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First Annual Report of the United States Irrigation Survey, 1890; octavo, 123 pp.

. Printed as Part II, Trrigatijon, of the Tenth Annual Report of the United States Geolog-
ical Survey, 1888-89. Contains a statement of the origin of the Irrigation Survey, a pre-
liminary report on the organization and prosecution of the survey of the arid lands for
purposes of irrigation, and report of work done during 1890,

1891.
Second Annual Report of the United States Irrigation Survey, 1891; octavo, 395 pp.

Published as Part II, Irrigation, of the Eleventh Annual Report of the United States
Geologica.l Suryey, 1889-90. Contains a description of the hydrography of the arid region
and of the engineering operations carried on by the Irrigation Survey during 1890; also
the statement of the Director of the Survey to the House Committee on Irrigation, and
otli\iez ﬁpéapers, including a bibliography of irrigation literature. Illustrated by 20 plates
an ures.

Third Annual Report of the United States Irrigation Survey, 1891; octavo, 576 pp.

Printed as Part II of the Twelfth Annual Report of the United States Geological Sur-
vey, 1800-91. Contains * Report upon the location and survey of reservoir sites during the
fiscal year ended June 30, 1891, by A. H. Thompson; ** Hydrography of the arid regions,”
by F. H. Newell; ‘Irrigation in India,” by Herbert M. Wilson. lﬁustmted by 93 plates and
190 figures.

Bulletins of the Eleventh Census of the United States upon irrigation, prepared
by F. H. Newell; quarto. :

No. 85, Irrigation in Arizona; No. 60, Irrigation in New Mexico; No. 85,
Irrigation in Utah; No. 107, Irrigation in Wyoming; No. 153, Irrigation in
Montana; No. 157, Irrigation in Idaho; No. 163, Irrigation in Nevada; No. 178,
Irrigation in Oregon; No. 193, Artesian wells for irrigation; No. 198, Irriga-
tion in Washington.

1892.

Irrigation of western United States, by F. H. Newell; extra census bulletin No.
23, September 9, 1892; quarto, 22 pp.

Contains tabulations showing the total number, average size, ete., of irrigated holdings,
the total area and average size of irrigated farms in the subhumid regions, the percentage
of number of farms irrigated, character of crops, value of irrigated lands, the average cost
of irrigation, the investment and profits, together with a résumé of the water supply and
a description of irrigation by artesian wells. Illustrated by colored maps showing the
location and relative extent of the irrigated areas.

1893.

Thirteenth Annual Report of the United States Geological Survey, 1891-92, Part

II1, Irrigation, 1893; octavo, 486 pp.
. Consists of three papers: ‘ Water supply for irrigation,” by F. H. Newell; ‘‘ American
irrigation en[?'ineering >’ and ‘* Engineering results of the Irrigation Survey,” by Herbert
M. Wilson; ‘‘Construction of topographic maps and selection and survey of reservoir
sites,” by A. H. Thompson. Illustrated by 77 plates and 119 figures.

A geological reconnaissance in central Washington, by Israel Cook Russell, 1893;
octavo, 108 pp., 15 plates. Bulletin No. 108 of the United States Geological
Survey; price, 15 cents.

Contains a description of the examination of the geologic structure in and adjacent to

the drainage basin of Yakima River and the great plains of the Columbia to the east of
this area, with special reference to the occurrence of artesian waters.

1894,

Report on agriculture by irrigation in the western part of the United States at the
Eleventh Census, 1890, by F. H. Newell, 1894; quarto, 283 pp.

Consists of a general description of the condition of irrigation in the United States, the
area irrigated, cost of works, their value and profits; also describes the water supply, the
value of water, of artesian wells, reservoirs, and other details; then takes up each State
and Territory in order, giving a general deseription of the conditglon_ of agriculture by irri-
gation, and discusses the physical conditions and local peculiarities in each county.

Fourteenth Annual Report of the United States Geological Survey, 1892-93, in two
parts; Part II, Accompanying papers, 1894; octavo, 597 pp.
Contains papers on * Potable waters of the eastern United States,” by W J McGee;

‘“Natural mineral waters of the United States,” by A. C. Peale; “Results of stream
measurements,” by F. H, Newell. Illustrated by maps and diagrams.
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Di1vISION OF HYDROGRAPHY,
Washington, January 14, 1901.

Sik: I have the honor to transmit herewith a manusecript entitled
The Windmill: Its Efficiency and Economic Use, Part II, by Edward
Charles Murphy, formerly professor of civil engineering in the Uni-
versity of Kansas, and to request that it be published in the series of
Water-Supply and Irrigation Papers.

This manuseript is a continuation of the material published as Paper
No. 41, it being necessary to divide the manuscript on account of the
limitation imposed by law of 100 printed pages for each pamphlet.

Very respectfully,
F. H. NEWELL,
Hydrographer in Charge.
Hon. CHARLES D. WALCOTT,
Director Unated States Geological Survey.
81






THE WINDMILL: T1S EFFICIENCY AND ECONOMIC USE

PART IL

By EDWARD CHARLES MURPHY.

EXPERIMENTS BY WRITER—CONTINUED.

In Part I of this paper, published as Water-Supply and Irrigation
Paper No. 41, will be found a classification of windmills, a discussion
of regulating devices, a synopsis of early experiments with windmills,
and a discussion of the writer’s experiments with pumping mills.
This part (II) of the paper contains the results of the writer’s experi-
ments with power mills, a comparison of pumping mills with power
mills, and discussions of various facts developed by the tests, together
with a comparison of the writer’s experiments with those of other
experimenters, and the economic considerations of the subject.

POWER MILLS.

The power mill differs essentially from the pumping mill in that the
latter gives a reciprocating motion to a pump piston, while the for-
mer gives a rotary motion to a vertical shaft, and this, in turn, to a
horizontal shaft, which drives the grinder or other machine. The
mechanism by which this is accomplished in the Aermotor is shown
in figs. 33 and 34. The small plane cogwheel makes three revolu-
tions to one revolution of the wind wheel, and the small beveled cog-
wheel makes two revolutions to one revolution of the small plane
wheel; so that the vertical shaft makes six revolutions to one revolu-
tion of the wind wheel; or, as we say, the shaft is geared forward 6
to 1. The two beveled cogwheels of the foot gear (fig. 34) change the
motion around a vertical axis to a motion around a horizontal axis
without changing the rate of speed. In fig. 7, Part I, which shows
the pumping mill, it will be seen that the large cogwheel which gives
the up-and-down motion to the piston makes one revolution to each 3.3
revolutions of the wind wheel, or that the pump is geared back 3.3 to1;
so that the vertical shaft of a power mill makes twenty revolutions to
one stroke of a pump worked by a pumping mill the wind wheel of

-which is running at the same rate as that of the power mill. The
83
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term ¢ geared mill” is sometimes applied to power mills, but inappro-
priately, since the pumping mill also is geared. The latter is geared
back, the former is geared forward.

Power mills are heavier than pumping mills. They ordinarily do
more work and carry heavier loads than the latter. The load on the
pumping mill is constant for all wind velocities, but it may be varied
in the power mill. The grinder is made so that as the speed increases
the quantity of corn which enters increases, and thus the load and
work done are increased. The mill is expected to do three or four
kinds of work—for example, pump water, shell and grind corn, and
turn a grindstone. In a light wind the pump only can be worked,
but as the wind increases one after another of the three other machines
can be set at work, and thus the load be suited to the velocity of the
wind and the mill be made to do the maximum amount of work. Power
mills are not made smaller than 12 feet in diameter, for the reason
that a small size will not give power enough to be of account except
for pumping. The ordinary steel power mills are 12 feet, 14 feet, and
16 feet in diameter. )

The power that a windmill is capable of developing can be deter-
mined better from a power mill than from a pumping mill, because
the efficiency of the pump-—which may be anywhere from 20 to 85 per
cent—is eliminated, and because the load on the mill can be varied at
will, and thus the effect of the load on the power of the mill be deter-
mined for different wind velocities.

METHOD OF TESTING.

The power was measured by the use of a Prony friction brake placed
on an iron pulley on the foot gear or horizontal shaft. The brake
was of wood, and had an arm 3 or 4 feet long. Near the end of this
arm was fastened a spring balance reading to quarters of a pound.
By turning the nuts on the brake the spring balance could be made
to read any desired amount. As the brake on the pulley was tight-
ened, the reading of the spring balance was increased and the num-
ber of revolutions of the shaft decreased. The brake is shown in Pl.
XYV. The speed of the shaft was found in one of three ways—which-
ever was most convenient. A small electric device was used when-
ever it could conveniently be attached to the wind wheel. The clicks
of this instrument could easily be counted, and gave the number of
revolutions of the wind wheel for each half mile of wind movement.
A speed counter was used, but did not prove satisfactory. Whenever
the electric device could not conveniently be employed, the number
of revolutions of the wind wheel was found by counting the revolu-
tions of a mark on the wind wheel as reflected in a mirror con-
veniently placed.

To illustrate: If u is the number of revolutions per minute of the
brake pulley as found from the revolutions of the wind wheel per
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half mile of wind, L the load in pounds as read from the spring bal-
ance, and R the length of the arm, then the useful work, in foot-
pounds per minute, is—W = 27 Rwu L, and the horsepower is—H. P.
=27 Ruw L <+ 33;000.

The number of revolutions per minute of wind wheel was found for
each mill for from two to six different brake loads, for wind velocities
as small as would keep the mill working for the particular load used

| —
i TGO R

//e

F1a. 382.—Working parts of mill No. 26—14-foot Perkins.

up to about 25 miles an hour. That is, the reading of the spring bal-
ance was kept as nearly constant as possible until we had obtained
points and a curve like that shown in fig. 10. Then the load was
changed and the, tests continued in the same way, getting another
curve. From these curves the number of revolutions of wind wheel
per minute for different loads and wind velocities was easily found,
as before indicated. These are given in the table of resulfs for each
mill tested, and in mauy cases are also shown by diagram. The horse-
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power of any mill for different loads and velocities is easily found by
the foregoing formula. These are given in the tables of results of

tests, and are also shown by diagrams.
MILLS TESTED.

Mill No. 26.—This is a 14-foot, Perkins steel power mill on a 40-foot
steel tower, made by the Perkins Windmill Company, of Mishawaka,
Indiana. The working parts are shown in fig. 32. The wind wheel has
32 curved sails, each 41 by 14.25 by 7.75 inches, set at an angle of 31°
with the plane of the wheel. The shaft is geared forward 6 to 1.
The radius of the brake pulley was 5 inches, the length of brake
arm 33.5 inches. This mill was tested twice. Between the dates of
testing some repairs were made to the shafting, causing the cogwheels
to bind less tightly. The following figures are those obtained from
the second test.  The mill had been in use only about one year, and
showed very poor workmanship. The results of the test are as follows:

Results of test of mill No. 26'—1/,-foot steel Perkins.

s Number of revolutions of wind : ;
1 : i ry Useful horsepower at given wind
wheel per minute at given wind e
I;;De::}d velocities (per hour). velocities (per hour).
Load on | revolu-
brake. | tion of . % @ % @ . % [ o %
wind g Z 3 2 2 3 2 2 2 3
wheel | = B | E | B | B |5 |8 B | H g
o | 3 5 & 8 o | B = 8 8]
Pounds.| F't.-lbs. :
6 (1225 R D 16 31 48 )il 0.313 | 0.609 0.937

Mill No. 27.—This is a 12-foot Aermotor on a 30-foot steel tower.
The wind wheel is like that. of mill No. 3 (see pp. 29 to 30, Part I).
The horizontal shaft is geared forward 6 to 1. Fig. 33 shows the
working parts, and fig. 34 the foot gear. The brake pully was 9.5
inches in diameter and was fastened to the foot gear at a in fig. 34. .
The brake arm was 35.25 inches in length. The mean temperature
during the test was 46° F., and the mean barometric pressure 28 9

inches. The results of the tests are as follows:

Results of tests of mill No. 27—12 footk Aermotor.

Number of revolutions of
wind wheel per minute | Useful horsepower at given wind ve-
Load at given wind velocities locities (per hour).
: per (per hour).
Loadon | revolu-
brake. | tion gf X N P “ p
i @ 7] 7] n @
& g g g g g g g g g
s 2|28 & = |3 |3 |8 8
Pounds.| Ft.-lbs.
0 0 30 49 63 75 87 1. P P PR PR
2 222 16 43 57 70 81| 0.089 | 0.285 | 0.386 | 0.458 0.523
4 444 | L. 23 48 (53 T ¢ O I 0.303 | 0.653 | 0.890 1.02
6 666 | | _____ 12 50 72 . PP It 1.03 1.45
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The revolutions of wind wheel per minute for the four brake loads
0, 2, 4, and 6 pounds, respectively, are shown in fig..35. The pull
necessary to overcome the frictional resistance was found by stand-
ing on the platform of the mill and slowly turning the wind wheel
around with a spring balance. This was checked by winding a

|

| \HWC\ |

AN
Fi1G. 83.—Working parts of mill No. 27—12-foot Aermotor.

cord around the circumference of the wind wheel, and, standing on
the ground, moving the wheel when there was no wind by pulling
on the spring balance attached to the cord. A pull of 1.25 pounds
applied at the circumference was sufficient to overcome this resistance
at a low velocity. The work done in overcoming this resistance is
1.25 X 27 x 6=47.1 foot-pounds per revolution. The work done per
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revolution of wind wheel per pound on the brake arm is—27 X 35.25 X
6-+12=111 foot-pounds. The ratio of these is 47.1+111=0.425 pound.
Hence a brake load of 0.425 pound is equivalent to the friction load.
The effect of each additional 2
pounds load on the brake in re-
ducing the speed of the wheel at
different wind velocities is clearly
shown here. It is seen that an
added load makes a greater pro-
portionate reduction in the speed
when the velocity is low than when
‘it is high. Thus, in an 8-mile wind
the addition of 2 pounds to the
load reduces the speed 50 per cent,
while in a 25-mile wind the same
load reduces the speed only about

B B Mol R e 4k
pulley was attached. It will be seen that for wind
velocities above a certain amount,
with the load not too great, each additional pound of load: reduces
the speed of the wheel by about the same amount. For example, in
a 25-mile wind the addition of 2 pounds changes the speed from 87
revolutions to 81 revolutions. The addition of 2 pounds more changes

VELOCITY OF WIND IN MILES PER HOUR.

80 ///)
. = / /
] /
2

Y

—
7=
A A /// 7

//

Fia. 35.—Diagram showing revolutions of wind wheel of mill No. 21—12-foot Aermotor. Curve
marked o is for no brake load; curve marked 2 is for a brake load of 2 pounds; curve marked 41is
for a brake load of 4 pounds; curve marked 6 is for a brake load of 6 pounds; curve PQ is speed
curve for maximum power.

REVOLUTIONS OF WIND WHEEL.

the speed from 81 revolutions to 77 revolutions. It will be seen that
as the load inereases the increment of wind velocity necessary to start
the mill increases more rapidly than the increment of loading. That
is, the 0-pound load curve starts in about a 4.5-mile wind, the 2-pound
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curve in about a 7-mile wind, the 4-pound curve in about a 10.5-mile
wind, and the 6-pound curve in about a 15.5-mile wind. The dif-
ference between these starting velocities is constantly increasing.
A diagram was platted showing the horsepower of this mill for the
2-pound, 4-pound, and 6-pound brake loads. The curves showed that
for any brake load the power of the mill increased rapidly as the wind
velocity increased, and that it reached a maximum for some velocity
greater than 30 miles an hour. As the load increased the velocity
required to start the mill increased rapidly and the curve became
steeper. For a given wind velocity the power increased rapidly as
the load increased. For a velocity of 25 miles an hour the power
was nearly proportional to the load for loads of less than 6 pounds.
It showed that when the velocity was less than 12 miles an hour a
4-pound load was too great, and when it was less than 19 miles an hour
a 6-pound load was too great. It showed also that the efficiency
decreased as the wind velocity for a given load increased, and that it
increased as the load increased. The efficiency for a load of 2 pounds
and a wind velocity of 9 miles an hour was 40 per cent. At 14 miles
an hour and with a 4-pound load it was 36 per cent. If theload at that
velocity was reduced to 2 pounds, the efficiency was reduced to 24 per
cent. Finding the efficiency by using the wind area (area of circle 12
feet in diameter) instead of the sail area, as is sometimes done, the
foregoing efficiency of 40 per cent With a 2-pound load in a 9-mile
wind became 26 per cent.

The results for this mill will be discussed from a mathematical
point of view further on.

Ml No. 28.—This is a 16-foot Althouse wooden power mill manu-
factured by Althouse, Wheeler & Company, of Waupun, Wisconsin.
It is shown in fig. 36. The axis of the wind wheel is 32 feet above
the ground and 15 feet above the roof of a near-by blacksmith’s
shop. The wind wheel has 130 sails, each 48 by 4 by 1.5 inches, set
at an angle of 32° to the plane of the wheel. Two half sails are miss-
ing and two others are slightly injured, making a loss of about one
and a half sails. The horizontal shaft, which works a sheller, grinder,
emery wheel, and wood saw, is geared forward 8.377 to 1. A pull of
from 7 to 13 pounds at a distance of 6 feet from the center was neces-
sary to start the mill, showing it to be a hard-running one. The
brake pulley was 8 inches in diameter, the brake arm 3.5 feet long.
A second visit to this mill was necessary in order to get results for
high velocities. During the interval between the tests a 510-pound
fly wheel was put on the shaft, which steadied the motion of the mill
somewhat. The owner is well pleased with the action of this balance
wheel. Single measurements of the power of this mill for the same
load and wind velocity differ considerably. It is very evident that
this mill is not high enough; if it were 30 or 40 feet higher it would

IRR 42—01 2
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give better results.

