. 

The water table in any g'n A s ua c which can be reached ,.;ore 
easily in the valleys than on th. .' i ' ':ta. The actual depth of this taMe, 
the -. itours of which .o "oL •. 's , .ith those on the groun,i surface 
abo~ve it, cc)eends o- ma, - , ,, : d -eogrraphical, and on the dis
tance of the area from aqn'nnF, 0oc ,' \.A,& such as a lake or a -i,,ce. A wall, 
driven into the under round lair o! wa. 1).!. found to have limited cnpacity 

because of t, rate at which ew v.nw ,MS. in ke the place of t>. ,ich is 
withdrawn by pump. Th rate depends u)on iine noaure of the subsoil adjacent to the 
well. Sometimes horizontal tunnels are, Q\ca underground to lead water into a well 
and so increase the rate of inflow. It is importanr to cnsider the amount of flow 
since it would -eunCconolcal to use a punp of grteater capacity than the potential 

inflow. 

Another problem is the salinity of underground water. Especially in coastal 
areas, undc'erground stream., ,r l)I'a_ s of brackish water often lie at no great distance 

onom those of sweet water. 1. :necessary to make sure that the water to be pumped 
has a sufficiently low salt cc; .... for it to be used for animal consumption or 

irrigation. 

Men and animals can usually tolcrate more salt in their drinking water than is 
permissible for the .'riation of crops. It is not e..sy to give dl'inite figures for 
drinldng wateur bci,. .. Pople and animals in dry areas, wi;,, beco-,,e accustomed 
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to drinking saline water, sometimes use watr with a salt content o. - 000 or more 
parts per million, although 1, 010 parts .ljagconsiU, .Cithe desirable limit. 

For irrdgnation, the . ec of s:.iniy T- c toler d depends, to a con
siderable extenLt, .uon the ' [al ill tc . ;Llt acumulutes Ii; the top fcV 

inches of the soil, especially ifda is ... V can be leached .ut only ii"there 

is suffricicnt rainfAll (0. . :L:., Of S\% uate..-'Iv, sweet water) wit., ade 
drainage. ". nw;.a.a, tL:qtue;tioff.:i sa isa complex one and v:,cialists 

should o consu:'d '.. .o mics a o.j,cni, cw Acially since diiferent crops vary 
widely in their snlt . :0Cc.. ('ltlc "j 

T:.. -. [",,5 of \v8 e02: o :' salt contents 

Proportion0 of .icl os 
expressed 	 Suitability for irrigation 
grams ier iitcr in the 

ir i'iga Ik water 

less thWn 0. 5 	 suita ie -,: all irrigation 

0.5 to 1.0 	 s . o r ost irri0ation 

1.0 to 1.5 	 sc.;. .; !oride content, usable for most 

, on 
so~h:( e~c evarieties 

1irr ito? ,.. precautions needed for a.ue 

1.5 to 2. 0 definite chloridce bas but usable for irrigation 
except for sowings of delicate varieties 

2. 	0 to 2. 5 hic;h chlorice content but usable with suitable 

precautions 

2.5 to 3. 0 high chloride content i.,. still usable for 

certain ci'. 

3 to 4 	 \ - i ChlOr.-. content, practiciIly
 
unus-i ... irri ation
 

above 4 	 ... xt:jt• .-. i'ely unsuitable for irrigatio:. 

In areas with mixed unde.y. . . .. .. et \vator may over-lie brackish 
water in- Lhc well so tht, af'tu. . c..... .i.L of pumping, t..; ouLp: .;Ccomes too 
b'ackish for use and the pump musm w -. uM the well can refill with usable:1ppcLd t 
MtM. In this ;5itu1tion it 5 often ad\, ::. Ac to install several . ,un.,umps,each of 
relati'..:v small apaci.y and abOUt . ".n.cd yards apart, rather than to attempt to 

produce the same iuua-,LILy of water from one la,rge pu-,p. 
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-,'jThe Operation of Punmps 

______At this point, an explanation of the operation of pumps may be useful (Fitvse 4)
 

When a pu np is set in working' orclria~l tpheiric pres sure-ow1 ti 0 -


Water inside the pipe is exactly equal to the pressure on the water outside 's2 the
 

but as soon as the plunger is moved up-ald
pipe, so that the water remains at rest, 


the air in the pipe below the cylinder is pumped up, thus leaving

down in pumping, 

a partial vacuum and then the pressure of the air inside of tie pipe (below the cylin"
 

der) becomes less than the pressure on the outside, so that the atmosphoro pross

up into the suction pipe.
-ing on the water outside of the pipe forces the w Lter 

When air is removed from a suction pipe, water is forced up into the pipe to 

PIPE
pumped from thepipv, the water rises until it reaches ' DRY /2" 

i ---12"the cylinder; it then rises above the plunger and is 
,.lifted to the surface, independent of any atmospheric 


at sea level, 33. 95 E DY PPE
 
pressure. A column of,water,

presure.LEAKAGE VENT 
feet high, will exert the same -wessureper square
 

inch as the atmosphere, therefore the atmosphere
 
sustain a olunm 33.95 feet highin a perfect 

vacuum; however, 22 or 25 Leet is about the practical "RASS FORCE 
CYLINDER

limit. 

Types of Wells 

The kind of well to be sunk in a given locality de

ponds on soil conditions, topography and climate. A ' FORCE LEATHERS
 

discussion of the various types of wells in general use
 

CAST SUPPORTS FOR
follows. SRASS CYLINDER44 UT:" ~~~~AERO i 

ARROWS SHOWThe capacities in gallons given in Table 3 are for 


a single acting pump, making one complete stroke (or ':WATERrROUTE
 
1 1/4" DROP PIPE
revolution). 4, 

To obtain the amount of wa'-er discharged per min-
Figure 4. Force Pump,

ute, multiply the capacity per stroke by the number of. 
Detail -trok s per minute. 

The weight of water lifted is not determincd by the size of the pipe in the well, 
small,

but by the diameter of the cylinder. The size of the pipe, provided it is not too 
4.has little effect on the power required. For every foot the water is elevated, the 


. 434 pounds for every square inch of the area of the plunger of.the cyl-.
exact lift is 

inder. To allow for ordinary friction, one-half pound is usually estimated for every
 

.
:4.foot the water is elevated. By reforring to Table 3 the precise weight of water the 


mill iLlifting at every stroke can be readily determined, provided the di - tance from.
 

in tho well to the top of the tank and the size of the cylinder
the suri'faceoiof the water 

are known.
 

; :1 
....
......... . .. ..,,9 .. . .. 

' ' . , ," ' , ' ; . ,
 
44: -j . : ..i : ' .
 

b 4 ' '. ',>;. .4' 



Table 3i Capacity Of01117,'j cylinders 

3',- .. Lcngth of Ftr,c ithInches. with Cp;hacity) Are.i o
of . l t Str2 ki ill Galo:33 Cir.l.l a4'f
 

______7 ' I _"__( , ,__. .... 

.8 .020 17( ' 2.5 '| .5 1K 4 87 

,.12S .1:1 .3 2117, ,:3; | .. 11,X 5(3.; " " .. :' '5 

I I
 

. .138 2153 .2S7.; .4.312 l .5741 . ,2357 " " i ' 
4 .2171G 26.21 . t 1. 9 1666 21 01 

45 . I .,l,.7 I "" , )1 153.1 0 
,AA(8) .5111 1(1'Ix),62N1,"68) 1.50) 

.8 .1.1;1 P..,,;lI . I 28.27.105'. ..1l1,4 .(ii71 .1(..28, t.2;42 1.6,;5 2:1.7580 -)7 . (.1i .000 33 1. 5743 (71;5l; I1s 0 

1 .i8o0,120,l(11(3156i I.7.;s3.55 8" 2 .18111 71 .5,W1021 72:11 ! 2.6112 1 4,006 50.26501.2(-1 *10.A
1 1.5 .1 2,3176 r 1 .,.!5W 7I, 1:15 1:1.7080 

18 4,.,1(.1 6.(;( 8 N128 1. 2130 17 6100 251 .1700 

The above rule will not hold good, however, if any.. part of.the pipe between the 
cylinder and the tank is less than one-half the diameter of the cylinder. It is much 
S easier to raise water at therate of 25 feet per minute through 3-inch pipes than to 

raise it at the rate of 225 feet per minute through 1-inch pipes. These are the com
parative rates of speed with a 3-inch cylinder. In the first instance the pump simply 
lifts the weight of the water above, while in the other much additional power is wasted 
in forcing the water against the cylinder cap until an outlet can be made through the ." 
small pipe. -

Drilled Wells. Wells are drilled where the source of water is beneath strzta-of 
hard rock. Few people, however, have either the equipment or the experience to 
enable them to do a satisfactory well-drilling job. It is generally recommended that 
construction be undertaken by professional drillers who are equipped and experienced. 

Fine sand may wash into the well or it may choke the screen and limit the yield. 
If sand washes into the well, it must be bailed or floated out. Solid carbon dioxide 
dropped into the well will cause violent bubbling and is sometimes effective in work- . 

ing'loosc any sand that is choking the screen. It may be necessary to remove the
 
screen if it is possible to do so. The infiltration of sand can'be materially reduced
 
by forming a layer of gravel around the screen. 

The yield of drilled wells is sometimes increased by shattering the rock or other 

solidified material with dynamite. This is called shooting or torpedoing and may . 

create opening to adjacent passageways carrying water. Because of the uncertain 
results and liability of damage to the well or loss of existing supply, it should be 
employed only as a last resort. 

Wells for an average farm are drilled two to eight inches in diameter, but the. 
trend is toward wells six inches or more in diameter. For a water-bearing .ive. 
stratum the yield is roughly proportional to the diameter. Drilled wells are pipe

cased through silt, sand, or any other loose material likely to cave in. If it is found 
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necessary to ca;.i through drift (loose material) located below hard rock, casing of 

a smaller size may be used. The top of the well, ther,-rorc, should be large, so that 

if it is found necessary to reduce this size, the bottom will not be too small. Gen
erally it is safest to case the well all the way to the water-bearing stratum. 

Jetted Wells. Where no rocks or Loulders are present, wells may be con

structed by the jetting method. Tihe three principal parts of the outfit are a well 
casing of the size desired, a small pipe fitted with a nozzle at one end and attached 

to a hose at the other, and a force pump. The work may frequently be done by.hand 
methods. 

A well may be jotted down to a depth of 20 feet in a few minutes by an experi

enced man with two or three helpcrs. \Vater forced down through the small pipe 
cuts the earth loose. The earth is floated to lhe surface around the casing until the 

water table is penetrated, after which it is floated up through the casing. Water may 

be delivered to the site in a truck and forced through the jet with a power pump. 
For sandy soils, 40 pounds of pressure is adequate. For tight clay soils and hard
pan, pressures up to 200 pounds or more may he required. 

The quantity of water needed is usully small. A well four inches in diameter 

and 18 to 20 feet deep can be jetted in sandy soil with 75 to 100 gallons of water. 

Clays and hardpan will need more. The nozzle should not project more than two 
inches beyond the lower end of th.. casing. 

The end of the casing may be notched to give it a sawlike effect for penetrating 

gravel and ordinarily a drive weight is required to force it down. The jet pipe, or 
inner tube, should be turned slowly, while drilling, to insure a straight hole. A 

wrench that wraps around the casing should be used to prevent crushing. 

The use of the casing as the suction-lift pipe of the pump is not recommended. 
The casing should be large enough to permit ihe use of a cylinder attached to the drop 
pipe of the pump. Where possible, the cylinder should always be submerged below 

the casing level. 

Driven Wells. Driven wells are common in areas where water-bearing material 

can be reached without encountering hard rock and where water is abundant. Soil 

through which a pipe can be driven, however, cannot always be expected to protect* 
ground water from surface contamination. 

A driven well consists of iron or steel pipe forced into a water-bearing bed. 