It is with the aid of better results obtained from
tests of other mills of similar make that we are able to give the results

THE WINDMILL.

in the following table and in the diagrams.

F1G. 86.—View of mill No. 28—16-foot wooden Althouse.

Results of tests of mill No. 28—16-foot wooden Althouse.

[NoO. 42,

Number of revelutions of wind
wheel per minute at given

Horsepower of mill at given wind

velocities (per hour).

IFig. 37 shows the number of revolutions per minute of the wind
wheel of this mill for the brake loads 0, 1.75, 5.75, and 8.75 pounds,

Load wind velocities (per hour).
per rev-
I_Loraéign olution | — — -
“lofwind | | 4 | 4 . g | 4 4 G g | g
wheel. | # 3 9 2 2 2 2 = g | 2
|88 | |8 |9 |8 |8 |8 | B
o | 3| 7 = bS] ® 3 = S T
Pounds.| K't.-lbs.
0 0 30 €
13 27 31
G. 13 20
54 19 23
84 8 13
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and for grinder load. The curve for the grinder load is a nearly

straight line.

so that as its speed increases the
amount of corn it receives in-
creases; thus the load increases
automatically as the wind veloc-

ity increases.
these speed curves, as they may
be called, with those of fig. 35,
for the Aermotor, it will be seen
that the speed of the latter is
much greater than that of mill
No. 28.

Fig. 38 shows the horsepower of
this mill for three brake loads—
1.75 pounds,
8.75 pounds.
too great for the mill.
paring the results for this mill
with those for the 12-foot Aer-
motor (fig. 35) it will be seen

By comparing

REVOLUTIONS OF WIND WHEEL.

5.75 pounds, and
The latter load is .
By com-

This is due to the fact that the grinder is constructed

VELOCITY OF WIND IN MILES PER HOUR.

10 15 20 - 25

g
. g

s
(ot

/]

FiG. 37.—Diagram showing revolutions of wind
wheel of mill No. 286—16-foot wooden Althouse.
Curves marked 0, 1.75, 5.75, 8.75,and grinder are
for brake loads of 0, 1.75, 5.75, and 8.75 pounds,
respectively, and for grinder load.

that the latter mill is superior to the 16-foot wooden mill.

INDICATED HORSEPOWER.

A

VELOCITY OF WIND IN MILES PER HOUR.
10 15 20

-

25

R

FiG. 88.—Diagram showing horsepower of mill

No.
marked 1.75, 5.75, and 8.75 show horsepower for
brake loads of 1.75, 5.75, and 8.75 pounds, respec-
tively;
power.

28—16-foot wooden Althouse. Curves

dotted curve HK shows maxXimum

Mull No. 29.—This is a 16-foot Aermotor like that shown in P1. XV,

It is manufactured by the Aer-
motor Company, of Chiecago,
Illinois. The tower is of wood,
- 42 feet to the axis of the wheel.
The wind wheel has 18 curved
sails, each 59 by 25.75 by 10.5
inches, set at an angle of 30° to
the plane of the wheel. It is
used for shelling and grinding
corn and for working a small
pump. The shafting is 20 feet
above the ground, near the roof
of a granary. It is geared for-
ward 6 to 1, and arranged so
that the pump makes 1.011
strokes to each revolution of the
wind wheel. The pump lifts
0.022 gallon per stroke a dis-
tance of about 40 feet. It hasa
eylinder 1.5 inches in diameter
and a stroke of 8 inches. The
supply pipe is on a well point.

The brake pulley is 12 inches in diameter, the brake arm 3.75 feet long.
The test was continued until the shafting failed. The mean baro-
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metric pressure was 27.8 inches, the mean temperature 70° F. This
mill had been in nearly constant use about five years. It replaced a
22.5-foot Halliday. The owner claims that the 16-foot steel mill does
more work than the 22.5-foot Halliday wooden mill did. The results
of the tests are as follows: ‘

Results of tests of mill No. 29—16-foot Aermotor.

Number of revolutions of wind : . :
wheel per minuteat given wind Horsepgm%zi&fesn%ﬂ(la?tﬁ (%’l‘l‘l’f;n wind
Load velocities (per hour). P :

per rev-
I_i)(;'a.&(}{g.n olution

of wind o @ @ @ . @R az @ ®
wheel. | & | =2 | = | 2 |'=2 | & | 2 | & | & | 2
7|8 8 | E |8 | 5 |8 |8 | & &
o | & = ® 8] ® 3 = 8] &8

Poundf. Ft.-lbs,

3 212 20
P41} 487 11
P24 629 |......

Fig. 39 shows the number of revolutions of the wind wheel for three
loads—212 foot-pounds, 487 foot-pounds, and 629 foot- pounds.
Although these results are incomplete,

VELOCITY OF Wivo IN MILES PER on account of the failure of the shaft-
19 5 +y ing, they are complete up to a wind

veloeity of 15 miles an hour, and when
studied in connection with the com-
= plete test of a mill of the same size and
A~ make (No. 44) it will be seen that this
/ mill has about the same power for the
B / same loads at any given wind velocity.
: Mill No. 80.—This is a 16-foot wooden

power mill known as an Irrigator, used
for lifting water. (For description see

20 // | pp. 49-50, Part I.) Two brake loads (2

/ pounds and 16 pounds) were used on an

arm 2.5 feet long. Curves showing the

number of revolutions of the wind wheel

/ / per minute for these loads and the use-

2 ful elevator load are reproduced in fig.

‘ 22, Part I; the horsepowers for these
FIG.39..—Diagramsho.wingrevolutions loads are shown in ﬁg 23, Part 1.

O ind wheel of mill No. 6100t Mill No. 31.—This is a 14-foot Elgin

212 foot-pounds; CE is fora load of wooden power mill used to lift water

g; ggg;ﬁgﬁ:g:’ DFistoraload of with g rotary (Wonder) pump. It is

described on pages 50 to 51, Part 1.

M:ill No. 34.—This is a 14-foot Junior Ideal steel power mill manu-

factured by the Stover Manufacturing Company, of Freeport, Illinois.

The tower is of wood, 41 feet to the axis of the wheel. The wheel has

REVOLUTIONS OF WIND WHREL.
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24 curved sails in eight sections, regulated on the centrifugal prin-
ciple. Each sail is 49 by 18

b)’ 8 inehes Setr at) an ‘lngle Of VELOCITY OF WIND IN MILES PER HOUR.
3 e

29° to the plane of the wheel. 60 10 1 X 5
This is a sectional vaneless

mill. Inplace of a vane there ?
is a counterpoise. Itisgeared 50 / -

forward 8 to 1. The mill is
used for shelling and grind-
ing corn and elevating. The
brake pulley is on a line shaft
15 or 20 feet long. In a 12-
mile wind the mill ground 12

406

. 30
pounds quite fine for a mile of
wind, or at the rate of 144
pounds an hour. In an 18- 0

mile wind it ground 26 pounds
for a mile of wind, or at the
rate of 468 pounds an hour. /
The grinder was made by the 10 /
Baker Manufacturing Com- / / /

pany, of Evansville, Wiscon-
sin.  The wind was l}nStea'dy’ Fi1c. 40.—Diagram showing revolutions of wind
the temperature high—100° wheel of mill No. 34—l4foot Junior Ideal.
in the shade at noon. The re- Curves marked 0, 1, 34, and grirder are for

brake loads of 0, 1, and 3.5 pounds, respectively.
sults of the tests are as follows: and for grinder load. !

REVOLUTIONS OF WIND WHEEL,

Results of tests of mill No. 34—14-foot steel Junior Ideal.

Number of revolutions of wind : . :
: : : Horsepower of mill at given wind
Load per &%ﬁg&gg z%g,uﬁgs:ﬁfwen wind velocities (per hour).
Load on| TeVolu: ’
brake. | tionof @ @ @ % ] % @ ] [ @
V;l'lm} 3 ° ] ) ] o] ] ] ) ]
wheel, | = = =] = =1 =] = =1 =1 =1
g g g g g g g g g g
o | 8 = 5] ] © = 3 ] R
Pounds. Iv:’t‘-lbs. ’
0 0 20 34 4 53 13- 0 DR PRI (SN PN
1 180 13 29 40 49 55 0.07 0.16 0.22 0.27] 0.33
G. G. 4 19 32 39 /G DU ORI R D
33 631 0 0 24 32 40 -0 0 0.46 0.61} 0.7 |-

Fig. 40 shows the number of revolutions of the wind wheel per min-
ute for brake loads of 0, 1, and 3.5 pounds, and for the grinder load.
Fig. 41 shows the horsepower for brake loads of 1 and 3.5 pounds.

Ml No. }4.—This is a 16-foot Aermotor on a 40-foot steel tower.
(See PL. XV.) The working parts of the mill are like those shown in
fig. 33; the.foot gear is like that shown in fig. 34. The sail area is the
same as that of mill No. 29, page 91. The power was measured with
a wooden brake having an arm 4.67 feet long, on a 10-inch iron pulley
on the foot gear. Five brakeloads were used—0, 3, 5, 8, and 11pounds,
respectively. The shafting is geared forward 6 to 1.
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The results of the tests are as follows:

Results of tests of mill No.

44—16-foot Aermotor.

Number of revolutions of wind . : :
H H : Horsepower of mill at given wind
1 pe 2 S
Load per wgve}iggitri’:: (Igg:‘uﬁ:glf:)igwen wind velocities (per hour).
Load on| X¢VO uii . = - - -
brake | SRSl g | 2| £ | S| £ | s | £ E| £ | 8
wheel.\ = | B | B | 8 | 8 |5 | B | 8 | B | B
o | 5 ] 8 © 3 = 8 ]
Pounds.| Ft.-1bs.
: 0 0 23 38 48.0 56 (7 5% 70 (ORISR ORI SO O FSURRR
3 528 |.----- 28 41.0 50 58.5 0.80 | 0.94
5 880 [-----. 13 33.5 44 53.5 1.16 | 143
8 1,408 |ceemea]aeennn 16.0 36 47.0 153 2.01
11 1,986 |eeenoafommne]acneaaan 25 39.5 1.47| 2.381

VELOCITY OF WIND IN MILES PER HOUR.
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F1g. 4l.—Diagram showing horsepower of mill
No. 34—14-foot Junior Ideal. . Curves marked 3}
and 1 show power for brake loads of 3.5 pounds
and 1 pound, respectively; dotted curve IK
shows maximum power.

INDICATED HORSEPOWER.
.
S

Fig. 42 shows the number of
revolutions per minute of the
wind wheel for these brake
loads. The number on each
curve indicates the brake load
for that curve. These curves
are seen to closely resemble the
corresponding curves for the 12-
foot Aermotor (fig. 35). The
16-foot mill will be seen to start,
with no load, in about a 4.5-mile
wind—the same as the 12-foot
Aermotor. Fig. 43 shows the
horsepower of this mill for loads
of 3, 5, 8, and 11 pounds, respec-
tively. The curves for this mill
closely resemble those of the
12-foot Aermotor. The curves

of the latter were platted, but the diagram is not reproduced because

of lack of space. It will be
shown further on that these

VELOCITY OF WIND IN MILES PER HOUR.

20 25

—
=

10

load curves are parabolas,

and hence that the power 60
increases as the square root
of the wind velocity. It will
be shown also that the curve 40

of maximum power is a para-
bola, that the load for it

AN

A
L

increases nearly as the first
power of the wind velocity,
and that the speed of the

REVOLUTIONS OF WIND WHEEL.

%
/],

\ \\\\\\

wheel increases also as the

. F16. 42. —Diagram showing revolutions of wind wheel
first power of the wind ve- ° of mill No, 4 16-foot Aermoter.  Curves marked 0,

3, 5, 8,

and 11 are for brake loads of 0,3 pounds, 5

lOGity. F)cau}ds, 8 pgur%ds, ]f,ntll }_1 pounds, respfao(;%veR S,,S' 'CI;:;;’E
g s s is speed of wheel for maximum ; RSis
Ml No. 49.—This is a curve for maximum power.
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22.5-foot, Halliday wooden power mill on a 43-foot wooden tower.
The sail area is in two con-

eentric rings, the outer ring VELOCITY OF WIND IN MILES PER HOUR.
having 144 sails, the inner 2t 10 18 2 i

ring 100 sails, each 43 by 4.5 ' /k

by 3.5 inches, set at an
angle of 25° to the plane .
of the wheel. The upper 8

INDICATED HORSEPOWER

0.5

gearing has a ratio of 50 to
L
/% /
brake pulley is 8 inches in

diameter, the brake arm 4.75

used for shellin g an d Fra. 43.—Diagram showing horsepower of mill No. 44—
grinding corn. Four brake 16-foot Aermotor. Curves marked 3,5, 8, and 11 show

14, the lower gearing a ratio
of 53 to 26, so that the
‘horizontal shaft is geared

forward 7.28 to 1. The L {

feet long. The mean tem- J’ /

perature was 82° F., the 4

mean barometric pressure /

28.7 inches. The mill is n. ~

loads (0, 15, 5, and 5  Soi: suiotoncse vk soows i sover
pounds, respectively) were
used, also the grinder load. The results of the tests are as follows:

Results of tests of mill No. 49—22.5-foot wooden Halliday.

Number of revolutions of wind

wheel per minute at given Horsepower at given wind velocities

Loadper| wind velocities (per hour). (per hour).
Load | revolu-
on tion gf P
win o @B % % . ] @ %
brake. wheel. E = 3 = = 5 = -% = =
= =
s B 8| 8| 8 137 8B | 38| 4

Pounds.| Ft.-lbs.
0 0

1 20 25 30 3> O R ORI SN O
1.5 326 6 16 22 26 30 0.163 | 0.217 | 0.257 | 0.296
5.0 1,087 |...... 11 18 22 2 |. 0.342 0.72¢ | 0.856
[ A PRI S 8 16 22 .- SRR PR RN PRSI, s
9.0 1,956 |...... 2 10 15 19 0.118 | 0.593 [ 0.890 1126

In a 138.5-mile wind the mill ground 20 pounds of chop quite fine in
4.5 minutes. Fig. 44 shows the number of revolutions per minute of
the wind wheel for the five loads. This mill requires a 5.5-mile wind
to start it without any load, and it makes only 32 revolutions in a 25-
mile wind. This is about half as many as are made under the same
conditions by the 16-foot mill No. 44. Since the circumference of the
22.5-foot mill is 1.4 times greater than that of the 16-foot mill, the cir-
cumference velocity of the 16-foot mili is 44 per cent greater than that
of the 22.5-foot mill. The dotted curve, showing the speed of the wheel
for the grinder load, will be seen to be a nearly straight line, showing a
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constantly increasing load with increase of wind velocity. Fig. 45shows
the horsepower for three loads, also the maximum horsepower. It will
be seen that the power is small for so large a mill. The shafting of
this mill is very heavy, and the grinderis run by a belt from the main
shaft. The mill, although on a 43-foot tower, should be at least 20
feet higher. It will be seen to be a very poor mill.

VELOCITY OF WIND IN MILES PER HOUR. VELOCITY OF WIND IN MILES PER HOUR.
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F16. 44.—Diagram showing revolutions of
wind wheel of mill No. 49—22.5-foot wooden
Halliday. Curves marked 0, 1.5, 5, and 9 15
are for brake loads of 0, 1.5, 5, and 9 pounds, /
respectively; the dotted curve shows the

speed of wheel for grinder load. /
Mzll No. 50.—This. is a 12-foot —pﬂ
Monitor wooden power mill on a Fi¢. 4.—Liagram showing hor-epower of mill

No. 49—22.5-foot Halliday. Curves marked 9,
36-foot wooden tower. (See ﬁg. 5, and 1.5 pounds show horsepower for brake

46.) Ttis a sectional mill and has loadsof 9,5, and 1.5 pounds, respectively; the
96 sails, each 44 by 4.95 by 1.75 dotted line DK shows maximum horsepower.
inches, set at an angle of 34° to the plane of the wheel. - The shaft
is geared forward 3.66 to 1. The swivel gearing, which enables the
mill to turn easily and keep full in the wind, is shown in fig. 47.
The mill is used for shelling and grinding corn and pumping water.
It is in very good condition, and the wind exposure is very good.
The mill had been in use about three years. The mean temperature
during the time of test was 83° F., the mean barometric pressure 28.6
inches. '

INDICATED HORSEPOWER
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F16. 47.—Swivel gearing of mill No. 50-—12-foot wooden Monitor.

97
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The results of the tests are as follows:

Results of tests of mill No. 50—12-foot wooden Monitor.

[No. 42,

Number of revolutions of wind

wheel per minute at given
Load per| wind velocities (per hour).
Load | revolu- .

Horsepower of mill at given wind

velocities (per hour).

. 01); tion &)f . - i . . %
. & @ 0 ] . 2 @ z )
e e | S22 £ L8 228 2
2| BB | B g E g g g 8
s |22l 8|8 | »« | 8| 2 | R &
Lbs
0 44 54
L5 35 43
2 27 34
4.5 1 24

The revolutions of the wind wheel for three brake loads (0, 1.5, and
2.875 pounds) are shown in fig. 48. This figure also shows the num-

VELOCITY OF WIND IN MILES PER HOUR.

VELOCITY OF WIND IN MILES PER HOUR.

10 15 20 2 10 15 20 25
60
7
o
o 45 1oz
E Z A /
a L & /7’
g 5
B )
530 /| 7/ o E 3 /|
w / el %
% 54”7 =t
2 47 oo
g / /7 a
315 — 5.2
% ,/ 2 //5/__
5 I} a y/
! g
i
.1 £

Fic. 48.—Diagram showing revolutions of wind

wheel of mill No. 50—12-foot wooden Monitor.

Curves marked 0,1.5,22,4.5 are for brake loads _ 7/

of 0, 1.5, 2%, and 4.5 pounds, respectively. D

F1a. 49.—Diagram showing horsepower of mill

ber of revolutions for a 4.5-pound “ ¢ " 0% L wooden Monitor.

Curves

load, found by interpolation from marked 4,2}, and L5 are for brake loads of

the other results This mill will 4.5, 2z, and 1.5 pounds, respectively; dotted
- curve DK shows maximum power.

be seen to.require about a 6-mile

wind to start it without any load and to make only 64 revolutions
per minute in a 25-mile wind. The 12-foot Aermotor will start in a
4.5-mile wind and make 87 revolutions per minute in a 25-mile wind
with noload. Fig. 49 shows the horsepower of this mill for the four

loads; also the maximum horsepower.

Mill No. 52.—This is a 14-foot Challenge wooden power mill on a
45-foot, wooden tower, manufactured by the Challenge Windmill
Company, of Batavia, Illinois. (See fig. 50.) TItisasectional mill, and
has two side wheels for keeping the main wheel in the wind. The
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wind wheel has 102 sails, each 51.5 by 5 by 1.75 inches, set at an angle
of 39° to the plane of the wheel. The mill works a sheller, a grinder,
and a pump. There are two
horizontal shafts, one of
which works the grinder and
sheller, the other the pump.
The shaft that works the
pump is 12 feet long and 1.5
inches in diameter; it is
geared forward 1.5to 1. The
shaft that works the grinder
is 6 feet long and 1.5 inches
in diameter; it is geared for-
ward 15.25 to 1. The well is
a drilled well, 192 feet deep.
The lift was 180 feet, the dis-
charge 0.25 quart per stroke.
The water is pumped into a
large box, and passes to
watering troughs when
needed. The pump has a
counterweight which raises
on the downstroke and assists
in lifting the water on the
upstroke. The mean tem-
perature was 92° F., the mean barometric pressure 28.6 inches. The"
results of the tests are as follows:

F1G. 50.—Mill No. 52—14-foot wooden Challenge.

Results of tests of mill No. 52—1/-foot wooden Challenge.

Number of revolutions of wind

wheel per minute at given Horsepower of mill at given wind

velocities (per hour).

Load Per wind velocities (per hour).
Load | revolu-
on tion of iy
brake. wind
wheel.

8 miles
12 miles.
16 miles
20 miles
25 miles,
L 8 miles. |
12 miles
16 miles
Csesl t 20 miles,
25 miles

The revolutions of wind wheel per minute for loads of 0, 1, and
2 pounds are shown in fig. 51. TFor 0 load the pump shaft was run-
ning with the pump detached; the grinder shaft was not working.
When pumping the grinder was not working. When the brake loads
of 1 and 2 pounds were being used the pump shaft was not work-
ing. A curve was obtained giving the speed of the wind wheel for
no brake load with the grinder shaft working and with the pump
shaft not working. This curve nearly coincided with that for the
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pump load, showing that the friction of the grinder shaft was about
equal to the pump load. With the pump shaft working, but not
the pump, the mill will be seen to require a 7-mile wind to start it,
and it makas only 30 revolutions in a 20-mile wind. Fig. 52 shows
the horsepower of this mill.

This is a hard-running mill; there is too much friction. The side .
wheels do not respond to changes in the direction of the wind as quickly

VELOCITY OF WIND IN MILES PER VELOCITY OF WIND IN MILES PER ITOUR.
HOUR. 10 15 20 25
10 15 20 -5

/.

\

ks b +
Iy
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N

REVOLUTIONS OF WIND WHEEIL.

Fic. ol.—Diagram showing revolu-
tions of wind wheel of mill No. 52—
14-foot wooden Challenge. Curve £
marked 0is for no brake load; curve ~ -1
P is for pump load; curvesl and 2 /
are for brake loads of 1 and 2 v,
pounds, respectively. //

D~

INDICATED HORSEPOWER

< g s th » i ) F1G.52.—Diagram showing horsepower of mill No.
?’s does the .vane ,O‘I ludfler 52—14-foot wooden Challenge. Curves marked
in other mills. The wind 1 and 2 are for brake loads of 1 and 2 pounds,

exposure was very good and respectively; curve P is for pump load; dotted
e L nearly —— curve DK shows maximum power.

Mill No. 55.—This is a 12-foot Ideal power mill on a 33-foot woodén
tower. The wind wheel has 21 curved sails, each 43.25 by 16.5 by
8.25 inches, set at an angle of 32° to the plane of the wheel. The
horizontal shaft is geared forward 6.07 to 1. The mill had been in
use about four years for shelling and grinding corn. Three brake
loads were used in the test—oO0, 1.5, and 2.5 pounds. The mean tem-
perature during the tests was 92° F., the mean barometric pressure
28.7 inches. The results of the tests are as follows:

Results of tests of mill No. 53—12-foot Ideal.

Number of revolutions of wind : 5 o
- wheel per minute at given Horsepovgggiﬁigi}l)le?thig:;n wind ve
oad per|  wind velocities (per hour). i
Load on| T8VOIlL:
brake. tion of & % % @ @ = % @ @ ]
wod | § | 2| %2 2| 8 | g | 2 %) E | 3
wheel. | = |\ @ | B | B | 8 | 3 | 8 | 8 | A E
« | 3| = B 8 © 3 2 ] ]
‘ =
Pounds.“ Ft.-lbs,
0 0 25 40 51 60 B8 | anealensonan® I S (TR
15 7l (P 29 41 51 60 |z 0.239 | 0.338 | 0.420 0.:
2.5 455 ... S 32 44 L A P o 0.440 | 0.606 0.745
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Fig. 53 shows the number of revolutions per minute of the wind
wheel for the three brake loads. The mill will be seen to start in
about a 5-mile wind and to make 69 revolutions a minute in a 25-mile
wind with noload. Fig. 54 shows the horsepower for the several loads.

Mill No. 64.—This is a 12-foot Aermotor like No. 27, on a 47-foot
tower. The 12-foot Aermotor No. 27 was found to be so much greater
in power and speed than other 12-foot mills tested that we thought

VELOCITY OF WIND IN MILES PER HOUR. VELOCITY OF WIND IN MILES PER HOUR.
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Fie Diagram showing revolutionsof wind Fia. 54.—Diagram showing horsepower of mill

wheel of mill No. 53—12-foot Ideal. Curves
P No. 53—12-foot Ideal. Curves marked 8.5, 2.5,
marked 0,1.5, 2.5, and 8.5are for brake loads of 4 1.5 are for brake loads of 3.5, 2.5, and 1.5

0, 1.5, 2.5, and 3.5 pounds, respectively. pounds, respectively; dotted curve DK shows

. . maximum power.
it wise to test another of the same o

make and size under somewhat different conditions. No. 54 had been
in use about two years. Two brake loads were used—O0 and 297 foot-
pounds per revolution of wind wheel. The mean temperature during
the test was 92° F., the mean barometric pressure 29.2 inches. The
results of the tests are as follows:

Results of tests of mill No. 54—12-foot Aermotor.

N“f’;]’;ggf Ofe!’.' et]rg%ggigélsagf gvivérég Horsepower at given wind velocities
Load Per wind velocities (per hour). (per hour).
Load on| I8VO: uf-
brake. té?i%g @ % o % % @ @ % % @
wheel. | © = 5 = = 2 = g = =]
¢z &8 | E|E|%|E |8 |8 |¢H
o | B 5 54 !] ® = 2 8 ]
Pounds.| Ft.-lbs.
0 0 31 49 63 75 <14 IR [P PR R
1.7 207 ... 38 52 63 (3 . 0.834 |  0.46 0.57 | 0.68

It will be seen that the results of the tests of this mill apparently
agree closely with those of No. 27, page 86. The agreement, however,
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is not so close as it appears, since the temperature for No. 54 is much
higher. It is, however, about the same as the temperature for other
mills, so that we can still use the results found for mill No. 27 in com-
paring its power and speed with those of other mills.

COMPARISON OF POWER MILLS.

Comparison of 12-foot Ideal (No. 63) with 14-foot Ideal (No. 84).—It
must be remembered that in this and in all other comparisons no cor-
rection is made for difference in temperature and barometric pressure.
The speeds for no load and the maximum horsepowers for these mills
are as follows:

Comparison of results for 12-foot Ideal and 14-foot Ideal.

|
Number of revolutions of | gy cn .0 horse: |
ry e power at
;Vilvne‘}lwv];l?&llpgreﬂn;g‘il;’?gg given wind velocities
(per hour). (per hour).
Mill.
t|A|B|B|E|5 |8 |8 |8 |H
o 2| 2|8 |8 ||~ |2 |8 |8
12-foot Ideal 25 40 51 60 68 | 0.
14-foot Ideal 22 34 44 53 58 | 0.
Ratio of circumference
velocities (}f)...-....: 1.07 { 1.00 | 0.99 | 0.97 | 1.00 |._....

It will be seen that the useful power of the 14-foot mill is very little
more than that of the 12-foot mill, and that the circumference veloci-
ties are nearly the same for no load, where no horizontal shaft is being

- turned. In the case of the 12-foot mill the brake was on the foot
gear and there was no horizontal shaft to turn, but in the case of the
14-foot mill the brake pulley was on a shaft 15 or 20 feet long. We
believe that if the brake pulley had been on the foot gear and the
line shaft thrown out of gear, so as to eliminate shaft friction, the
mill would have shown at least 10 per cent more power. The tower
obstructs the wheel somewhat and reduces the power.

Comparison of 12-foot Aermotor (No. 27) with 1j-foot Ideal (No.
2}).—The speeds for no load and the maximum horsepowers for these
mills are as follows:

Comparison of results for 12-foot Aermotor and 14-foot Ideal.

Number of rev;olutions of
wind wheel per minutoat | METIT, RODERower ot
given wind velocities {per hour)
(per hour). pe; .
Mill.
@ ] % @ % ] @
3 2 2 - 2 3 2 2 2
5|8 8|8 8| F |8 | & |8
©x | IR |8 © 3 = ]
12-foot Aermotor ......._____. 30| 49| 63| w/| sr| 009| 03| 06| 105
14-foot Ideal ____._._..... ... 20| 34 4| 53 58 0.06| 022! 0.46| 0.74
Ratioof circumference -
velocities. (3f).-....._. 1.2911.2311.22 | 1.21 | L.28 ... P U SR,
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It will be seen that the number of revolutions-per minute of the
12-foot, mill is 50 per cent greater than for the 14-foot mill. This is
true for the lower as well as for the higher velocities, where the gov-
erning of the mill does not enter to reduce the speed. It will be seen
also that the 12-foot mill is producing from 42 to 50 per ecent more
horsepower than the 14-foot mill. The temperature was 49° higher
and the pressure 0.6 inch lower when the 14-foot mill was tested
than when the 12-foot mill was tested. The effect is to lessen the
difference between the power and speeds of the mills.

Comparison of 12-foot Aermotor (No. 27) with 16-foot Aermotor
(Vo. 44).—Attention has already been drawn to the similarity between
the speed curves of these mills (figs. 35 and 42) and between the power
curves. (The power curves for mill No. 44 are shown in fig. 43; those .
for mill No. 27 were platted, but are not published because of lack of
space.) If we compare the number of revolutions per minute for no
load, we shall see that they are to each other nearly inversely as the
diameter, or that the circumference velocities of the two mills are the
same in all wind velocities. We may ecompare the brake horsepower
and the speed as follows:

Comparison of results for 12-foot Aermotor and 16-foot Aermotor.

; : . Maximum horse-
Number of revolutions of wind :
wheel per minute at given wind %‘i’zf&exf ef‘g - ig;‘-{g‘;
velocities (per hour). (per hour).
Mill.
@ o @ ] ] o 7]
8 3 2 2 2 = < 2
= | 8 | E |8 | B | 8 | E | B
® b 2 8 8] = 3 R
12-foot Aermotor_.._..___... 30 49 63 63 87.0 0.21 0.58 | 1.05
16-foot Aermotor......_..... 23 38 48 56 64.5 0.29 0.82 | 1.35
Ratio of circumfer-
ence velocities (3§)-.{ 1.02 1.03 .02 099 099, 1.38 41} 1.48

From this it will be seen that the power of the 16-foot Aermotor is
~about 1.22 times that of the 12-foot. The ratio of the squares of the
diameters is 1.78; the ratio of the diameters 1.33. It will be seen that
the power does not increase as the squares of the diameters, as is often
stated; it increases faster than as the diameters, but more nearly as
the diameters than as the squares of the diameters.

Comparison of 16-foot Althouse wooden mill (No. 28) with 16-foot
Aermotor (No. 44).—From the following table it will be seen that the
wind wheel of No. 44 is revolving from 56 to 77 per cent faster than
the wind wheel of No. 28. The latter, however, has to overcome the
friction of 10 or 12 feet of line shafting. It will be seen that No. 44
is yielding from 70 to 167 per cent more power than No. 28. The
superiority of the steel mill over the wooden mill is very evident in
this case. :
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Comparison of results for 16-foot Althouse and 16-foot Aermotor.
. Number of revolutions of
wind wheel per Jlnix_xégte Mga'f‘;&“';lﬂn%w:esﬁo&‘;%gg
(al.)% rglllw(r)?lt; )‘.vmd velocities (per hour).
Mill.
n - =1 o - :: el o -
g g g g g g g g 2
®© = 2 8 ] ® = =) 5]
16-foot Althouse._.__.__.._.... 13 23 30 36 | 40.0 0.06 0.29 0.52 |......
16-foot Aermotor. . e 28 38 48 5 | 64.5 0.16 0.48 0.93 | 1.55
Ratio of circumference
velocities (%) || 1.77 | 165 [1.60 | 1.55 | 1.61| 2.67 | Les| 1.78[ ...

Comparison of 22.5-foot Halliday wooden mall (No. 49) with 16-foot
Aermotor (No. 44).—From the following table it will be seen that the
steel mill makes about two revolutions to one revolution of the wooden
mill, and that its power is from 41 to 167 per cent greater.

Comparison of results for 22.5-foot Halliday and 16-foot Aermotor.

Number of revolutions of
wind wheel per minute
at given wind velocities
(per hour).

Maximum _horsepower at
given wind velocities
(per hour).

Mill. . . . . . .
=| B | 8| E | g | E|E|H
© s 5 8 © 2 = |

22.5-foot Halliday - ............ 11 20 25 30 0.06 0.34 0.62 | 0.88

16-foot Aermotor......... ... 23 38 48 56 0.16 0.48 0.93 | L55
Ratio of circumference

velocities (yy0;) oo 148 1.85| 1.86| 132| 267| L41| 150| 1.7

Comparison of 12-foot Aermotor (No. 27) with 22.5—foot Halliday
wooden mill (No. 49).—Comparing the power of these mills, we have

the following:

Comparison of results for 12-foot Aermotor and 22.5-foot Halliday.

Number of revolutions of
wind wheel per minute | MO BPICRONSE o8
%gelglﬁlgx?r:vmd velocities (per hour).
Mill.

. @ % o . @ % @

g | = 2 = & = = =

5|8 | 8 B |3 | B |8 |E

< kK g ] © 3 = R
12-foot Aermotor. cooa........ 49 63 75 0.09 0.33 0.66 | 1.05
22.5-toot Halliday ._.......... 11 20 25 30 006 0.32| 0.63]| 0.94

Ratio of circumterence

velocities (2% vl 148 1.81| 13¢| 132| Ls0| 1.08| 105 112

It will be seen that this 22.5-foot wooden mill does not furnish as
much power as a good 12-foot steel mill.
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Comparison of wooden power mills.—Of the mills in the following
table the 12-foot has the least friction; the tower being in front of the
windmill obstruets the wheel and reduces the power. The 14-foot
mill probably has more friction than the others. The 16-foot Irri-
gator has too few sails; with more sails the power could probably be
increased 75 per cent or more.

Comparison of results of tests of wooden power mills.

Number of revolutions of
wind wheel per minute | Horsepower at given wind
at given wind velocities velocities (per hour).
(per hour).
Mill -
= |8 |&|E|8| 3 | 8 | & | H
o | R | S| R |8 ® k| =2 &
12-foot Monitor (No. 50). 16 33 “ 54 64 0.02 0.10 0.23| 0.38
14-foot Challenge (No. 52)-... 7 18 25 80 {.e-n... 0.01 0.10 0.25 | 0.42
16-foot Althouse (No.28)..... 13 23 30 36 40 0.06 0.29 0.52 | 0.84
16-foot Irrigator (No. 30) _____ 12 25 32 41 #“ 0.02 0.16 0.30 | 0.4
22.5-foot Halliday (No.49).._.] 11 20 25 30 |.-.oe- 0.06 0.32 0.63 | 0.94

It will be seen that the 16-foot mill (No. 28) is furnishing from 2.2
to 2.9 times more useful power than the 12-foot mill (No. 50). It will
also be seen that the
power of this 16-foot mill
compared with that of 90
the 12-foot mill increases
faster than as thesquares
of the diameters, while 75
the power of the 22.5-foot
mill compared with that
of the 12-foot mill does
not increase as fast as the
squares of the diameters,
and the power of the 22.5-
foot mill compared with
that of the 16-foot mill
does not increase as fast
as the first power of the

VELOCITY OF WIND IN MILES PER HOUR.