In the driven well's simplest form, two- to three-inch extra-strength wrought pipe 
is cut into convenient lengths, and fitted with a well point. Weli points consist of a 

forged steel point, a screen, and a short section of pipe threaded to fit a standard 
pipe coupling. The top of the drive pipe must have-a heavy cap or a steel drivehead 
to prevent battering the pipe when it is driven. All pipe joints should be coated with 

red lead or graphite and oil, and screwed together tightly with pipe wrenches; other
wise the threads may be stripped or the couplings split. 
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Bored Wells. Water is sometimes obtained quicdy and inexpensively by boring 
a well with an earth auger. The auger may be turned and lifted by hand or by me
chanical means such as the post hole attachments on a farm tractor. This method of 
boring is limited to small diameters, and even with mechanical power it is limited 
to shallow wells in relatively soft materials free from boulders. Wells up to 24 

inches in diameter may be bored with mechanical outfits. Bored wells are cased 
with standard well casing. 

Dug Wells. When shallow wells are dug, one or two men at the bottom loosen 
the earth and shovel it into buckets, while others at the top, lift buckets with a 
windlass. 

Curbs for dug wells may be of stone, brick, concrete block, poured concrete, 
vitrified tile, or corrugated pipe. Wood soon decays and should not be used. At 
least the upper 10 feet of masonry curbs should be laid in cement mortar to make 
them watertight. Considering cleanliness, tightness, durability, and cost, perhaps 
the best curbings are vitrified sewer pipes or hard-burned drain tiles. Sometimes 
the pipes are placed with the bell joint downward, but such an arrangement makes it 

impracticable to cement the joints. The space between the curb and the sides of the 
excavation should be filled with clean sand and gravel up to the top of the water
bearing stratum, the coarser material at the bottom. Surface water will be pre
vented from moving along the concrete casing if puddled clay or concrete is used to 
backfill. The curb should be brought at least one foot above the ground and be sur
mounted by a concrete platform in which is cast a manhole and pump stand. The 
manhole should have a tight-fitting iron or concrete cover. 

Although labor for digging represents little actual outlay of money, the cost of 
a dug well properly constructed is often greater than that of a drilled well. 

If a pump is to be set on the platform, a short piece of well casing may be em
bedded in the concrete to provide an opening for the drop pipe and cylinder. A firm, 
watertight joint between the pump base and the concrete is made by using expansion 
bolts or anchor bolts and a gasket. Expansion bolts are screwed through the pump 
base into holes in the concrete. Anchor bolts to fit the holes in the base are embedded 
in the concrete when it is poured. Ordinary bolts with the thread-end up and a large 
flat washer on the head in the concrete will answer the purpose. 

Dug wells properly located, constructed, and protected are more likely to be 
satisfactory than any other type except drilled wells. The advantages are that they 
have longer life and larger volume, thus permitting more rapid pumping, lower 
lifts and easier inspection and cleaning, with less trouble from quicksand and air 
leaks. 

Types of Pumps 

The American multibladed windmill driving a piston pump is familiar all over 
the world. It is usually sold as a complete unit. This type of windmill works well 
only with a piston pump. 
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When water is to be drawn from a spring or stream, where a windmill cannot 
conveniently be placed directly over the source of supply, a siphon pump is used 

(Figure 5). The base of the pump contains the cylinder 
with its valves and plunger. The base is always full of 
water, which keeps the pump constantly primed. If a 
foot valve is used on the end of the suction pipe, the 
pump will always be ready to deliver water with the first Wj 
stroke of the piston. 

These pumps are made with cylinders from two to 

six Inches in diameter. The smaller sizes are furnished 
with a windmill connection, or with a windmill top and 
handle. The smaller sizes have a 12-inch stroke and 
are suitable for S-foot, 10-foot, or 12-foot windmills. 
The larger sizes have a 16-inch stroke. 

The siphon operates as an airtight, inverted U-tube. 
The flow through the discharge leg of the siphon tends to 
form a vacuum in the other leg, which immediately fills 
with water if the distance from the water surface to the 
top of the siphon is not too great. The theoretical height 
to which water can be raised with a siphon is identical 
with that of a leak-tight pump, but because of pipe fric- Figure 5. Siphon Pump 
tion, air leaks, and vapor pressure, the siphon can 
seldom be relied on to lift water more than 20 to 25 feet. 

The elimination of air leaks is necessary. Pipe joints must be effectively 
sealed, because even a slight leak may be enough to break the vacuum and cause the 
siphon to fail. The siphon can be primed by attaching an ordinary shallow-well 
pump at the lower end, priming and operating as if pumping from a well. Once the 
flow is started, it will continue indefinitely without pumping if the water level at 

the inlet remains unchanged. Water should not be drawn off too rapidly-the pipe 
must always be completely full. Pipe friction must be considered in a siphon just 
as in a pump. The intake must be far enough below the water surface to prevent 
air from enterinig. 

Back Geared or Direct Stroke Windmills 

Purchasers of a turbine-type windmill must usually choose between a back 

geared or direct stroke type of mill. An extensive test at Cheyenne, Wyoming, re
vealed that both types of power transmission were about equal in amount of work 
done whe:,. the back geared mill was set at a ratio of 3. 3 to 1. The direct stroke 

mill required a heavier wind to start, rapidly increased to its maximum, and then 
rapidly descended from the maximum more slowly and continued over a greater 
time. The direct stroke type may be a little better when the wind velocity is high 
for a considerable length of time, while the geared, type is better suited to heavy 
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pumping loads and lower wind velocities. Another advantage of the direct stroke 

type is that it has less machinery and suffers less wear than the geared mill. 

Economical Size of Windmill 

Unlike all other types of prime movers, the weight and cost of windmills 

increases with size faster than does the power they yield. The power varies as the 

square of the diameter of the mill wheel, while the weight should vary as the cube 

of the diameter, in order to give equal rigidity and security to all sizes. Thus, a 
20-foot mill weighs seven times as much as a 10-foot mill, yet it has less than four 

times as much power. Tables 4 and 5 show methods of calculating water yields 

under given circumstances. 