5 10 15 20 25

60 /

45

IR/ %

REVOLUTIONS OF WIND WHEEL.

diameters.
Comparison of 12-foot 15
Monitor wooden  mall /
« (No. 50) with 12-foot Aer- /
motor (No. 27) and with bl i : ,
12—f00t Ideal (NO. 53).— FI1G. 55.—Comparative diagram of revolutions of wind

: x . wheels of mills Nos. 50, 53, and 27. Curve aa’ is for 12-foot
Flg - 55 shows the speed, Aermotor; bb’is for 12-foot Ideal; cc’ is for 12-foot Monitor.

in revolutions, of the

wind wheels of these mills for no useful load. The friction 1s small in

each case. The Monitor has a swivel gearing, and the Ideal has a ball
IRR 42—01
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gearing to carry the weight of the shaft, both of which reduce the
friction. It is fair to say that the friction load of the Aermotor is at
least as great as that of the other mills. It will be seen that the speed
of the Ideal is noticeably greater than that of the Monitor; and that
the speed of the Aermotor is much greater than that of the Ideal,
especially for high wind velocities. This is the reason the Aermotor
is 80 much more powerful than other mills. It revolves much faster,
and the power is directly proportional to the Speed But why is its
speed greater for the same load?

Comparison of results Sfor 12-foot Monitor, 12-foot Ideal, and 12-foot Aermotor.

Number of revolutions of
wind wheel per minute | Horsepower at given wind veloc-

Load at given wind velocities ities (per hour).
per rev- (per hour).
Mill. olution -
Shedls | 3 E 818 g 388 8
%| 8 8|8 BE|F |8 |E| &8 H
s 3|2 |8 |8 | = | 2|8 |8 |8
7777 |
Ft.-lbs,
16 33 44 54 17 S PN PR BN BRSO P
12-foot Monitor 35 43 52 0.156 | 0.189
27 34 0.324 | 0.381
0 P 51 60 [17: 20 IR RS U (RPN P,
12-foot 1deal . .. L1 2 I— 49 41 51 60 0.420 | 0.500
455 | |o.. 32 0.606 | 0.745
0 29 63 5 -1 (0 PSRRI PRSRN PRSI PRI DU
12-foot Aermo 222 16 43 57 70 81 0.458 | 0.523
tor ... 44 | 23 48 17 0.890 | 1.020
666 | .. __|.._... 12 50 72 1.028 | 1.451

The dimensions of the principal parts of the wind wheels of these
mills and the mean temperature and pressure when the tests were
made are as follows:

Dimensions of principal parts of mills Nos. 50, 63, and 27.

T I
Mean ‘
Num- i
: : Angle Mean baro-
Mill. 1())%1' Dlé?%g?;gns o% Gearing. | temper | metric
sails. g sails. ature. | pres- |
sure. ,
|
Inches. ° ° F. Inches.
12-foot Monitor (No. 50)_.___ 96 4 x 41x13 34 3.66:1 83 28.6
12-foot Ideal (No. 53) ... ..._ 21 431x164x8} 32 6.07:1 92 28.7
12-foot Aermotor (No. 27) . 18 44 x18§x73 31 6.00:1 46 25.9 ‘
|

The temperature when the 12-foot Aermotor was tested was much
lower than when the other two mills were tested, but, as already ,
stated, the temperature when Aermotor No. 54 was tested was 92° F.,
and it showed a speed and power about the same as Aermotor No. 27;
so we may leave this difference in temperature out of account.

It will be seen that the Monitor is not geared forward as much as
the other two, but this does not affect the speed for no load. The
sail angle is about the same for all, also the length of sail; but the
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number of sails and the width are quite different. The Aermotor has
few sails, but of large size; the Ideal has more and spmewhat smaller
sails; the Monitor has many small sails, and its tower is located in
front of the wind wheel. Its sails are plane, instead of curved, all of
which tends to decrease its power.

Fig. 56 shows the curves of maximum horsepower. It will be seen
that the difference between the horsepower of the Aermotor and that
of the Ideal is about the same as the difference in their speeds for the
same wind velocity, but

. VELOCITY OF WIND IN MILES PER HOUR.
the difference between

5 10 15 20 2
the power of the Mon- Lt >
itor and that of the Ideal
is much greater than the ?

correspondipg difference Lo
in their speeds. The
wooden mill, therefore,
not only has a less speed
at a given wind velocity
than the steel mill, but
it earries a proportion-
ately less load. For ex-

e
ample, in a 20-mile wind / /
a load of 120 foot-pounds ) ’ _
per revolution reduces 4
the speed of the Monitor /
from 54 to 43 (or 11) 0.4
revolutions per minute, //
while in the case of the

Aermotor a load of 220 )25

fOOt-pOllndS (about 80 Fic. 56.—Comparative diagram of horsepower of mills Nos.
. 50,53, and 27. Curve aa’ is for 12-foot Aermotor; bd’ is for

per cent greatel ) reduces 12-foot Ideal; cc¢’ is for 12-foot wooden Monitor.

the speed from 75 to 70

(only 5) revolutions per minute. In the case of the Ideal a load of
272 foot-pounds per revolution (2.3 times the load of the Monitor)
reduces the speed from 60 to 51 (or 9) revolutions per minute.

o
o

~

INDICATED HORSEPOWER.
=1
3

COMPARISON OF PUMPING MILLS WITH POWER MILLS.

Comparison of 12-foot pumping mall (No. 8) with 12-foot power myill
(No. 27).—The load per stroke of No. 3 (see page 30, Part I) is 415.3
foot-pounds. The wind wheel makes 3.3 revolutions to 1 stroke of
‘the pump, so that the load per revolution of wind wheel is 124.5 foot-
pounds. This is less than the smallest load used in testing No. 27, viz,
222 foot-pounds per revolution. A diagram was platted showing the
useful work, in horsepower, of these mills for these loads. The curve
for the pumping mill was seen to start with a little less wind velocity
than that of the power mill, indicating a somewhat less total load.
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Comparing the ordinates of these curves for different wind velocities,
the following ratios were obtained, which give, approximately, the
pump efficiency, no allowance being made for difference in temperature
and pressure:
8 12 16 20 25 30
0.60 0.58 0. 54 0.54 0.58 0.58

The mean of these ratios is 0.56. If the useful load of the pumping
mill had been somewhat greater, so that the mills would have started
at the same wind velocity, the ratio, or pump efficiency, would be
about 60 per cent, which is about what might be expected of this pump
under this lift. The ratio of the useful loads is 125+-222—0.57. This
ratio would probably be about 0.60 if the loads were such that the
mills would start at the same wind velocity.

Comparison of 16-foot pumping Aermotor (No. 9) with &-foot power
Aermotor (No. 44).—The useful load of No. 9 (see pages 36 to 37,
Part I)is 1,013 foot-pounds per stroke of pump, or 304 foot-pounds per
revolution of wind wheel. The smallest useful load of No. 44 is 528
foot-pounds per revolution of wind wheel. A diagram was platted
showing the useful horsepower of these mills for these loads. For this
particular load (1,013 foot-pounds) the pumping mill was seen to start
at a somewhat less wind velocity than the powermill, indicating that the
total load of the pumping mill was somewhat less than that of the power
mill. The ratio of any two of the ordinates gave, approximately, the
pump efficiency for that wind velocity, the difference in temperature
and pressure being neglected.

These ratios for four velocities are as follows:

12 16 20 25
0.72 0.67 0.69  0.63

If the pump load had been somewhat greater—such that the mills
would start at the same wind velocity—the mean ratio would be about
70 per-cent. This, again, is about what is expected for the efficiency of
this pump, which is somewhat better than mill No. 3 and has a higher
lift. The ratio of the useful loads of these mills is 304 + 528 = 0.57.
This ratio would probably be about 60 per cent if the mills started at
the same wind velocity.
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It is interesting to compare the performance of these mills still
further. The speeds of the wheels and the horsepowers are as follows:

Comparison of results for 16-foot pumping Aermotor and 16-foot power Aermotor.

Number of revolu-
tions of vzind wheel Horse(}l)owelr a% gi g en
‘ per minute at given wind velocities (per
wind Ve]OclgéiBS hour). Lo:}d
. (per hour). romolu-
Mitl. tion of
@ @ @ @ ] )] o @ wind
2222 ] 2 2 & | wheel
g g g8 g g g ! g
T 12|88 3 g ] 8
Ft.-lbs.
16-foot pumping mill (No.9).| 31 42 52 59 | 0.325 | 0.433 | 0.548 | 0.601 0. 304
16-foot power mill (No.44)._.| 28 41 50 58 | 0.45 |0.65 |0.80 | 0.95 0.528
Ratio of pump power to mill*
POWeT . oo ei i e e men e e 0.72 | 0.67 [0.69 |0.63 0.58

It will be seen that the wind wheel of the pumping mill is making
from one to two more revolutions per minute than that of the power
mill.

Comparison of 22.5-fool pumping mill (No. 86) with 22.5-foot power
mill (No. 49).—In this comparison we will use the curve of 5 pounds,
or 1,087 foot-pounds, per revolution of wind wheel as the speed for
this load, corresponding more nearly with that for the pump load
than any other. The speeds of the mills and the horsepowers are as

follows:

Comparison of resulls for 22.5-foot pumping mill and 22.5-foot power mill.

Number of revolu- .
tions of wind wheel | Horsepower at given
per minute at given wind velocities (per Load

\(;vindh ve)locities hour). per
. per hour). revolu-
Mill tion of
% @ @ ] % I 3 % wind
2|2 2|2 | = | & | = | = | Wheel
g g g g g g8 1 8 &
38| (8|8 |23 |8 |8
Ft.-lbs
22.5-foot pumping mill (No. 36)..| 12 17 20 241 0.090 | 0.124 | 0.150 182 0. 248
22.5-foot power mill (No.49)_.___| 11 18 22 26 10.842 [ 0.593 | 0.724 | 0.856 1.087
Ratio of pump power to mill
0.26 |0 . 20 0.23

The efficiency of the pump is, therefore, not more than 22 per cent.
The ratio of useful loads is 22 per cent. (For description of pumping

mill No. 36, see pages 52 to 53, Part I.)
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EFFECT OF TENSION OF SPRING ON SPEED AND HORSEPOWER
OF MILL.

The effect of tightening the spring which holds the wind wheel of
mill No. 18 in the wind has been shown on page 44, Part I. The effect
of a reduction in the tension of the spring of the 16-foot power mill

(No. 44) is shown in fig.57. The

VELOCITY OF WIND IN MILES PER HOUR. curve aa! iS fOl‘ no 10ad a;nd t}le

10 15 20 2 . .
75 spring new and stiff. The curve
aa'’ is for the same load (none)
22| and spring after the mill had
60 been out of use about eight
months. It will be seen that

@&
%/; these curves coincide up to a
= | wvelocity of about 10 miles an

45
hour, after which they separate

/ rapidly. In a 25-mile wind the
30 A number of revolutions of the
/ wind wheel per minute has been

reduced from 64.5 to 54 by the

REVOLUTIONS OF WIND WHEEL.

15 - / decrease in the tension of the

spring. The curve bb’' is for a

Lo s 3-pound brake load with relaxed

- spring. It will be seen to be

F1G. ?7.—Diag.ra.m siowing effect of tension of nearly parallel to the curve aa/"
spring of mill No. 44—16-foot Aermotor. Curve ¢ o

aa’ is for no load, spring new and stiff; aa’’is showmg that the effect of the

for no load, spring relaxed. mill having beenout ogd when the spring is relaxed

of use eight months; b’ is for 3-pound brake . . . o, .

load with relaxed spring. is similar to that when it is taut.

o ‘We see how important a faetor

tension of spring is on the power of a mill. It also shows that if a

spring is to be used in place of a weight there should be some easy

way to change its tension.

MATHEMATICAL DISCUSSION OF TESTS OF TWO AERMOTORS.

In this discussion the wind velocities are those found by the use of
the Robinson cup anemometer. A comparison of these velocities with
true wind velocities will be given later. The Aermotors are selected
for this discussion because their power is greater than that of any other
form of mill that we have tested, and because their speed and power
curves are derived from a greater number of observations than those
of any other mill.

Discussion of tests of 12-foot Aermotor (No. 27).—The curves showing
the number of revolutions of wind wheel (called speed curves) of this
mill for four brake loads are given on page 88—fig. 35. Each of these
curves is seen to resemble a parabola the axis of which is the z coor-
dinate axis on which the wind velocities are marked. Each of these
has the form 4* = ¢ 4 bz, in which « is the wind velocity in miles per
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hour, y the speed of wind wheel in revolutions per minute, and a and
b constants. For the curve of no load (0) we have y = 50 when x = 12,
and y = 75 when £ = 20. Hence we have

50° = a + 12b, and
75% = a + 20b.

‘Solving these, for @ and b we have a =— 2,187 and b = 391; and the
equation of the curve is

Y= — 2,187 + 391x. (1)

For the speed curve of 2 pounds we see that y =43 when « =12, and
that ¥y = 70 when « = 20. Hence we have

43* = a + 12b, and

702 = a 4 200b.
Solving these, we have a = — 2,728 and b =381; and we have the
equation of this 2-pound curve
Y= — 2,728 + 381u. (2)

Proceeding in a similar way, we have for the equation of the 4-pound
curve .
Y? = — 4,384 + 424:r. (3)
For the equation of the 6-pound curve we have

y? = — 9,400 + 595z. (4)

The speed as determined by measurement and as found from these
aquations for several wind velocities is shown the following table.

The starting velocities are found by making ¥ = 0 and solving for «
in equations 1 to 4.

Table showing revolutions per minute of 12-foot Aermotor (No. 27) under differcrc
loads and at different wind velocities.

No load. ; 2-pound load. | 4-pound load. ! 6-pound load.

| Wind velocity per hour. .
1 Meas- | Com- [ Meas- | Com- | Meas- | Com- | Meas-| Com-
! ured. |puted.| ured. |puted.| ured. |puted.| ured. | puted.

8Smiles.._......... 30 30 16 % 2 DR DU B PR
12 miles....._.__.. 49 50 43 43 23 7 |.o... S
16 miles _.._ . __._. 63 64 57 58 48 49 12 10
20 miles ... _..._. 75 75 70 70 65 64 50 50
25 miles._........ | 87 87 81 82 ia 78 72 74
Starting velocity ..| 4.5 5.6/ 7.0/ 7.1] 10.2 10. 3l 15.3/ 15.8

If the origin of coordinates for equation 1 be moved to the point
where the curve crosses the axis of x, the equation will then be of the
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form y*=391x', from which we have y-— v391x'; that is, the speed
for a constant load increases as the square root of the wind velocity.

The close agreement between the measured and computed. speeds,
especially for the curve of no load, is noticeable. The measured and
computed starting velocities differ somewhat. This was expected,
since it is difficult to get the starting velocities from observation.

Hereafter in this discussion the computed instead of the observed
speeds and starting velocities will be used. It must be remembered,
however, that these are not what may be called theoretical results.
They are obtained from measurements, not from theory, and are the
adjusted values of the observed quantities.

The power curves for this mill for three brake loads were platted, but
are not published because of lack of space. The curves are parab-
olas with their axes horizontal. This follows at once from the fact
that the corresponding speed curves are parabolas. The power is
proportional to the product of the load and speed. When the load is
constant, as it is for one of these speed curves, the power varies as the
speed, and hence the load curves are parabolas.

The equation of any one of the curves—as, for example, the 2-pound
curve—may be found as follows:, The formula for horsepower is
H.P. =27z Rul = 33,000, R=235.5+12and L=2. Hence H.P. =
2x22+7x%x6x%35.5x%X2Xu+12 X 33,000 =0.0067u = Ku where K
= 0.0067.

In the speed equations « is what we have called y, and y = — 2,728
+ 381x. Hence—

HP =Ky= KJ—-Z 728 + 381z, and
(H.P.) = K?(— 2,798 + 381x) = — 0.1225 + 0.017z. (5)

In the diagram of power curves, platted but not reproduced here,
the curve of maximum power was found to resemble a parabola the
axis of which was vertical with its vertex on the y coordinate axis below
the origin. The form of its equation is 2> = a 4 by, « being the wind
velocity, in miles per hour, 4 the horsepower, and a and b constants.
For« =35, y =0, and for x = 20, y =1.05. Substituting these values
in the above equation we have: 25 = a, and 400 = a + 1.05b. From
these we have: @ =25, b = 357, and the equation of the maximum

power curve is—
x? = 25 4 357y. (6)

For x =35, 10, 15, 20, and 25, y has the values 0, 0.21, 0.56, 1.05, and
1.69, which agree closely with those taken from the curve.

For the mill to yield the greatest amount of power possible the load
should increase as the wind velocity increases. In an 8.5-mile wind

a 2-pound load gives the maximum power; in a 14-mile wind a 4-pound
load gives the maximum power, and in a 21-mile wind a 6- pound load
gives the maximum power.

‘We wish to determine how the load and speed of the mill vary with
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the wind velocity for the curve of maximum power. The load curves
were found to be tangent to the curve of maximum power for loads
and velocities about as follows: The 0 curve is tangent at « =35, the
2-pound curve at « = 8.5, the 4-pound curve at £ =21. For a con-
stant increment of 2 pounds in the load the inerement of wind veloeity
changed from 3.5 miles to 7 miles. Hence the veloeity increases
faster than the loading. For each of these four points on the curve
the load and horsepower are known. - Hence we can find the number
of revolutions from the equation—

H.P.=2x7nXx R x 6 x4 x L= 33,000. (7

The wind velocities, loads, powers, and speeds for these four points
of tangency are as follows:

Data regarding points of tangency of power curves with curves of maximum power
of Aermotor No. 27.

Wind velocity per hour. Load. Horsepower. I;‘gz %‘;ﬁﬁ’&?
Pounds.

S5miles_ ... .._....... 0 0 . 0

8.5 miles. e 2 0.13 19

14 miles._ —— s 4 0. 50 38

2lmiles....____..__.. 6 1.15 57

The speeds, in revolutions, as here given are platted in fig. 35, giv-
ing the curve P¢), which is the speed curve for maximum power. The
proper load for maximum power can now be found for any wind veloe-
ity from equation 7, the speed being taken from this speed curve.
The ratio of the speed at maximum load to the speed at 0 load, for
the wind velocities 10, 15, and 20 miles an hour, is 0.63, 0.70, and 0.74,
respectively, showing quite an increase. The following table gives
additional information in regard to speed and load for the curve of
maximum power:

Data regarding speed and load for curve of maximum power of Aermotor No. 27,

Load per
Wind velocity |revolution tmdu;' L—1L. s 8. LS. L§ - 2,
per hour. oé ]?elgf minu%g. 8—8 S L/s. A
Pounds.
5 miles_... 0 (2 DR P, SR
10 miles._... 2.1 25 2.1 25 52.5 52.5
15miles. ... 4.0 41 1.9 - 16 | 160.4 | 107.9
20 miles. ... 5.9 55 1.9 14 324.5 164.1

The fourth column gives the differences between the successive
- loads, or the increments of loading. These are seen to decrease some-
what, showing that the load does not increase quite as fast as the
wind velocity. The fifth column gives the differences between the
suececessive speeds, and shows that the speed does not increase quite
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as fast as the wind velocity. The sixth column gives the products of
the loads and speeds, which is proportional to the horsepower. The
seventh column gives the increments of horsepower, the eighth col-
umn the difference between the figures in the seventh column. These,
being nearly constant, show that the curve of maximum power is of
the second degree.

The following table contains additional interesting information in
regard to the speed of this mill:

Data in regard to speed of mill No. 27—12-foot Aermotor.

. Ratio of cir- | Revolu- Ratio of
Revolu- Circumfer- A
s . r A cumference | tions per speed at
Wind velocity per | tions per |enge volocity.| Yelocity'to | minute at | maximam

' > *  |wind velocity,| maximum | load to spee
no load. no load. no load. v load. at no load,

Smiles._.... 30 12.9 1.61 17 0.57
12 miles_____. 49 21.0 1.75 32 0.65
16 miles____.. 63 27.0 1.70 44 0.70
20 miles. .. __. 75 32.1 1.60 54 0.72
25 miles... ... 87 37.3 1.50 [ D

The results obtained from this 12-foot mill may be stated as follows,
in terms of cup anemometer velocities:

(1) The speed of the wheel for a constant load varies as the square
root of the wind velocity. ' '

(2) The speed of the wheel for maximum load increases slightly
faster than the first power of the wind velocity.

(3) The power of the mill for a constant load varies as the square
root of the wind velocity. ’

(4) The maximum power of the mill varies as the square of the
wind veloeity.

(5) The load for maximum power does not increase quite as fast as
the wind velocity.

(6) The ratio of speed for maximum load to the speed for no load
increases somewhat with the wind velocity.

Discussion of tests of 16-foot Aermotor No. 44.—The speed curves
for this mill are shown in fig. 42. They are seen to resemble the
parabolas with horizontal axis. The equation of each has the form
y*=a+bzx, y being the speed in revolutions per minute, x the wind
velocity in miles per hour, and ¢ and b being constants for any curve.
We see that for x=12, y=38, and that for £=20, y=56. Hence we
have '

38°=a+12b, and
56°=a-200.

Solving these equatioﬁs, we have a=—1,094, b=211.5, and the equa-
tion of the no-load speed curve is

y=—1,0944211.52. (®)
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Proceeding in a similar way, we have for the equation of the 3-pound
load speed curve

9?=—1,790+214.5z. (9)

For the 5-pound load we have
yr=—2,3044212x. (10)

For the 8-pound load we have
yP=—2,7T154197. (11)

The speed and starting velocities as computed from these equations
and as found by measurement are as follows:

Speed and starting velocities for 16-foot Aermotor No. 44.

' No load. 3-pound load. | 5-pound load. | 8-pound load.

‘Wind velocity per hour.
Meas- | Com- | Meas- | Com- | Meas- | Com- | Meas- | Com-
ured. |puted.| ured. |puted.| ured. |puted. | ured. | puted.

Smiles. ._....._..1R3.0 24,0 . __|.____| ... ORI PO e
12 miles_______.__. 38.0 | 38.0 1 28.0 | 28.0 131 15.0 |.____. oo
16 miles .----|48.0 | 48.0 | 41.0 | 40.0 33 1383.0]16.0 | 20.0
20 miles. .. ... ... 56.0 | 56.0 | 50.0 | 50.0 44 | 44.0 | 86.0 | 85.0
25 miles__. __._... 64.5 65.0 | 59.0 | 60.0 54 | 54.0 | 47.0 | 47.0
Starting velocity..| 4.5| 5.1 | 8.0 8.3 11 110.9 | 14,6 | 138.8

The computed values are seen to agree closely with the measured
values, so that these speed curves are parabolasof the form y=+/a4bzx.
The power curves shown in fig. 43 are parabolas of this form for the
reason given for the corresponding case of the 12-foot Aermotor. The
curve of maximum power to which these power curves are tangent is
a parabola with its axis vertical. Its equation hasthe form a*=a-by.
We may obtain the data for finding the value of ¢ and b by observing
that when =10, y=0.30; and that when x=20, y=1.55.

We have
10°*=@¢+0.30b, and
20*=u+1.55b.

Solving these, we have a=28, b=240, and the equation of the curve is
| 2=984240y. (12)

The values of y for four values of x are x=8, y=15; =12, y=0.48;
=16, y=0.95; and =20, y=1.55. It will be seen that these values
agree closely with the measured horsepower for these velocities. By
making =0 in equation 12 we have y= —0.125. The vertex of this
maximum power curve is at a distance 0.125 below the axis of x. If
the origin of coordinates be changed to this point, equation 12 will
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take the form x*=K y', KX being a constant and ' the horsepower
referred to the new origin. Hence we see that the maximum horse-
power varies as the square of the wind velocity.

To find the variation of the speed and load for this curve DK, we
notice that the 3-pound curve is tangent at £=10.5, the 5-pound curve
at x=14, the 8-pound curve at £=19, and the 11-pound curve at x=24.
The horsepower is known at these points, so that the speed can be
found from equation 7. '

The wind veloecity, load, horsepower, and speed for each of these
points are as follows:

Data regarding poinis of tangency of power curves with curves of maximum power
of Aermotor No. 27.

Wind velocity per hour. Load. Horsepower. 13:1‘,7 g}g{ﬂg
Pounds.
Smiles. . ..o . 0 0 0
10.6miles ... ... ... .. ... 3 0.33 21
4miles...... .. . . ... 5 0.70 26
19miles. ... ... ... ... 8 1.40 33
Rdmiles . ... ... ... 11 .17 37

The speeds here found are platted in fig. 42, giving the curve PQ),
which gives the speed of the wheel for the maximum load. This curve
is seen to be a nearly straight line for velocities above 9 or 10 miles
an hour. Hence we may say that the speed increases as the first
power of the wind veloeity for maximum power.

The load for any wind velocity can now be found from the formula
H.P. = 1—3————;?0%101' » the speed being taken froln the speed curve Pg.
Or the loads can be measured from the load curve RS, fig. 42. This
load curve (RS) for maximum power is seen to be a straight line, show-
ing that for wind velocities above 9 or 10 miles an hour the load for
maximum power varies nearly as the first power of the wind velocity.

The following table contains some interesting facts in regard to the
working of this mill:

Data in regard to speed of mill No. 44—16-foot Aermotor.

No load. Maximum load.
Ratio of
speed at
Ratio of Ratio of | maxi-

‘Wind velocity

Circum- | circum- Circum- | circum- | mum

per hour. Revolu- | Forence | ference | ESVOIU | forence | ference | load to
tionsper : A tionsper < :
minute. | Yelocity | velocity | 30 o8 o velocity | velocity | speed at

in miles. | to win in miles. | to wind | no load.
velocity. velocity.

8 miles...__. 23 13.2 1.67 15 8.6 1.08 0.65
12 miles..___. 38 Q.7 1.81 23 13.2 1.10 0.61
16 miles_____ 48 7.4 1.71 29 16.6 1.04 0.60
20 miles. ... _. 56 32.0 1.60 34 19.4 0.97 0.60
25 miles.__. .. 64 36.6 1.46 38 21.6 0.86 0.60
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It will be seen that the ratio of the circumference velocity of the
wheel to the wind velocity increases to 12 miles an hour and then
decreases. In a 12-mile wind the circumference of the wheel is mov-
~ ing 1.81 times faster than the wind that drives
it. It will be seen also that the circumference
velocity of the wheel when carrying the max-
imum load is about equal to that of the wind
that drives it, and that the speed of the wheel
when carrying a maximum load is about 39 per
cent less than its speed when carrying no use-
ful load.

ACTION OF AIR ON THE SAIL OF AN AER-
MOTOR.

It is not our purpose to discuss this action
from a theoretical point of view, but to explain
it from the observed and computed results of
the 16-foot Aermotor. Fig. 58 shows the con-
cave surface of one sail of a 16-foot Aermotor in
a nearly horizontal position as it moves down-
ward; w represents the velocity of the wind, and
v the circumference velocity of the sail. The
curve JAE, fig. 59, shows the outer end of the
sail, and 7o, in fig. 60, shows the inner end. The

cords of these arcs,

or the plane of the
sail,makesanangle

(JOP) of 30° with

the plane of the

‘wheel. The point

E, fig. 59, repre-

sents a particle of
- air as it comes in

contact with the

sail when the wheel is carrying its best

load; KEF represents the velocity of the

wind, FH the velocity of this point of the

sail; then K, the other side of the paral-
~X lelogram constructed on KH and EF, is
the velocity of this particle of air over the
/ sail; K/ G is not tangent to the sail. The
point A represents a particle of air as it
comes in contact with the moving sail,
when the mill is carrying no load; AC
represents the relative velocity of the particle of air. It will be seen
that the air does not enter the sail tangent to it, but more nearly
tangent for best load than for no load.

L]

F16. 58.—8ail of 16-foot Aer-
motor

O T

F1a. 59.—Outer end of sail of 16-foot
Aermotor.
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In fig. 60 ¢ represents a particle of air as it strikes the inner end of
the sail when the mill is carrying no load, and o represents a particle
of air as it strikes the inner end of the sail when the mill is carrying
its maximum load. It will be seen that the air does not strike the sail
tangent to it at any place for any load, but that it is most nearly tan-
gent at the outer end of the sail at maximum load. In order for the air
to enter the sail tangent to it at maximum load, the angle POJ should
be a little greater than 30° at the outer
end, and considerably greater than 30° at
the inner end. As the load is decreased
the angle POJ should be decreased.

USEFUL WORK OF TWO POWER MILLS
—_—
IN A GIVEN TIME.

[

We can find the useful work of the 12-

foot and the 16-foot Aermotors in a year,

as we have for two pumping mills (pp. 69—

71). For this purpose we will use the

130, mean wind movement at Dodge, Kansas,

[ from 1839 to 1893, as given by Mr. Willis

v L. Moore, Chief of Weather Bureau.!

Fia. $0—tnmer end of sail of 16-foot  7he mean number of hours per month

that the wind velocity was 0 to 5, 6 to 10,

ete. miles an hour at this place is given in the following table, also

the mean horsepower of these two mills for each month. The num-

ber of horsepower hours for each mill each month is given at the

bottom of the table. The horsepower hours for any month are

found by multiplying the number of hours by the horsepower and
adding the products.

I
|
|
|
f
|
!
I
|
)

Table showing useful work of 12-foot and 16-foot Aermotors in a year,

Mean wind movement at Dodge, Kansas, Horsepower
1889-1893. hours.
. | Total
Month. h
0 to 5 |6 to 10[11 10 15|16 to 20[21 10252610 30| 31+ [TOUTS12foot | 16-foot
miles.| miles.| miles.| miles.| miles.| miles.| miles. mill. | mill.
Hyrs. | Hrs. | Hrs. | Hrs. | Hrs. | Hrs. | Hrs.
January . 200.9 | 253.0 | 156.2 | 74.4| 37.2 | 14.9 7.4 744 | 250.5 | 358.0
Februar, 176.0 | 230.1 | 128.6 | 74.4 | 40.6 | 20.3 6.8 677 | 251.6 | 36L.5
March 126.5 | 208.3 | 178.6 | 119.0 | 59. 29.8 | 22.3 744 | 386.6 | 558.9
April . (| 115.2 | 172.8 | 158.4 | 115.2 | 72.0; 43.2 | 43.2 720 | 461.2 671.3
ay.. 119.0 | 193.5 | 171.1 | 119.0 | 74.4 | 37.2 | 29.8 44| 433.9( 629.4
June _ 122.4 | 187.2 | 136.8 | I 86.4 | 50.4 | 28.8 720 | 452.0 | 658.2
July ... 141.4 | 215.8 | 178.6 | 119.0 [ 59.5 | 22.3 7.4 744 | 339.8 | 489.3
August .__... 178.6 | 230.6 | 156.3 | 96.7 | 59.5| 14.9 7.4 744 | 297.5 | 427.6
September .. 165.6 | 180.0 | 151.2 | 93.6 | 72.0| 36.0| 21.6 720 | 319.6 | 550.5
October._._.. 208.3 [ 230.6 | 141.4 | 74.4| 52.1 | 2.3 | 14.9 744 | 204.0 1 423.5
November. .. 194.4 | 266.4 | 129.6 | 64.8 | 36.0 | 14.4 | 14.4 720 | 24491 3850.9
December .........| 186.0 | 267.9 | 141.4 | 81.8 | 44.6 | 14.9 7.4 T4 | 262.2 | 3746
Mean .__......_._. SV PRSI BN P JERRIN (RO SN S 337.8 | 487.8
[ebehhed bl
Horsepower 16-
foot mill .. _____.|.. ... 0.13| 0.56 | 1.25 | 2.00 b 70 T T (NN PRSP PR
Horsepower 12-
footmill . __.___ | ___.__ 0.10 | 0.41| 0.85| 1.86 2.12 JRSRIR P Y

1Some Climatic Features of the Arid Region, by Willis L.. Moore. Washington, 1896.
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The work done by these mills is greatest at this place in -April
(461 horsepower hours for the 12-foot and 671 horsepower hours for the
16-foot) and least in November (245 horsepower hours for the 12-foot
and 351 horsepower hours for the 16-foot). The mean monthly power
is 338 for the 12-foot mill and 488 for the 16-foot mill. Stating these
results in another way, we may say that the 12-foot mill at this place
will furnish on an average 1.3 horsepower 10 hours a day for 26 days
a month, and the 16-foot mill will furnish 1.9 horsepower 10 hours a
day for 26 days a month. It must be remembered that the wind
velocity on the Great Plains is considerably greater than in the east-
ern part of the United States, and that consequently the horsepower
hours of these mills when used in New York State, for example, will
be considerably less than those given in the foregoing table.

MATHEMATICAL DISCUSSION OF TESTS OF JUMBO MILL NO. 55.

On page 46 we have given the results of tests of a 15.5-foot Jumbo
mill working two 6-inch pumps. In order more fully to deter-
mine the power of this mill and its variation with the number and
size of the sails, we have had constructed mill No. 55, shown in
PL XVI, B. It is made of wood, the parts being fastened together
with bolts. The diameter is 7.75 feet; length of sails, 114 feet. There
are 8 sails, each made of two boards 114 feet long and 8 inches wide.
There is no governor or other method of regulating the speed of the
mill at high wind velocities, as in other mills, but there is a large door
or shield on each side. By opening these the mill may be stopped.
The mill is not fastened to the ground, but may be moved around by
hand so that the wind strikes the sails at right angles. The shaft is
4 by 4 inches and 14 feet long, carefully turned down in a lathe to a
diameter of 3 inches near each end. The friction brake is of wood,
has an arm about 34 feet long, and is made so as to fit on the end of
the shaft. Oil was freely used on the brake. It wasnot found practi-
cable to use loads greater than about 6 pounds on a 35-inch arm, as
the friction burned the shaft; but the results for the four loads used
showed that up to the maximum load the speed of the wheel, or the
number of revolutions per minute, varies directly as the load, so that
we can easily compute the load and speed for maximum power in any
wind velocity. The weight of the wheel with its 8 sails was about 450
pounds. The coefficient of axle friction for well-oiled yellow pine is
probably about 0.10, so that the axle friction was about 45 pounds.
This weight (45 pounds), acting with a 14-inch arm, is equivalent to
about 2 pounds applied on the brake with a 35-inch arm. The friction
on starting is probably 50 to 100 per cent greater than the friction of
motion. The 0 brake load then really corresponds to a brake load
of 2 or more pounds.