Table 4. Pumping rates and h. p. for different diameters of wind pump, with 
100 feet head and assuming 20% efficiency throughout 

Wind- 6 feet 8 feet 10 feet 12 feet 14 feet 

speed 
m.p.h. h.p. gals/hr h.p. gals/hr h.p. gals/hr h.p. gals/hr h.p. gals/hr 

5 .0047 10 .0083 17 .0125 25 .019 38 .025 50 

7 .0128 25 .0228 42 .036 72 .051 102 .069 138 

10 .0372 75 .066 132 .10 200 .15 300 .20 400 

12 .064 128 .115 230 .18 360 .26 520 .35 700 

14 .102 204 .183 366 .29 580 .41 820 .56 1,120 

16 .153 306 .273 546 .43 860 .61 1,220 .83 1,660 
18 .218 436 .389 778 .61 1,220 .87 1,740 1.20 2,400 

20 .297 594 .53 1,060 .83 1,660 1.19 2,380 1.60 3,200 

22 .398 796 .71 1,420 1.11 2,220 1.60 3,200 2.2 4,400 

Clarification: Imperial gallons (equals 1.2 U.S. gallons). 

Windmill Towers 

Tile towers for the slow-running type of windmill most commonly used are 
made in heights which vary from 25 feet to about 60 feet. The tower should be high 

enough for the wind-wheel axis to be well above any trees, or other obstructions, 
lying within a distance of 200 to 300 yards. There should be a clearance of some 
10 feet between the height of these obstructions and the lowest point of the periphery 
of the wind wheel. On flat ground there is some advantage in increased windspeed 
to be gained by building a high tower, but this is not usually worthwhile at a hilltop 
site because there the increase of windspeed with height is not so marked. 

Towers are usually built of galvanized rolled angle steel. They may have three
corner posts; though four, which give a stronger tower, are more commonly used. 
Girts connect the corner posts horizontally at about 5-foot intervals and tensioned 
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steel rods are used as cross-braces to give more strength. Anchor posts and earth 
plates are fitted at the bases of the corner posts and castings, and foundation bolts 
are provided so that the tower can be bolted to the concrete blocks in the ground. 

Table 5. Annual output of water for a given wind 

Windspeed Annual duration Output rate Total output 
3mm.p.h. m/sec. hours m 3 /hr. 

7 3.15 600 0.3 180 
8 3.6 500 1.4 700 
9 4.05 500 2.3 1,150 

10 4.5 400 3 1,200 
11 4.95 500 3.7 1,850
 

12 5.40 450 4.2 1,890
 

13 5.85 450 4.7 2,115 
14 6.30 300 5.2 1,560 
15 6.75 300 5.7 1,710 
15 plus 1,700 6 10,200
 

Annual
 
22, 555 m 3TotalTotal 5,700 

The duration of windspeeds above 15 m.p.h. (7. 2 m/sec.), for which the output 
is assumed to be at the full rate of 6 m 3 /hr., is 1,700 hours. It will be seen that 
the total annual output, in this case, is thus calculated as 22, 555 m 3 . 

Installation and Maintenance 

The most obvious recommendation is to follow the manufacturer's instructions 
carefully when installing a windmill: different designs call for different methods of 
erection. Probably the most important general points are: (a) That the foundations 
for the tower must be very well made to insure adequate strength of the tower which, 
throughout the life of the machine, will have to withstand very heavy pressure in 
gales; (b) that the tower itself must be built up systematically with proper attention 
given to the tightening of bolts and the tensioning of braces; and (c) that the wind 
wheel must be assembled strictly according to the manufacturer's instructions, 
insuring that all the sail pieces are attached in such a way that there is no distortion 
and that the wheel is well balanced. 

The operation of the machine is automatic and calls for very little attention 
except for starting up and shutting down according to the demands on the pump. 
Maintenance consists of regularly oiling the moving parts and periodically inspecting 
the whole installation to make sure that no parts have been broken or loosened in 
storms. Several windmill and plumbing arrangements are shown at the end of this 
book. 
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V. GENERATING ELECTRICITY 

The only major difference between water-pumping and electricity-generating 

windmills is that wind-electric machines run at a high speed to minimize the cost 

of gearing for an electrical generator. The rotors are of the propeller type with 

usually two or three blades so that the starting torque is low and a relatively high 

wind speed is needed before any power can be generated. Thus the cut-in wind speed 

for a wind electric plant may be as high as 10 or even 20 miles per hour (at a very 

windy site) instead of 6 or 7 miles per hour which is sufficient to start a water

pumping windmill. 

On the other hand, the power generated can easily be transmitted, without 

excessive loss, over distances up to perhaps several hundred yards. This means 

that the windmill may be located at the windiest site in the immediate area, whereas 

the water-pumping plant must be located very close to the well, where the wind speed 

may not be so high. The practicable distance for such transmission depends on the 

generating voltage and the capacity of the wind-electric machine: for low voltages 

and small capacities there is a limitation to only a few yards distance from the 

premises to be supplied. 

Types Of Wind-Driven Generators 

There are two types of wind-electric plants suitable for areas without main 

electricity distribution networks. The first is the small unit of up to about one to 

one and a half kilowatt in capacity., with a direct current generator and a battery for 
storage of the full output. The second is a machine of larger capacity-up to about 50 

kilowatts-with either a direct current or alternating current generator with or with

out a battery. In this second case the battery is generally of limited capacity and is 

intended for the storage of only a fraction of the total output, to supply essential 
loads. Most of the energy generated is used as random power, as and when it is 

generated. See Figure 1. 

In the past, small wind-electric machines have been quite successful. Unfortu
nately, several manufacturers have ceased production because of the diminishing 
demand as the main power networks spread to the remoter areas. There can be 
little doubt that the need for such machines still exists, especially in less developed 

areas, and it is to be hoped that production will resume. 

The small unit generally uses a two or three bladed propeller, with minimum 
diameter of six feet and maximum of ten feet, rotating at high speed and driving a 

direct current generator. In the smallest machines the drive is direct, but a gearbox 

is used as the size increases. A tail vane holds the wind rotor into the wind. A speed 
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controlling device is used. This may be operated by the tail vane turning the rotor 
out of wind at higher wind speeds-the axis of the rotor being slightly offset from the 
main supporting axis on the tower-or it may take the form of an airbrake governor. 

A furling device enables the machine to be shut down from the foot of the tower. 
The battery, along with its asso-'iated control panel, must include a device to prevent 
the current reversing and driving the windmill generator from the battery. 

The support for the machine (a pole or towel) should be high enough to keep it 
well clear of the adjacent buildings, otherwise it will be screened from the wind. 
A usual height is 40 feet (12 or 13 meters). There should be a ladder or some other 
means of ascending the tower to attend to the machine if this becomes necessary, and 
it is important to assure that the support is held rigid-either by guys or by using a 
heawy pole well set into the ground-to avoid vibrations that have a harmful effect on 
the machine. 

The generator voltage of the small wind-electric plant is usually low; 6, 12, 24, 
or 32 volts being common. This low voltage is used because of their small size and 
to reduce the number of two volt accumulators needed in the storage battery. A low 
voltage calls for only a short run of cable from the generator to the battery and load 
circuit in order to avoid excessive voltage drop caused by te resistance of the cable. 
Thus, for example, if the size of the cable appropriate to the crrrtnt to be carried 
is used, there will be a pressure drop of about one-tenth of a vo.i. per yard run of 
cable. If the length of this cable is 50 yards (as it may be because the length needed 
to reach from the generator to ground level alone may be 12 yards) the total voltage 
drop will be 5 volts. If the voltage of the generator is 24 volts, nearly 20 percent of 
the pressure, and, therefore, 20 percent of the power, will be wasted in the cable. 
This voltage drop is approximately the same whatever the generating voltage so that 
a higher value of this voltage is an.advantage. 

The storage battery is an essential part of a small wind-electric plant. At times 
of high wind the battery is charged and it stores electrical energy for use when the 
wind speed is too low for power generation. A plant of this kind can thus be consid
ered as being a battery-charger and the name wind-charger is often used. 

Two types of battery can be used-alkaline or nickel-iron type, or the lead-acid 
type. The latter is more common and has the advantage of a high voltage, 2 to 2. 5 
volts per cell, against only 1. 5 to 1. 75 for the alkaline accumulator. Although it 
may be rather more expensive, the alkaline battery is very robust and less liable to 
damage by irregular operating conditions than the lead-acid battery. It is not, how
ever, so successful with low charging rates. 

Battery sizes are specified in terms of their ampere-hour capacity which is a 
measure of the product of the current in amperes and the time of discharge in hours 
that can be obtained before the voltage falls to the lowest permissible value of 1. 8 v 
per cell. This capacity may vary from 130 to 450 ampere hours and, of course, 
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the greater the capacity, the longer the period of calm weather which can be 

prepared for. 

As an example, for a 200 watt unit the maximum generating voltage may be 15 

volts, and six lead-acid cells would be used, these having a voltage of 2. 5 volts when 

fully charged. The ampere-hour capacity recommended would be 230 ampere hours. 

Charging of the battery would begin at a wind speed of 7 miles per hour and the set 

governed so that maximum output would be reached at 23 miles per hour. 

The annual output of small wind-electric machines is not generally very high 

because of the limitations placed on site selection because of the need to be near the 

premises to be supplied. Probably 1,000 to 1,500 kilowatt hours per kilowatt is a 

fair range of annual output to be expected. Wincharger Corporation, a manufacturer 

of these machines, states that usable energy outputs per month from a 200 watt plant, 
average 20 to 30 kilowatts for sites with annual average wind speeds from 10 to 14 

miles per hour. These figures correspond to a range of 1, 200 to 1, 800 kilowatt hours 

per year per kilowatt. 

The cost of small wind-electric plants, complete with battery, control gear, and 

stub tower but without the supporting pole, is from $600 to $1, 000 per kilowatt of 

capacity. Compared with the cost of energy from an electrical network in an urban 

area, this works out to a relatively high charge per kilowatt hour, but it is not exces

sive for such purposes as electric lighting, the operation of radio sets, and small 

domestic uses in remote areas. 

It is necessary to give occasional attention to lubrication and to insure that no 

parts of the machine have become loose. The battery needs more frequeiit care. 

It should not be overcharged nor over-discharged and the cells should be topped with 

pure water when the level of the acid falls below the tops of the plates. The voltages 

of the cells and the specific gravity of the acid should be measured occasionally to 

check that all are in order. 

Larger Wind-Electric Plants 

Plants ir this category range from 8 to 100 kilowatts in capacity. Several have 

been produced, although none are yet in common use. They differ from the small 

windmills described previously by having an alternating-current generator rather 

than a direct-current one and by generating 200/240 volts, single phase, or 380/440 
volts, three phase. 

Because of the high cost of batteries for the storage of an amount of energy 

corresponding to a power output of ten or more kilowatts, no attempt is made to 

store enough energy to give the full output during calm weather. A low capacity bat

tery, charged through a rectifier, can be used so that essential, small loads can be. 

supplied, but the main loads, requiring several kilowatts of power, are supplied only 
when there is sufficient wind. 
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Another feature is the use of a fantail-a multi-bladed wind wheel mounted at 
right angles to the main rotor-instead of a tail vane for orienting the windmill so 
that it is brought into the wind. Sometimes two fantails, one on each side of the main 
shaft of the windmill rotor, are used. The supporting structure for medium-sized 
windmills may be a guyed steel tube but it is usually a lattice-steel tower for the 
larger machincs. 

Can the large windmill compete on a cost basis with the diesel or gasoline 
generator? No correct answer can be given. The British firm of Dowsett Holdings, 
Ltd. claims a cost per kilowatt hour of 1. 8 cents for its 25 kilowatt machine as com
pared to 3. 9 cents for a diesel electric generator. But it should be noted tiiat the 
Dowsett Holdings windmill operates at maximum efficiency in a 25 mile an hour wind. 
A steady wind of this velocity is hard to find. In the final analysis, the economy of 
the large wind-electric machine can be assessed accurately only if the capital charges 
on the plant, the wind data for the site, and the cost of alternative means of power 
production are known. 
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VI. CONSTRUCTING A WINDMILL 

Following are detailed instructions for the construction of two windmills which
 
can be built in a home workshop.
 

The first is a six-foot mill of approximately 1/10 HP (assuming an average wind 
of 16 MPH), sufficient for running a small grindstone or running a 30-watt dynamo. 
The second mill, 10 feet in diameter, can deliver approximately 1/4 HP under the 
same wind conditions. 