Four sets of tests were made of this mill, numbered 1, 2, 8, and 4.
In the first set the full sail area of 8 sails, each 114 feet by 16 inches,



120 THE WINDMILL. [No. 42.

was used. The number of revolutions of the wheel for the four brake
loads of 0, 1.75, 2.5, and 4.5 pounds was determined for velocities from
7 to 22 miles an hour. In the second set of tests there were 8 sails,
each having an area of 114 feet by 8 inches; that is, each sail was
only half as wide as those used in the first set of tests. In the third
set of tests the sail area consisted of 4 sails, each 114 feet by 16
inches; that is, every other full sail was removed. The fourth set of
tests was made to determine the effect of concentrating the air on the
sails and reducing the resistance due to air striking the shield and
glancing upward by the use of an ineclined surface of approach to

wheel. This inelined

VELOCITY OF WIND IN MILES PER HOUR. SUI’face had a 1ength Of

10 15 0 %

6 7 feet and formed an
angle of 11° with the
horizontal.

&« v < Test No. 1.—In Pl
XVI, B, the mill is

+%

shown with 8 sails, each
o . 114 feet by 16 inches.
: / Fig. 61 shows the num-

. ber of revolutions of
the wheel per half mile

F16. 61.—Diagram showing revolutions of wind wheel of mill of wind for two loads—
No. 55—7.75-foot Jumbo. Curve marked 0 is for no brake
load; curve marked 44 is for a brake load of 4.5 pounds. 0 and 4.5 pounds—on a -
35-inch arm, for the

wind velocities shown. These curves for a mill without any means of
governing in high velocities are given for comparison with curves of
mills having a governor. It will be seen that these curves are nearly
horizontal straight lines beyond the point of maximum revolutions
per half mile. Thus, for no brake load the revolutions at 12 miles are
about 62, and at 25 miles about 59. In a mill with a governor, as, for
instance, that shown in fig. 36, the curve is more .inclined, or the drop
in the number of revolutions is greater.

Fig. 62 shows the number of revolutions per minute for several
loads, fig. 63 shows the horsepower.

The results of these tests are as follows:

REVOLUTIONS OF WIND WHEEL
PER HALF MILE OF WIND.

Results of tests of Jumbo mill No. 55 with 8 sails 11} feet by 16 inches.

Revolutions of wind wheel per

minute at given wind veloci- Horsepower at given wind velocities

Load ties (per hour). (per hour).
Load p(ir t]:ev-
on olution 5
brake. | of lzvind 2 5 § ?j E 3 .1‘% E .5 E’
wheel\ = |8 | E| B | 8 |5 | B | 8 | B E
o ] = & ] ®© ] = 5] ]
Lbs. Ft.-lbs.
0 0 11 24 33 41 ¢ I RN DR R A PR RN TS [,
1.75 82.0 |...... 22 30 38 45 0.022 | 0.030 | 0.036 0.043
2.5 45.8 |...... 20 28 36 431 0.028 | 0.039 | 0.050 0. 060
4.5 82,5 ... 17 25 33 40 ... 0.043 | 0.063 | 0.082 0.100
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A. VIEW OF MILL NO. 57—24-FOOT LITTLE GIANT,

B. VIEW OF MILL NO. 55—73-FOOT JUMBO.
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From these results it is seen that the reduction in the number of
revolutions per minute is proportional to the load. For example, in a
20-mile wind a 44-pound load reduces the number of revolutions from
41 t0 34, or 1.75 revolutions per brake pound. The power =27 RnlL +
33,000, where n = the number of revolutions of the wheel per minute,
L = the load on brake, in pounds, R = the arm of brake (35 inches),
7 = 3.1416, and 33,000 = the number of foot-pounds per minute in a
horsepower. We may write the power thus: P = KnL, and compute
its value as follows, K being a constant equal to 2zR < 33,000:

P,=K X 41 (revolutions) X 0 (L)= 0

P,=K X 33 (revolutions) X 4.5 (L) =148.5K.
P,=K X 26 (revolutions) X 8.5 (L) =221.0K.
P,=K X 22.5 (revolutions) X 10.5 (L) =236.3K.
P, =K X 20.75 (revolutions) X 11.4 (L) = 288.6K.
P,=K X 19 (revolutions) X 12.5 (L) = 237.5K.

P, is seen to be larger than any of the other values of P, and gives
an approximate value of the -
. . VELOCITY OF WIND IN MILES PER HOUR.
power of the mill for that wind 10 15 20
velocity (20 miles).

®

AY
\ NN

REVOLUTIONS OF WIND WHEEL

We may find a more accurate

value in an easier way. Letax

be the load for maximum horse- ; #

power in any given wind veloc-

ity. We have seen that 1 pound

of load reduces the speed by 30 ,

1.75 revolutions. Then we can //

write P=K (41—1.752) (x).

For a maximum value of P we

must differentiate P with re- / /

spect to x, place the first differ- /

ential coefficient 0, and solve 10 y

for . This value of x, accord- A/

ing to calculus, makes the power

a maximum. Differentiating,

we have P =~ dx=41—2 (1_75@;) Fre. 62.—Diagram showing revolutions of wind

=0. Solving for @ we have Tiegel;il No B Tt Junto, Curves

x=11.7 pounds. The corre- 0, 1.75, 2.5, and 4.5 pounds, respectively; 4B is

sponding value of the revolu-  foF bestload

tions of the wheel per minute is 41—1.75 X 11.7 = 20.5 revolutions.
For a 25-mile wind we have x = 49 + 3.5 = 14 pounds, and n = 16.5.

In a similar way we get the load and revolutions for maximum power

IRR 42—01——¢
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for other wind velocities. These and the corresponding horsepowers
are as follows:

Values for the curve DK (maximum power) fig. 63.

: Wind 3 Revolu-
| velocity Load in tions of Horse-
i (milesper | pounds. |windwheel] power.
| hour). per minute.
- 8 3.1 6.0 0.010
12 7.0 12.0 0.046
I 16 9.4 16.5 0.086
\ 20 1.7 20.5 0.133
| 25 14.0 24.5 0.190

The curve DK is nearly a parabola. The revolutions per minute
for the best load are seen to be very nearly equal to the wind velocity

VELOCITY OF WIND IN MILES BER HOUR.
10 15 20 25

.20

4

.16

12 /

INDICATED HORSEPOWER.
L°%
~N
T
~
~
~
~
~

04

A

F16. 63.—Diagram showing horsepower of mill No. 55—7.75-foot Jumbo. The curves show the
horsepower for brake loads of 1.75, 2.5, and 4.5 pounds, respectively; dotted curve DK shows
maximum power.

N
\:

in miles. These are platted in fig. 62, giving the line A B, which is
nearly straight.

RELATION BETWEEN WIND VELOCITY AND CIRCUMFERENCE VELOCITY
OF WHEEL.

If we multiply the number of revolutions of the wind wheel for any
wind velocity by 24.4 feet (the circumference of the wheel) and divide
by the wind velocity, in feet per second, we have the followir. g results
for no brake load and for best load:
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Table showing ratio between wind velocity and circumference velocity of wheel.

‘Wind velocity per hour.
Load.
{ 8 miles. | 12 miles. | 16 miles. | 20 miles. | 25 miles.
Noload.. ... __..._ _.......| 0.38 0.55 - 0.57 0.57 0.55
Bestload ....._ _.._.____._ | 0.21 0.27 0.28 0.28 0.27

From this we see that the velocity of the circumference of the wheel
is not more than 57 per cent of the velocity of the wind. For veloci-
ties above a certain amount it remains nearly constant for any load.
It will be seen too that the speed of the wheel for best load is almost
exactly half that for no brake load.

Test No. 2.—Sail area, 114 feet by 8 inches—each inner half sail
removed. The results of this set of tests are as follows:

Results of tests of Jumbo mill No. 55, with 8 sails 113 feet by 8 inches.

R%ﬂgﬁg’;‘f ;&g&nvggge‘;’éﬁg Horsepower at given wind velocities
ties (per hour). (per hour).
Load. .
s |26 8|2 ¢ g2 ¢4
9| 8|8 B B | F g 8 g g
o | B |38 5] 8 © o ] | ]
Pounds.| Ft.-lbs.
0 0 9 22 30 39 L% RN PRV PIRRIN PN R
3.25 59.6 |.____. 17 26 32 40 | ..o 0.081 | 0.047 | 0.058 0.072

By comparing these results with those of test No. 1 it will be seen
that the number of revolutions per minute for no load is from two to
three times less when the half sails are used. The 34-pound load with
half sails gives about the same speed as the 44-pound load with whole
sails. The weight of the wheel is reduced about 40 per cent, which
makes the reduction in speed less than it would be if the weight of the
wheel remained constant. It will be seen, then, that for this size of
wheel very little power is gained by the use of the inner 8-inch board
of each sail. It is quite likely that sails 12 inches wide would give
fully as much power as sails 16 inches wide.

Test No. 3.—The sail area was 4 sails, each 11} feet by 16 inches—
every other full sail removed. The results of this set of tests were
almost the same as those of test No. 1. There was no measura-
ble reduction in the speed of the wheel when every other full sail was
removed. The weight of the wheel was reduced about 40 per cent,
and consequently the friction. The gain in pressure on the extra
sail area is counterbalanced by the additional friction.

Test No. j.—The sail area was 8 sails, each 114 feet by 16 inches—
the same as for test No. 1. There was an inclined surface (shown in
Pl. XVI, B) for concentrating air on sails and in a measure prevent-
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ing an upward current from the froni shield. The results of this set
of tests are the same as those of No. 1. There was no measurable
increase in the number of revolutions when the mill was loaded or
unloaded, or when the incline was used or not used.

For this size of mill 4 sails each 12 inches wide give the maximum
power. From our tests of other mills we should say that the sail
width should increase directly as the diameter increases. For diam-
eters of 12 feet or more it is likely that the addition of one or two
more sails, say 5 for a 12-foot mill and 6 for a 16-foot mill, may
increase the power over that for 4 sails.

In 1895 we made some measurements of the pressure of air on small
curved surfaces,! from which we infer that if galvanized-iron sails
curved to a radius about twice the width and with the concave sur-
face to the wind were used the power of the mill would be increased
about 15 per cent over that with the plane fans.

Putting the results of these tests of Jumbo mills in the most prac-
tical form, we have the following as the proper sail area and the
probable horsepower of wooden Jumbo mills in a 16-mile wind when
properly loaded, assuming the power to increase as the square of the
diameter:

Table showing proper sail area and probable horsepower of Jumbo wooden mills in
a 16-mile wind.

Diameter of wheel. N“;:gl’:‘r of W;gg; of Legfi‘l’g of Horsepower.
Inches. Feet.
8feet _ ... .. ._...... 4 12 12 0. 09
12 feet. ___ e 5 18 12 0.20
16feet. .. ___ S 6 24 12 0.36
20feet. . ... .n.... 6 30 12 0. 56

The formula used for computing the pressure on a series of plane
surfaces moving in the direction of the velocity of the wind is—

{

P=F§(c—v)2 B (1))

In this F'is the area, in square feet, of the vane, # the heaviness
of air at the observed temperature and barometric pressure, ¢ the
velocity of wind, and v the veloecity of wind wheel, each in feet per
second.

The heaviness of the air is found from the formula—

B To

In this 70 is the absolute temperature in centigrade degrees.

1 Kansas University Quarterly, Vol. IV, July, 1895.
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273
From equation b we have r=0.08Xx 30X g(ﬁ::O.W pound per square
foot. From the table on page 123 it will be seen that for maximum
power in a 16-mile wind v=0.28¢. Substituting in equation ¢ we have,
for the pressure on one sail—

1
P=11.5 XmX0.07 (1—0.27)? ¢*=4.1 pounds.

The arm of this pressure about the axis of the wheel is about 3.06
feet. Hence the moment of this force is 4.1 % 3.6=14.76 foot-pounds.
This moment is equal to the moment of the brake load, and we have
14.76=35x, and x=4.24 pounds. The load actually carried on the
brake, including frietion, is about 8 pounds; hence nearly half of the
working pressure comes from wind pressure on the approaching and
receding sails, or only a little more than half the pressure comes from
the sail which is at the highest position possible.

MATHEMATICAL DISCUSSION OF TESTS OF LITTLE GIANT MILL
NO. 56.

This is a 4.67-foot mill made by Mr. C. Hunt, of Wichita, Kansas.
These mills are made in sizes from 4 to 24 feet in diameter, to reston a
low tower or on a building. The largest one yet built is shown in Pl
XVI, A. It is used for grinding wheat. The Little Giant mill will
be seen to resemble the Jumbo in that the wind wheel moves in the
direction of the wind and not across it. It differs from the Jumbo, how-
ever, in having a vertical axis and many curved iron sails, instead of
a horizontal axis and few plane wooden sails. The wind is prevented
from striking the sails as they come around toward the wind by a
shield which, when closed, covers about one-third of the circumfer-
ence. The shield can move freely about the axis of the mill and has
hinged to it a wing which can be held at right angles to the circum-
ference. There is also a vane fastened to the shield, to aid in the
government of the mill. When the wing of the shield is closed, the
vane takes the direction of the wind and places the shield direcfly in
front of the wind wheel, shutting off the wind from the wheel.
When the wing is open, the pressure of the wind against it carries
the shield around, admitting the wind to one-half of the wheel. By
properly placing the vane and using the proper weight on the wing,
the wind is admitted to a small or a large portion of the wheel, and
thus the speed of the wheel is regulated. The mill receives the wind
from all directions and regulates automatically.

Mill No. 56 has 24 curved iron sails, each 3 feet 10§ inches long and
6% inches wide, set at an angle of 27° to the radius. The radius of
curvature of the sails is 74 inches. The vertical shaft of the wind
wheel has a beveled cogwheel, which gears into another beveled cog-
wheel on a short horizontal shaft. The latter has a pitman for work-
ing a pump. The horizontal shaft on which the brake was placed
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The brake arin was 2 feet 104 inches long.

The number of revolutions per minute of the brake shaft was found
for the four loads 0, 2, 4, and 6 pounds, respectively. The corre-
sponding speed of the wind wheel is found by multiplying by 3%.
The results of the tests were as follows:

Results of tests of Little Giant mill No. 56,

Rggﬁ}gglogg gifvgﬁag?nsé‘af&gg{ Horsepower at given wind velocities
ties (per hour). (per hour).
Load. . . . . . . . .
g1 8 E| g g g g g g g
® X =2 S S ® 2 = 8 R
Pounds.| Ft.-lbs.
0 0 10 19 26 31 35 25 FRRSN PSR DI PURTUNIPI PRI
2 35.7 6 16 2 27 341 0.007| 0.017 + 0.023 | 0.0380 0.040
( 4 T4 ... 11 18 23 80 |..._.. .| 0.024 0.039 | 0.050 0.065
[ 6 107.1 |- .. 6 14 19 26 | ... 0.019 | 0.045 | 0.062 0.084

Referring to fig. 64, the mill will

VELOCITY OF WIND IN MILES PER HOUR.
10 15 20
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REVOLUTIONS OF WIND WHEEL.

it

F1aG. 64.—Diagram showing revolutions of wind
wheel of mill No. 56—4.67-foot Little Giant. The
curves marked 0, 2, 4, and 6 are for brake loads

of 0, 2, 4, and 6 pounds, respectively.

ity)=5, and y=0.024 when x=12.

be seen to start for no load in a
light wind—about 5 miles an
hour. More than half of each
speed curve is a nearly straight
line. This is due to failure to
govern, the mill being held wide
open all of the time. It will be
seen . that each pound of load
reduces the speed about two
revolutions per minute for about
0.67 of each curve. Fig. 65
shows the brake horsepower for
three loads—2, 4, and 6 pounds,
respectively. The curve DK, to
which these load curves are tan-
gent, shows the maximum power
of the mill. This curve passes
through the points v (horse-
power)=0 when 2 (wind veloc-
Hence, if we assume this curve

DK to be a parabola, we have for its equation—

2t = 496y~ 25.

The horsepower from this equation and from fig. 65 is as follows,

v’ being taken from fig. 65:
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Horsepower of mill No. 56 at given wind velocities.

5 0.000 0.000
8 0. 008 0. 007
12 0.024 0.024
16 0.046 0. 045
20 0.075 0. 065

It will be seen that the horsepower of this mill does not increase as
fast as the square of the wind velocity. From fig. 65 it will be seen
that the 2-pound curve is tangent at 8 miles, the 4-pound curve at 12
miles, and the 6-pound curve at 16 miles an hour. Hence the load
for maximum power increases about as the first power of the wind
velocity. The speed of the brake shaft for these loads is 6, 11, and
14 revolutions per minute, respectively. Hence the speed of the
wind wheel does not increase as fast as the first power of the wind
velocity. The ratios of circumference velocity of wind wheel to
wind veloeity for no load and for maximum load for five wind veloe-
ities are as follows:

Table showing relation of circumference velocity of wind wheel to wind velocity.

No load. Maximum load. Ratio of
i 7 g:evolu;
. . ions a
Wind velocity | Revolu- | Circum- gf,‘g;)n‘;f Revolu- | Circum- gg.(t}:;)nc])f maxi-
per hour. tions of | ference ference | tions of | ference | £ © ce (MU load|
brake | velocity velocit brake | velocity velocit to revolu-
shaft per| in miles to win shaft per, in miles £o win 3’ tions at
minute. | perhour. velocity. minute. |per hour velocity. no load.
8miles ...__. 10 5.2 0.65 6 3.1 0.39 0.60
12 miles ...._. 19 9.9 0.74 11 5.7 0. 47 0.58
16 miles . _.__. 25 13.0 0.81 14 7.8 0. 46 0.56
20 miles ..____ 31 16.1 0.80 16 8.3 0.42 0.52
25 miles ... .. 38 19.8 0.79 | .- I P

From this we see that for no load the greatest circumference veloc-
ity is only 81 per cent of the wind velocity. For best load the ratio
is 47 per cent. Here is the great disadvantage of these wheels, which
move in the direction of the wind instead of across it—they move
too slowly. The ratio of circumference velocity to wind velocity in
an Aermotor is 1.75. This is 2.16 times the greatest corresponding
circumference velocity of the Little Giant mill.