A Six-Foot Mill 

In order to simplify the machine as far as possible, the mill han been designed 
with fixed head, so that the wind must be in one of two opposite directions to give a 
maximum effect. It should therefore be set up with the front wheel facing in the 
direction of the prevailing wind. Where the two principal prevailing winds are, say, 
southwest and northwest, the best direction for the axis of the mill would probably 
be north and south. A fixed mill like this is suitable for a town dweller, where long 
rows of houses confine the wind to definite directions. 

The vanes (see Figures 6, 7, 8) can be either fixed or allowed to revolve par
tially upon the arms. If fixed, the mill will run in opposite directions with opposite 
winds, and while this need not matter for such operations as pumping, it would not 
be satisfactory in other work. A simple device has, therefore, been adopted; when 
the wind blows from what may be called the back of the mill, the sails will automati
cally reverse and so cause the direction of rotation to be always one way. The maker 
who prefers to have the sails fixed may ignore this arrangement and screw the vanes 
firmly to the arms, which need only to be tapered off and not rounded in section. 
The alternative arms required in this case are sketched in Figure 8C (two views), 
and of course require less work on their construction. 

The mill, as shown in Figures 6 to 9, has six whips or arms mounted upon a 
triangular hub to which they are all bolted. The six whips are formed from three 
hardwood sticks, each making a pair of arms. The sticks will be 1 1/2 inches 
square in section and 6 feet long; the central portion for a length of 22 inches should 
be tapered from 1 1/4 inches diameter at the root to 1 inch diameter at the tips. 
Good sound straight wood should be selected. 

The hub, shown in detail in Figure 6B, should be very carefully made. Form 
an equilateral triangle of the size given from a piece of very sound non-splitting 
hardwood. The hole for the axle must be truly bored and fit well so that the sails 
will all run in true plane and square to the axle. The three sticks must be bolted to 
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the hub, each with two 3/8-inch galvanized bolts, with good-sized washers, every 

care being taken to fix each stick at right angles to the shaft. For further security, 

another 1/4-inch or 3/8-inch bolt will join each pair of sticks at their crossing; note 

(see Figure 7C) a piece of packing of the same thickness as the sticksthat in one case 
The bolt in this case must also be longer.will be required. 

The axle will consist in this case of a short length of stout mild steel tubing. 
and should not beThe size is not important-it is shown as 1 inch outside diameter, 


less. This is not so much for strength as for better attachment to the hub with its
 

far-spreading sails.
 

The hardwood hub should be fixed to the axle by a couple of 1/4-inch split pins 

going right through, as seen in Figure 6B. These can be put parallel with two of the 

sticks, and should fit well so as to allow no backlash. 

These bearings areThe bearings should be of brass, formed as in Figure 9. 

carried in hardwood pedestals, and secured by hardwood caps bolted down over 

them. A recess is made in the cap, and blocks are provided on the base to prevent 

side movement of the brasses. If possible, oil cups or other similar lubricators 

should be fitted. A cover of thin galvanized sheet iron may be fitted to the working 

parts. The details of the forward bearing are sufficiently indicated in the three 

views, Figure 9. The rear bearing is exactly the same. 

The power of the mill may best be transmitted by ).,ins of a pair of bevel-

Various ratios of speed can be obtained accordingwheels, as shown in Figure 7A. 

to the wheels used. As shown here, the wheels have a speed ratio of two to one; and 

a light, true running shaft, 5/8 inch or 1/2 inch in diameter carries the lower wheel. 

If this shaft must be of any great length, or' if much of it must be unsupported, a 

greater diameter is desirable; here again tubing can be substituted for solid rod. 

For pumping purposes a crank may be arranged either as an overhung crank on the 

tail end of the shaft, by an eccentric as described in the last chapter, or by crank

ing the shaft itself, the throw being made suitable for the pump to be used. A light 

wooden connecting-rod should be used if this plan is adopted. 

The method of carrying the vanes and also the device for automatically swinging 

them to suit the wind are shown in Figures 6C, 8A, 8B. The vanes are formed of 

3/8-inch boards, the edges being tapered off as 6hown in Figure 8B. Any timber not 

liable to warp in sun and weather will be suitable. 

The supports or hinges, clearly seen in Figure 8A are of 3/4 x 1/8-inch galva

nized hoop iron, bent to fit around the arms at the places assigned to them. They 

are attached to the vanes by 1/4-inch flat-headed galvanized bolts, with large washers 

next to the wood. A screw projecting from the arm just beyond each bearing prevents 

the vano from slipping off. Each vane should swing easily without shaking. 
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Because of the unbalanced shape of the sails, they will swing according to the 
direction of the wind, and means are provided to allow them to take up a position 
either way at the best angle for general work. This is shown in Figure 6C; the black 
lines show how the sails would set with the wind in the direction given and the direc

tion of rotation. The dotted lines indicate the condition when the wind blows from the 
opposite quarter. The device consists of pairs of short cross-bars screwed to the 

backs of the arms and bolted, with packing between, at their crossing. As the angle 
each way is important, care must be taken, by cutting away the cross-bars or pro
viding packing, if either is necessary, to secure an. angle of about 250 . A template 
cut to the correct angle should be used to adjust the vanes in each case. 

The timber framing on which the mill is erected needs no description beyond 
that afforded by the sketches, but it should be remembered that stiffness is essential 
not only for safety but also to avoid strain on the vertical shaft and loss of power. 
Cross-bars can be bolted in at intervals if this shaft is long, and bearings fitted 
upon them. 

Each piece of finished timber in the mill itself must be carefully painted before 
being built up. Three coats of paint are recommended, and the last coat should be 
mixed with outside varnish. Regular oiling is necessary. In order to avoid workwg 
the mill unnecessarily, a brake or lock mechanism should be fitted. 