COMPARISON OF LITTLE GIANT AND JUMBO MILLS.

From the following table it will be seen that the circumference
velocity of the Jumbo is only from 0.55 to 0.70 of that of the Little
Giant for best load. The horsepower of the Jumbo is about 1.9 times
that of the Little Giant; the ratio of the Jumbo diameters is 1.67;
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hence the ratio of the power is a little greater than that of the diam-

It must be remembered, however, that the Jumbo is about

eters.
For the same sail lengths

three times the length of the Little Giant.
the latter does 1.57 more work than the Jumbo.

Comparative data of Little Giant and Jumbo mills.

. . Circumference velocity for
Maximum horsepower at given maximum load at gi

X oL 3 given

wind velocities (per hour). wind velocities (per hour).

Mill. N X X

s 8 E || R || E|E|F A

© = g 8 bS] o [ F (B R | W
t3-foot Jumbo ... ... 0.010 | 0.046 | 0.086 | 0.133 | 0.190 | 1.7 4.70 | 5.80 |......
43-foot Little Giant. .__... 0.007 | 0.024 | 0.045 | 0.066 | 0.100 | 8.1 | 5.70 | 7.30 | 8.80 |._....
Ratio................[1.4 1.9 1.9 (20 1.9 |0.55|0.60 { 0.64 | 0.70 |.._...

Taking into account the difference in the diameters of the wind
wheels of these mills, we may say that the Little Giant will furnish
about 2.5 more power than the Jumbo for the same diameter and
length of sail. The Jumbo requires a 7-mile wind to start it with no
load; the Little Giant will start with no load in less than a 5-mile
wind. The Jumbo has no means of governing; the Little Giant gov-
erns easily and completely. The Jumbo gets the full pressure of the
wind when it comes from two directions only; the Little Giaut works
equally well with the wind from any direction. The Little Giant is
less likely to be injured in a windstorm than the Jumbo. The first
cost of the Jumbo is somewhat less than that of the Little Giant. A
5-foot Little Giant with stub tower can be bought for about $15.

COMPARISON OF LITTLE GIANT WITH 8-FOOT AERMOTOR.

The efficiency of the pump and well of Aermotor No. 5 (for descrip-
tion and results of tests, see pages 33 and 34, Part I) is probably
about 60 per cent. For the speeds and horsepowers of these mills we
have the following:

Comparative data of Little Giant and 8-foot Aermotor.

Revolutions of wind
wheel per minute | Horsepower at given wind

Load at given wind ve- velocities (per hour).
per locities (per hour).
Mill revolu-| Sail
d _|tion gf area. " I 5 " @ = “ %
WIin [} 3]
wheel. sl=2lgs |2l a 2|2 <
E|&| & |8 |8 |8 | d g
T T I ] 3 5 8 ]
F't.-1bs.| Sq.7t.

8-foot Aermotor (No.

45 34 62 84 99 | 115 | 0.084 | 0.115 | 0.138 | 0.158
0.024 | 0.089 | 0.050 | 0.065
2.76 2.43

<
w

............. 24| sa| 3| | N
Ratio ..oooone... 1.96| 0.63|1.82 |1.53|1.40|1.25 | 8.50 | 3.00

®
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It will be seen that the sail area of the Aermotor is only 0.63 that
of the Little Giant, that the wind wheel of the former makes from
1.25 to 1.82 more revolutions per minute than the latter, and that the
power of the former is from 3.5 to 2.4 times graater than the power of
the latter. While the sail area of the Aermotor is only 0.63 that of
the Little Giant, the wind area of the former is much greater than
that of the latter. The wind can not enter the wheel of the Little
Giant over an area greater than the radius multiplied by the length
of the sail, or 9.1 square feet. In the Aermotor the wind enters the
wheel over an area equal to the difference between the areas of the two
circles, one having a diameter of 8 feet, the other having a diameter
of 3 feet. This wind area is 43.2 square feet. Hence the wind area
of the Aermotor is 43.2+9.1=

VELOCITY OF WIND IN MILES PER HOUR.

4.75 times that of the Little 10 15 2 o
Giant. Here is the great advan- .10 5
tage that the Aermotor has over /
the Little Giant—it has only 0.63

of the sail area, and hence cost 08 / /]

less for sails, and 4.75 times
more air strikes its sails than
strikes those of the Little Giant.
It will be shown later thatin the
Little Giant the air acts on its
sails while passing out of the
wind wheel as well as while pass-
ing into the wheel, and thus the
power for the same wind area is K

greater in that mill than in the / /
Aermotor. /7
D7

Fig. 66 is a diagram showing
the action of the wind on the FieG- prnseyinghonereer tiil e
sails of the Little Giant mill. g 4 and6show horsepower for brake loads of 2,
AH, _BK, etc_7 are the curved 4, and 6poqnds, respectively; dotted curve DK
sails. The cord AH makes an o aximumpower
angle of 27° with the radius AP. (D is the shield, with the wing DE
open. Let Aa representthe direction and magnitude of the wind with
respect to the earth. We have seen that for maximum load the ratio
of the circumference velocity of the wheel to the wind velocity is
0.47; hence drawing Ac tangent to the circumference Aa and equal to
0.47 of Aa, and completing the parallelogram on them, we have Ab
representing the direction of the wind with respect to the moving sail.
If we assume this to be the velocity of the air over the sail (it is
somewhat less than this, since 4b is not quite tangent to the sail at
entrance), we can construct the path of a particle of air with respect
to the earth. The points 1, 2, and 3 are on this path, and L3 gives
the approximate direction of the particle of air through the wheel.
At L we combine this velocity with the inner circumference velocity

N <
~
N

gd
_

INDICATED HORSEPOWER.
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of the sail, giving the velocity Lp with respect to the moving sail.
This is seen to make a large angle with the tangent at entrance,
reducing its magnitude somewhat. Lj is approximately the absolute
path of the particle over the sail, and 4-5 is the direction of the parti-
cle at exit. B6 represents the absolute path of a particle of air as it
moves over the sail BK. This particle of air passes through the

C r
F16. 66.—Diagram showing action of wind on sails of mill No. 56—4.67-foot Little Giant.

wheel in the direction 6-7. The path 6-7 of this particle crosses the
path of the particle from 3; hence there is interference inside the
wheel, which prevents our tracing with accuracy the path of a parti-
cle out of the wheel. It is evident, however, that after passing into
the wheel the air strikes the concave side of the sails on the opposite
side, and aids in pushing the wheel around, so all the work is not done
by the sails on the side where the air enters.
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INDICATED AND TRUE VELOCITIES.

Thus far all of our results for speed and power of windmills are
given in terms of indicated velocities, that is, velocities as read from
the Robinson cup anemometer. It is necessary, or at least desirable,
to examine these to see whether they agree with true velocities or dis-
tances actually passed over by the wind per hour. Fig. 67 shows the

Robinson cup anemome-
ter asused by the United
States Weather Bureau.
This instrument was in-
vented in 1846 by Dr. T.
R.Robinson, of Armagh,
Ireland, and is now used
by several meteorolog-
ical bureaus forthe meas-
urementofwindvelocity.
It givesa continuousrec-
ord of wind movement
and requires no device,
such as a vane, to give
it the proper direction
with respect to the wind.
Itis madeso that each 50
revolutions of the cups
can be read on the dial,
and there is an electrical
~device for recording
each 250 or each 500 rev-
olutions of the cups.
Referring to fig. 68, let
A = the upper and B =
thelower cup of a Robin-
son anemometer rotat-
ing about the axis, let ¢
equal the velocity of the

wind, and » the velocity FI1G. 67.—Anemometer and cups. ¢, spindle which forms

. the axis of revolution of the cups; m, 50-tooth wheel which

of the cup eenter, each in engages an endless screw on the end of the spindle; [, small

feet per second: o = the toothed wheel which engages an endless screw on the axis of
b 2 s N

. 8 . the wheel m; e, pair of dial wheels which are moved by the

ratio of the Velomty of wheel /; p, one of ten contact pins toaidin closing the electric

the wind to that of the ¢ircuitat the end of each mile of wind; p’, two of these pins

~ connected, forming the tenth mill pin: w, contact spring; q,

cup center, P, 1 = the acontact point at the end of contact spring; ¢, small insulated

pressure on the coneave tu.be eonnec.ting q w.ith the insulated binding post u and

with the second binding post .

surface, and P, = the

pressure on the convex surface of the cup. Dr. Robinson found from
sixteen experiments with stationary cups exposed to wind of several
velocities that forall velocities the pressure when the concave surface of
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the cupis toward the wind is about four times that when the convexsur-
face is presented to the wind. The pressure on the moving cup A is
P,=K, Fr{c—v)*+2¢g,' and the pressure on the cup Bis P,=K, F'r (c+
v)*+2g,; F being thearea of the cup, K, and K, being constants the ratio
of which, as found by Robinson, is 4, » the heaviness of air, and c+4v
and c¢—w the relative velocities of the cups. Neglecting friction in the
anemometer, inertia of cups and arms, and the influence of two of the
- cups until they are near the position shown in fig. 68, we see that for
uniform velocity P, must equal P,; if P, is greater than P, » will
increase; if P is less than P, v will decrease. We have, therefore, for
uniform velocity K, Frr (c—v)*+2¢=K, Fr (v+c)*+2g or 4 (c—v)?=
(¢+v)?. Thisequation can be putin the form 4 (z—1)?=(x+1)2 Solv-
ing we have x=3; that is, the velocity of the wind is three times that
of the cup centers. For an anemometer having arms 6.72 inches
long, the distance passed over by a cup center in 500 revolutions is
a="%7 5 %12 5 3 x 500=>5,280 feet, or 1 mile.

Dr. Robinson believed that this ratio of wind velocity to that of
cup center was true for
all velocities, and con-
sequently the makers of
the instrument have
marked the dial in
miles. We sghall see,
however, from the rat-
ing of the one that we
have used in these wind-
mill tests that this ratio
is not a constant. It
will be seen that for
wind of uniform veloc-
ity this ratio is a vari-
able which has the value
3 for 9 miles an hour, is
greater than 3 for less
velocities, and is less
than 3 for greater veloe-
ities than 9 miles an.
hour; in other words, to get true velocities we must add a correction
below 9 miles an hour and subtract a correction above that velocity.
Friction and inertia were neglected in deriving the foregoing value of
this ratio. The former has little influence in an instrument kept in
good condition, but in a poorly kept instrument it may have a large
influence for low velocities. This ratio has been found to be 8 to 10
with much friction. The inertia of the arms and cups has a marked
influence on this ratio, especially for ordinary gusty wind. As the

F1a. 68.— Diagrammatic section of anemometer cups.

1 Church’s Mechanics of Engineering, p. 815.
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gustiness of the wind increases the correction to be subtracted to get
the true velocity increases also.

The relation between the indicated and true velocity of an anemom-
eter is found by moving the anemometer in still air at different
velocities, and noting the distance passed over, also the readings of
the instrument. It is seldom that the air out of doors is still for any
considerable length of time, so that this comparison is usually made
within an inclosure, the anemometer being carried around in a circle.
The radius of the whirler should be as long as possible, and made so
as to affect the circulation of air as little as possible, and to reduce
the effect of the centrifugal force.

The whirling machine that we have used for rating the anemometer
is the property of the United States Weather Bureau. It consists
essentially of an arm 28 feet long and 8 feet above the ground, on the
end of which the anemometer is carried at an elevation of 2 feet above
the arm. This arm is counterweighted and is stiffened by the rods.
It is clamped to a vertical shaft, which carries a cogwheel near its
lower end. A cogwheel on a horizontal shaft engages the large cog-
wheel and gives rotation to the arm. Tor low velocities the power
was applied through a crank on the horizontal shaft, and for higher
velocities by a crank on a second shaft, the latter working the first
shaft by means of two sprocket wheels and a chain. The machine
was set up out of doors, in a sheltered place away from any building,
and was used on several nights when there was scarcely any wind.
It was made to rotate about half the time in the positive direction
and the other half in the negative direction.

A new Robinson anemometer was used with which to compare results
obtained for the one used in our windmill tests. The results for these
instruments agree quite closely. The results obtained on December
29, when there was no perceptible wind, are as follows: .

Table showing relation between indicated and true velocity of anemometer.

Indicated | Revolu: " |Correction,
velocity, in lglﬁ’;i]‘?tfn %;;',“&‘;glifgs' Correction, Cin miles,
mlﬁglsll?er in 4 mile of | per hour, | inmiles. fosvigl;ldsty
* wind. .

6 15.5 6.20 +0.20 0

8 15.1 8.05 +0.05 —0.2

11 14.7 10.78 —0.22 —0.6

15 14.2 14.20 —0.80 —1.2

20 13.8 18. 40 —1.60 —2.2

25 13.53 22.55 —2.45 —3.2

30 13.3 26. 60 —3.40 —4.3

It will be seen that the indicated velocity is less than the true
velocity for velocities less than 9 miles an hour; above 9 miles the
true velocity is less than the indicated velocity. In other words, the
correction is added below 9 miles an hour and subtracted above
that velocity. It will be seen that up to 11 miles an hour these
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anemometer readings differ very little from the true readings, but
for higher velocities the correction becomes quite large. The last
column of the foregoing table gives the corrections to be applied to
the indicated velocities of the Weather Bureau Robinson anemometer
for gusty wind.! The motion of ordinary moving air, when studied
with a very light anemometer recording each revolution, is found to
vary suddenly by large amounts. The rate of motion changes 20 or
30 miles an hour in a few seconds.? The record of the standard Rob-
inson anemometer, recording miles or half miles, does not show these
sudden changes, but gives an average velocity for the wind. Its
VELOCITY OF WIND IN MILES PER HOUR.
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INDICATED HORSEPOWER.
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Fi1a. 69.—Diagram showing horsepower of mill No. 27—12-foot Aermotor. Curve AB shows
power for indicated velocity, assuming wind to be not gusty; 4D shows power for true velocity;
28 —140.6

2,086

AEFE shows power in average gusty wind; 4 F shows power from H.P.=

weight and consequent inertia cause it to continue its rotation for a
time after the impulse is passed, and when the next impulse strikes
the cups their weight will not allow them to take the velocity of the
impulse. The less the weight the more nearly will the velocity of
the cups be that of each gust. The effect is that the cups revolve
faster in a gusty wind of, say, 20 miles an hour, than in wind of
the same velocity but not gusty. Two difficulties arise in dealing
with gusty wind: (1) The gustiness of any wind varies from time to
time, and the anemometer gives no indication of it; (2) we have no
means of producing artificial gusty wind in whieh to rate anemom-
eters. If the anemometer is rated in natural wind, then a correction

1 Anemometry, by C. F. Marvin. Washington, 1893.
2The Internal Work of the Wind, by S. P. Langley. Washington, 1893,
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must be applied, but its amount is uncertain. The velocity of gusty _
wind ean not, therefore, be measured with certainty. This, however,
does not lessen the value of the Robinson anemometer as an instru-
ment for measuring wind velocity, nor introduce an error in our
results. For a given velocity and gustiness the anemometer will
always give the same reading, and the same gusty wind which strikes
the anemometer strikes the windmill directly behind it. The diffi-
culty arises when we try to compare results in which the Robinson
anemometer was used in measuring velocity with those in which some
other form of anemometer was used. The corrections given in the
last column of the table were found by Prof. C. F. Marvin, of the
United States Weather Bureau, and are for ordinary gusty wind.

The Robinson anemometer is now so generally used to measure
wind velocity that it is better to express the speeds and powers of wind-
mills in terms of these than of any other. If results are desired in
terms of true velocities, they can be found approximately by means
of the table of corrections given on page 133. Fig. 69 shows the power
of mill No. 27 expressed in terms of three kinds of velocity: 4B
shows the power assuming the wind to be not gusty; A.D shows the
power for true velocity, that is, after applying the corrections in the
fourth column of the table; A K shows the power in average gusty
wind, that is, after applying the corrections in the last column of the
table; A F would give its power if the power increased as the cube of
the indicated velocity.

COMPARISON OF WRITER’S EXPERIMENTS WITH THOSE
OF OTHERS.

Comparison with Smeaton’s experiments.—In this comparison we use
indicated velocities and results for best mills. Smeaton’s results are
given on pages 15 and 16, Part I. It will be remembered that his wheels
were 3.5 feet in diameter, moved against still air in a cirele of 5.5 feet
radius, and that his wind velocities varied from 3 to 6 miles an hour.

Smeaton found (maxim 1, page 15, Part 1) that the velocity of a wind-
mill sail, whether loaded, so as to produce maximum power, or un-
loaded, is nearly as the velocity of the wind. We have found that
the velocity of wind wheel when loaded increases nearly as the wind
velocity, but when it is unloaded it increases as the square root of the
wind velocity. 7

Smeaton found (maxim 3) that the maximum power increases some-
what less rapidly than as the cube of the wind velocity. We have
found that the maximum power increases as the square of the wind
velocity—for true velocities somewhat faster than as the square of the
wind velocity.