A Ten-Foot Mill 

A general elevation is given in Figure 10, to a scale of 1/4-inch to the foot. 
The tower is built up of four 3 x 3-inch vertical members, 12 feet high, each placed 
at the corners of a square, with 4-inch space between each pair of uprights. These 
uprights are braced by struts of 3 x 3 timber starting below the circle of vanes, one 
strut on each side, and each bolted to two uprights, as shown. The lower ends of 
struts are lodged into two horizontal diagonals, which are halved over each other at 
their crossing so as to lie level. The lower ends of uprights with a little shaping will 
also fit alongside these diagonals and must be securely bolted to them with 1/2-inch 
bolts. Bolts or straps must also secure the diagonals to the feet of struts. Four 
3/4-inch bolts not less than 3 feet long must be carried down at the four ends of the 
horizontal members into pockets of rough concrete of 2 or 3 cubic feet each. The 
holes above the concrete must then be very firmly filled in and rammed. If the 
ground is soft or yielding, a greater depth and more concrete must be employed. 
This timber should be creosoted and all bolts should be galvanized. Large washers 
under the nuts of the 3/4-iuch bolts are required. 

A more detailed side elevation of the head, tail, and part of the arms is given 
in Figure 11 to a scale of 3/4-inch to the foot. This shows the movable head casting 
A carried on the bearing casting L2, Both of these are detailed still further, to a 
scale of 1 1/2 inches to the foot in Figures 12A, D and require little explanation., 
The shaft of A is turned to ride easily in the bored hole in B, and is fitted with brass 
bushings for the axle and vertical shaft. The casting B is securely bolted to the top 
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of the 3 x 3 uprights with 1/2-inch bolts. Packing pieces, C, in Figures 11 and 12D 
are to insure correct spacing. Note should be taken of the sheet of zinc or lead, D, 

Figures 11 and 12A, which is first laid on top of the uprights, with a suitable hole in 
the middle to allow the shaft of B to pass through, and is then dressed down, as 
shown, to protect the timber from moisture. It should hang clear of the timber to 

avoid capillary action. 

The tail, employed to keep the mill facing the wind, is also shown in Figure 11
 
at E. It is carried by two angle irons, 1 1/2 x 1 1/2 x 1/4 inches, F and G, which
 
are bolted respectively to the top and bottom of head casting A with 3/8-inch bolts.
 

The position of these angles is indicated (in dotted lines) in Figures 12A and 12B at
 
F. A sheet of zinc forms the tail surface and is riveted to the brackets with '1/4-inch 
rivets about 4 1/2 inches apart. Four stiffeners of 1 1/4 x 1/8-inch hoop iron run 
vertically across the surface, dividing it into three equal spaces. Both angles and 
stiffening strips should be galvanized. 

The shaping of one of the eight anrms for the vanes is shown in Figure 13 and the 
outline of sail in Figure 14. The assembling of these parts is indicated in Figure 11, 
but it is necessary to turn to Figure 15A to see in greater detail the method of fixing 
the automatic gear. Each of the eight sails has an independent set of levers to actu
ate the central sliding rod. It must be remembered that the wind impinging on an 
unbalanced sail attempts to turn it on its hinges, as shown in the plan in Figure 15B. 
Regarding the short side of sail (the so-called leading sail), it describes an arc of 
rather less than a right angle, until it lies flat in the plane of the wind's direction. 
The chord of this arc, or rather of that described by a projecting pin J (a piece of 
5/16-inch rod bent as shown), forms the path of the lower arm of lever K, (fully 
illustrated in Figure 16A), the other arm of which, being at right angles, must move 
vertically up and down as compared with the sail movement. This actuates the 3/8
inch rod L (detailed in Figure 15C), which in its turn works lever M. The planes of 
movement of the levers K and M are not coincident, producing on the sliding rod N 
an in-and-out movement according to the amount of the wind's pressure. The lever 
K is supported at the special angle required (seen in plan in Figure 15B) by a bracket 
O (Figure 16A) bolted to the arm. The top arm of the lever is made with a return end 
in order to give a long bearing, and the bottom end slotted to allow the necessary play 
for the pin J, due to the path of the latter being an arc. 

Returning now to the sliding rod N, it will be seen that tho motion of the eight 
levers M is transmitted to it through the special turned nut P, Figure 15E. The 
various possible positions of the forked end of lever require that the section of this 
nut be turned to the curves shown. A lock-nut on the outer side enables P to be 
screwed up to the most suitable position, and there secured in place by the lock-nut. 

Examination will show that the tendency of any wind action of the sail is to force 
rod L nearer the center of mill, and so to drive rod N to the right as looked at in 
Figures 11 and 15A. This has to be met at the other end of N by the counteraction of 
a weight, R, carried by a cranked lever, S, indicated in a diagram in Figure 11, and 
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more fully in Figures 16C and F. The lever, the short end of which is doubled or 
looped (see left-hand view in Figure 16E) in order to pass on both sides of the loose 
pin bearing T, is hung from the upper tail-angle F by a 1/2-inch screw, a securer 
bearing being obtained for this by tapping into the block U, which is riveted to an 
angle, see section, Figure 16F. The arrangement of the end of rod N and pin block 
T is more clearly shown in Figure 17A. Figure 16B gives an end view of pin bear
ing, T. 

The weight, R, should be cast double, one piece having a slot or recess cast on 
one side as shown ia Fi,ure 16idD. -it is diff'uit to fix on the exact weight that may be 
required, as this depends not only on the views of the maker as to the power which he 
desires the mill to exert at its maximum, but also on the friction of the numerous 
joints in the levers. It is, however, recommended that a trial be made with a weight 
of about 10 lbs. , corresponding wi!:> the full lines in the drawings given. If the mill 
sails are found to open too easily with this weight-which is, however, doubtful-it 
can be shifted further along the lever arm, or, if this is found insufficient, another 
disc can be added as shown dotted on the left in Figure 16D. A light galvanized chain, 
running over a pulley in the top angle of tail and hanging with a loop to within 6 feet 
of the ground level, is used to lift the weight when the owner desires to stop the mill; 
this action opens all the sails so as to present only their edges to the wind. The other 
end of the chain is looped back to a point near the outer end of the tail to avoid entan
glement wih tho iLlr glls or th@ r ,l ! sh A _. 00 ,1ttE t]le..1pin ill propr9"., .tclP!d t. 

position W, can be hitched under the lower angie of the tail by taking the chain side
ways a little, when hanging the weight for any length of time. 

The large central casting, X, appears in several figures, notably in Figure 15A 
and in front elevation in Figure 17A. It is undoubtedly the most serious undertaking 
in the whole construction and must probably be put into the hands of professionals. 
This casting carries the eight arms and makes a secure connection to the axle. It is 
backed by the smaller annular casting Y, Figure 17B, which is bored to fit well over 
the turned part of X. Three very well-fitted 1/2-inch screws at 1200 secure the boss 
to the shaft. These screws must not project inside the shaft far enough to touch the 
sliding rod N (see Figure 15A). 

The casting X carries also the eight little brackets Z for the levers M (see 
Figure 17A). These brackets are of cast iron, and the pins may form part of the 
casting. 

A little further stiffening of the sail-arms is obtained by the use of the tension
rods TR, detailed in Figure 17C. These are 1/4-inch galvanized rods; one end 
turned over for an inch at right angles and the other screwed and lock-nutted. The 
tension put on these must be even and not too great, but they, as well as other 
screws and bolts in the machine, will probably require tightening up once or twice 
when the weather has had its effect on the timber. 



The arms should be 1/2 inch thick with the edges chamfered off both sides. 

Three battens, 2 x 1 1/4 inches of sound hardwood must be well screwed across, 

and the hinges, three in number, will come opposite these, on the other side of the 

sail. These hinges should be of the strongest make, of T shape, and galvanized. 

They are shown in the plan, Figure 16A. 

The axle is a piece of steel pipe, solid drawn, and 1/4-inch in diameter. It 

should be true to begin with, so that the very lightest skimming in the lathe will 
make it a good journal. It carries the usual bevel-wheel, indicated in Figures 11 

and 15B, and gearing with another of the same size on the vertical shaft. Both wheels 

are 4 inches on inner diameters, but may be more or less if required, the casting A 

being altered if necessary. The vertical spindle would be a piece of 3/4-inch cold 
rolled steel shafting, and should have bearings aliso at bottom end and half-way down 

the tower, presuming the spindle is carried down to the ground as shown in Figure 

10. A pair of bevel-wheels is also required to transmit power to a horizontal shaft. 

All possible metal parts should be either galvanized or of sheet zinc. The cast
ings should be free from rust, dirt, and grease, and painted with good red lead paint 
well rubbed in. It is better still to warm the castings to about 1000 F. when putting 

on the first coat. Three coats of the red lead paint, thinly put on, and a finishing 
coat of gray or black paint are required to make a good job. The woodwork should be 
creosoted. This does not apply to the arms and vanes, which require painting. The 
most suitable paint is pure white lead with a dash of ochre. 

Steps, formed from any suitable timber, should be nailed up at least two sides 
of the verticals to enable the owner to reach the head of the mill for oiling, etc. 

A mill of this power, especially if used to drive a lathe or other workshop tools, 
should have a simple cut-out device-such as a sliding coupling actuated by a handy 
cord or chain, so as to throw the mill out of gear in case of an accident. A brake is 
not so necessary, as the automatic gear is designed as much as possible to keep the 
machine at uniform speed. Under normal output this speed should be from 80 to 100 
revs. per minute, varying slightly according to the setting of the sails. These, in their 
flattest position-that is, with a light wind-should lie at an angle of about 200 to the 
plane of revolution of the wheel. 

It may be desirable to apply the windmills described above to the generation of 
electric power. Figures 18, 19 and 20 illustrate the principal features of such an 
application. 

Figure 19 diagrams the switch which automatically makes the connection between 
the dynamo and accumulators when the wind is of sufficient force to generate curlent. 

A belt arrangement, Figure 18, maintains the dynamo at a proper speed when the 
mill is going too fast. Here A, C and D are pulleys with curved faces; B is a wide 
flat-surfaced pulley; B and C are fixed on one shaft, carried on a light timber firame 

EF which is hinged at E and carries a weight G at the other cid. Figure 20 diagrams 
the entire apparatus necessary for a wind-driven electric plant. 
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MY Combined air chaber and working headj "i Standard brass cylinder 

0oodWell pipe not smalier than 1 1/4-inch ana not less than 1/2V . of diameter of cylinder
,I: Galvani zed ..t... na ro
 
_7 Gauze covered cwrainer
 

wnlevated concrete ci r stern
 

isi Pipe linevontil ioou
r This isan ideal arrangement where there is a 

Ihill near th~e ,,ell:_- or buildings high enough to give 
I, good water nresuure at all olaces wrhere water is to be 

.,.,used. An underground cistern keeps the water warm irn 
-!. winter and cool in summer. The cistern should have a 

-Ksr.l . screened ventilator in the top, and provision should 
be made for draining and cleaning it occasionally, so
 

that the water will be always pure and clean.
 

Figure 21. Water Supply System, Cold Climate 
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Figure 22. Windmill Pneumatic Supply System 
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Principal Features
 

Tower of necessary height 
, 	 Dug well 

Force ;amp 
Standard brass ;\linder 
Well pipe not smaller han 1 1/4-inch and not less than 1/2 

of diam:er of cylinder
 
Galvanized steel pump rod
 
Gauze covered strainer
 
Tank Rlevate, on tower
 
".terinL troughs in barn
 

i",wJ,0 , Water under pressure in house
 

With this type of installation it is possible to havE 
.an abundant supnly of water under good pressure wherever it 

is wanted. It is simply a matter of using a tank large 
enough and a tower of suff.cient height to obtain the 

desired 	quarit, and pressure. I'nere there is danger of
 

freezing, the tank, and the pipes leading to it, must be 
protected,well from frost. 

Figure 	23. Water Supply System, Mild Climate 
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A siphon un,> is. sed. w::n :he windmill cannot be placed over 
the water source. 

A check and waste valve should be used where the pipe branches
 
off for the field tank so that it can be drained when not used in
 
freezing weather.
 

Figure 24. Siphon Pump System 
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MANUFACTURERS OF ELECTRIC GENERIATING 
AND WATER LIFTING WINDMILLS 

Aermotor Com pany
 
2500 W. Rooscve lt Road
 
Chicago 8, Illinois
 

Dempster Mill Mfg. Co. Ltd. 
Beatrice, Nebraska 

Fairbury \Vindnill Co.
 
Fairbury, Nebraska
 

Hller Aller Co.
 
Napoleon, Ohio
 

JLcobs Wind Electric Corp., Inc. 
2724 Fowler Street 

Fort Myers, Florida 
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