Smeaton found (last part of maxim 5) that the power for a constant
load increases as the first power of the wind velocity. Our experi-
ments show that for a constant load the power increases as the square
root of the wind velocity.
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Smeaton found (maxim 6) that the circumference velocities of sim-
ilarly made mills of different diameters vary inversely asthe diameters.
‘We have found this to be true.

Smeaton found (maxim 8) that the maximum power for similarly
made mills increases as the squares of the diameters. We have found
that it increases about as the 1.25 power of the diameters.

Smeaton found (maxim 9) that the circumference velocity of the
Dutch sail, whether loaded or unloaded, is considerably greater than
the wind velocity. We find that it is nearly equal to the wind veloc-
ity for loaded sail, and about 1.75 times the wind velocity for the
unloaded sail.

Comparison with Coulomb’s experiments.—In this comparison indi-
cated velocities are used. Coulomb’s observations (see page 16, Part
I) were made on a Dutch mill (fig. 1, Part I) having a wind wheel
70 feet in diameter. He found that at a wind velocity of about 15
miles an hour the wind wheel was making 13 revolutions per min-
ute and yielding about 7 horsepower of useful work. Comparing this
with the results for the 16-foot Aermotor for maximum load, we have
the following:

Comparison of results of tests of Coulomb’s 70-foot mill with writer’s 16-foot
Aermotor.

Rewéolu.tiéms Circunlnfe.l;;-

< of win ence veloci

Mill. wheel per | in feet pery Horsepower.
minute. minute.

70-foot mill ... __ .. __.___..___. 13 2,860 7.0

16-foot Aermotor. ... __ . ___..._._ 28 1, 408 0.8

The circumference veloeity of the large mill is more than twice that
of the smaller one. The ratio of the powers is 7 = 0.8 =8.8. Theratio
of the diameters is 70+ 16 =4.4. The ratio of the powers is about
twice that of the diameters. The ratio of the squares of the diameters
is 19.14.

It is very likely that the wind velocity as found by Coulomb is too
small; the very large circumference velocity of his wheel indicates
this. It is probable that the wind veloecity during his observations was
about 20 miles an hour instead of 15. In a 20-mile wind the horse-
power of the 16-foot mill is about twice that in a 15-mile wind, and
the speed 34 revolutions per minute against 28. The ratio of the
horsepowers would then be about as the diameters of the wind wheels.

Comparison with Griffiths’s experimeni.—The performance of a
pumping windmill depends on so many factors, most of which may
affect the result to a large degree, that it is doubtful whether it is
worth while to make a comparison where the conditions differ much.
There is the pump efficiency alone, other conditions being the same,



MURPHY.] COMPARISON OF EXPERIMENTS. 137

which may make the horsepower of one four or more times that of the
other. TForexample: Both mills have a brake power of 1 horsepower,
one mill works a pump which has an efficiency, under present condi-
tions, of 20 per cent, its useful horsepower being 0.2; the other mlll
operates a pump which has an efficiency of 80 per cent, its horsepower
being 0.8, or four times that of the other. We have seen. that for
wind velocities above a certain amount the power increases near],y as
the load, so that by doubling the load for the higher velocities the
power is doubled. The gearing and means of governing affect the
power in a somewhat less degree. The way in which the wind velocity
is measured may affect the recorded power and speed. If the wind
wheel, or tower, or any other obstacle obstructs the free flow of the
air to the anemometer, the recorded velocity will not be as great as it
should be. If the anemometer is placed on the platform, it will give
a less velocity than if held some distance in front of the wheel and at
the height of the axis. The temper: atme a.nd barometmc pressure
affect the power. o

In Mr. Griffiths’s data (see pages 17 and 18, Part I) the load factor
is known, but the wind velocities he gives are small, and for small
velocities it is difficult to compute the effect on the power of differ-
ences in load. In fact, most of his velocities are less than are required
to start irrigating mills. Only four of his mills, viz, Nos. 1, 2, 5,and 6,
are comparable with mills that we have tested. The mills with which
we have compared them are Nos. 36, 38, and 47—very lightly loaded
mills with low pump efficiency.

Comparison of results of Griffiths’s tests with those of writer’s tests.

. Outer di- | Loadper | wring ye. | Strokesof | g ...
Mill, am:atff of slg-gl;epof 1 oci'ty. pgr;:;& E:r power.
Feet, Fi.-lbs. Miles, 1

Griffiths’s No. 1.... 22.3 480.0 7.0..1 .. 6.8 | _0.098
‘Writer's No. 36 ___. 22.5 248.0 - 7.0 5.0 0. 038
Griffiths’s No. 2 ... 11.5 29.2 5.8 13.0 0.011
‘Writer’s No. 38 _... 10.0 21.0 5.8 9.0 0. 006
Griffiths's No. 5._.. 10.2 51.0 8.5 20.5 0. 028
Writer's No. 38 ___. 10.0 21.0 8.5 21.0 0.014
Griffiths's No. 6 ___. 9.8 30.7 6.0 12.5 0.012
Writer’s No, 47 . ... 10.0 37.0 6.0 7.0 0. 008

It will be seen from this table that the horsepowers of the mills tested
by Mr. Griffiths are greater than the horsepowers of the mills we have
tested. The speeds of the wheels are also greater, except in Nos. 5 and
38. We are of the opinion that a part of the difference in results is
due to difference in the method of measuring the wind velocity. The
wind veloeity found by Mr. Griffiths is less than we have found it.

Comparison with King’s experiments.—Professor King’s measure-
ments of the brake horsepower of a 16-foot Aermotor are given on

IRR 42—01—5
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page 20, Part I. These results are plotted in fig. 70, giving the curve
AB. The eurve of maximum power for the 16-foot, Aermotor No. 44 is -
rédrawn in this figure as curve CD. It will be seen that these curves
are nearly parallel to 16 or 17 miles an hour, and then diverge rapidly.
Believing that much of this difference is due to the wind wheel of
Professor King’s mill interfering with the anemometer, we have experi-
mented with two anemometers, one located 29 feet directly south of
the Wmd Wheel of mill No. 44, the other located 27 feet directly north
of it, and each recording, side by side, the wind velocity on an elec-
tric register. The hourly wind velocity for fourteen consecutive
hours, during the first ten of which the mill was working and during
the last four of which it was out of the wind, is given in the follow-
ing table: : ‘

Tadble showing wind velocities during writer’s experiments with anemometers on

mill No. 44.
‘Wind velocities.
Direction ’
our. 5 ' Ratio.
H of wind. | gront ane- | Rear ane-
mometer. | nrometer.

Miles. Miles. Per cent,

PFirst ... .. ... SE_ ... .. 15.0 10.2 0.68
Second. ..o ... ....do __. 18.0 13.4 0.74
Third . ... oo .. ... . |...dO___ 18.0 18.5 0.75
Fourth ... .. ... ... .. 8o ... 19.5 12.8 0. 65
Fifth .. ... ... SW..... 18.0 13.5 0.74
Sixth ___.__._.___ e eaan _.do . . 16.3 12.6 0.7
Seventh ... _... .. .. .. ____. S ... 15.2 10.0 0. 65.
Eighth __..._.............__.|SE_. ... 12.7 9.6 0.76
v Ninth_ ... . .. .._._.__....do___ 10.5 7.5 071
it Tenth... ... . ... --.-do ... 7.7 5.5 0.72"
i| Eleventh.__.._.. . ... ... ...-...do_.\ 7.2 7.2 1.00 :
I Twelfth.____...._.. I, ....do __. 8.6 8.6 1.00 :
"| Thirteenth_......_...__.._...l.._..do. 10.5 10.6 1.00 :
Fourteenth ..___._.___. .. _... ...do ___ 10.3 10.4 1.00

The dlrectlon of the wind is the mean for edch hour, as shown by
an anemoscope. When the wind was from the southeast it occasion-
ally came for a short time almost directly from the east; and, aga,m,
w} en from the southwest it occasionally came for a time from the
ost.

It will be seen that the hourly velocity, 27 feet, behind the running
wheel was only 65 to 77 percent of that in front of the wheel. As
'Soon as the wheel was turned out of the Wmd the two anemometers
'recorded nearly the same velocity. o
* Referring now to the direction of the wind when Professor ng 8
windmill tests were.made, and remembering that his anemometer was
40 feet directly east of the moving wheel, it will be seen that nearly

“all of the tests were made when the wind came from the northwest or
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the southwest, and ‘that consequeritly the moving wheel must have
interfered with the proper working of the anemometer, causing it to
record a less velocity than actually existed, and making the horse-
power greater than if the anemometer had been in front of the whegl.
In fig. 70 it will be seen that an increase of from 5 to 25 per cent in
Professor King’s wind velocities would move his curve over to the
right of our curve. These curves are found in very different waysi—
Professor King’s from 26 single observations, ours from more than 150
observations. Instead of finding points on this curve when the proper
load is unknown, we have found speed and power curves for constant

loads’ and frOIn these dra'Wn tl]e VELOCITY OF WIND IN MILES P‘ER HOUR.

curve of maximum power. None 10 15 0 - 2%
of the mills that we have tested 3

have given a power curve like =
AB in fig. 70. It will be noticed /

too that the curve CD is quite ¢
like the corresponding one for
the 12-foot Aermotor. This we
should expect, since the mills are
‘similar in construction.
Comparison with Perry’s ex-
periments.—Indicated velocities
are used in this comparison.
Some of Mr. Perry’s results are
given on pages 20 and 21, Part I. 1 —

His tests were made on wheels /
. . . . A/
C

2 /}
e

INDICATED HORSEPOWER.

5feet in diameter, carried against

still air in a circle 14 feet in :
diameter, and his wind velocities FT&Z%( Eiiﬂmr:?“g:i:ﬁ?ﬁz%‘ggg
were not g ,,rea,tel than arbOllt 11 horsepower of Professor King’s 16-foot Aer-
mlles an hour. Mr. Perry states E‘;ﬁf": ACD sht;ws ;mxiimum power of writer’s
that his results agree with those o0k Aermotor Jo ) :
of Smeaton. A comparison of our results with Smeaton’s has been
given on pages 135 and 136.

We will compare in detail the working of two of Mr. Perry 8 Wheels, ‘
viz, Nos. 44 and 48, with that of our 12-foot Aermotor No. 27.

Mr. Perry’s wheel No. 44 is somewhat like the wind wheel of our
12-foot Aermotor No. 27. It has 12 curved wooden sails, each 18 by
12.3 by 5.8 inches, having a weather angle at the inner end of sail of
'30° and an angle of 25° at the outer end. The air is more obstructed
in its passage through this wheel than through the wheel of No. 27,
The following are some of the results for these mills in an 8.5-mile
wind, the only velocity which Mr. Perry gives for his mijll.
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Comparison of results of tests of Perry’s 5-foot mill No. 44 with writer's tests of 4
12-foot Aermotor No. 27.

Maximum load. No load.

Ml aren | Wind | 58 | TG Horse"| Revolu-| Cir
. veloc- evolu- | Circum- volu- | Circum-
of sail.| "y irevolu- tions per| ference | POWer| tions per| ference

tion. | minute. | velocity. minute. | velocity.

I Sq ,ﬁ Miles. | Ft.-lbs.
Perry’s mill No. 44.. .6 8.5 1.3 4.4 8.6 | 0.016 84.3 | 22.1
12-foot  Aermotor

No. 20 eeeiaees 73.0 8.5 2.2 19.0 1.9 | 0.13 32.5| 20.4

Ratios......... [ J) S 19.6 |.cooeneee. CL88) 812 ... 0.92

It will be seen that the load, in foot-pounds, per revolution of wind
wheel is 19.6 times greater and the circumference velocity for maxi-
mum load is 1.38 times greater for No. 27 than for the 5-foot wheel, but
that the circumference velocity for no load is a little less for No. 27
than for the other mill. The power of the 12-foot Aermotor is more
than 8 times that of the 5-foot mill, and its sail area is 5.3 times
greater, ‘

‘We will next compare the 12-foot Aermotor No. 27 with Mr. Perry’s
5-foot mill No. 48, which gave the greatest power of the 61 wheels tested
by him. It had six curved pasteboard sails, each 19 by 23.7 by 10.9
inches, set at a weather angle of 35° at the inner end of the sail, and
at an angle of 25° at the outer end. All obstruections to the free flow
of air over the back of the sails were removed. The following are
some of the results for these mills at a wind velocity of 11 miles a
hour: -

Comparison of results of tests of Perry’s 5-foot mill No. 48 with writer’s tests of
. 12-foot Aermotor No. 27. '

Maximum load. : No load.
, Wing | Load
Min. of it | veloe | PO ol a[ci power | Revolu- | G
| ity evo- | Revolu- | Circum- | power.| Revolu- | Circum-
lution.|tions per| ference tions per| ference
minute. |velocity. minute. | velocity.
: Sq. ft. | Miles. | Ft.-1bs. .
Perry’s mill No.48 .| 14.2 11 23.8 66.8 17.4 0.047 142 37.2
12-foot Aermotor
NO. 27 ceavcaaann 3.0 1 333 28.5 17.9 | 0.288 45| 28.3
Ratios ._......_. 5.2 |ciianan 14.8 |ceeeeee. 1.03) 5.96 |.......... 0.76

It will be seen that the circumference velocities of these wheels for
maximum power are nearly equal, but for no load the eircumference
velocity of the 5-foot mill is about 25 per cent greater than that of the
12-foot Aermotor. The power of the latter mill is nearly six times
that of the 5-foot mill. There are more air obstructions in the wheel
of the 12-foot mill than in that of the 5-foot mill, so that the difference
in the power would be greater for equal air obstructions. For a cor-
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responding amount of obstruction the ratio of power would probably
be 6.5 to 7. 'This ratio is greater even than 12 +5?=5.76, the ratio of
the squares of the diameters.

From this comparison of the results of our tests with those of Smeaton
and Perry it will be seen that the power of a natural moving air of a
given measured velocity is greater than the resistance of the air to a
wheel carried around in a circle. Some of the laws (see page 114)
which have been found to govern wheels moved against still air—
notably that the power increases as the cube of the wind velocity-—are
not applicable to windmills in moving air.

ECONOMIC CONSIDERATIONS.

~ The power of windmills has been computed from tests on model

windmills, in artificial air of low velocity, assuming, first, that the
power increases as the cube of the wind velocity, and, second, that
the power increases as the square of the diameter. Our tests of wind-
mills recorded in the preceding pages show that the power does not
increase much faster than as the square of the wind velocity, and
about as 1.25 times the power of the diameter of the wind wheel. We
believe that to these two false assumptions is due the exaggerated
power of windmills claimed by windmill makers and others interested.
A good 12-foot steel mill should furnish 1 horsepower in a 20-mile
wind (indicated) and 1.4 horsepower in a 25-mile wind. This is the
smallest amount of power that will do-any considerable amount of
useful work. A 16-foot mill will furnish 1.5 horsepower in a 20-mile
wind (indicated) and 2.3 horsepower in a 25-mile wind.

A 12-foot steel mill and a 50-foot steel tower as commonly made
weigh about 2,000 pounds. A 16-footsteel mill and a 80-foot steeltower
weigh about 4,250 pounds. The 16-foot outfit weighs more than twice
that of the 12 foot, and its power is only 1.5 that of the latter. -In
addition, the 12-foot mill will govern more easily and is less likely to
be injured in a storm than the 16-foot mill. In most cases, therefore,
it is better to use two 12-foot mills than one 16-foot mill. A

The economic value of a windmill depends on its first cost, on the
cost of repairs, and on its power. Most of the effort put forth at the
present time to improve windmills is directed toward reducing the
first cost. Competition is so strong that the cost must be kept low,
and this is often accomplished at the sacrifice of the other two factors—
cost of repairs and power. The pumping mills and their towers are,
as a rule, too light and lacking in stiffness. It is said that in some
parts of the West wooden mills are coming into use again, on account
of the lightness and poor quality of the steel mills. This, however, is
a fault.of the making, not of the material. The wooden tower is stiffer
and more rigid than the steel tower.

Power is the most important factor, and next to that should come
strength, stiffness, and durability.
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It has been shown that the steel mills, with their few large sails,
have much more power than the wooden mills with their many small
sails. (See page 106.) A mill should have as few moving parts as
possible, in order that the loss of power by friction shall be small,
also the liability to get out of working order be reduced to a minimum.
The power of a mill is at best so small that if there is much friction
there is little power left to do useful work. The grinder should be
on the foot gear and not worked by a belt, and the shafting and cog-
wheels should not be too heavy. In the large wooden mills the shaft-
ing is much too heavy; apparently it is designed on the assumption
that the mill will furnish several times more power than it really can.
The mill should be carefully erected, the vertical shafting exactly
vertical and the horizontal shafting truly horizontal, so that there
will be no binding of the parts. Poor workmanship is an important
cause of the small power of some mills. Only a skilled workman who
understands the business should be employed to erect a windmill.

The mills should be placed at a proper height above surroundmg
obstructions—at least 30 feet above the highest trees and buildings.
This calls for a tower from 50 to 70 feet high. It is better to use a
small wheel on a high tower than a large wheel on.a low tower. ‘An
8-foot wheel on a 70-foot tower will probably do more work in a given
time than a 12-foot wheel-on a 30-foot tower with trees and buildings
around it. The tower should be firm and rigid, no shaking. under a
heavy wheel load. Steel towers are in constant vibration under
heavy loads.

A mill should govern readlly at the proper Wmd velocity, but this
velocity need not be less that 30 miles an hour. A weight appears to
be better than a spring for holding the wind wheel in the wind. The
tension of a spring can not readily be changed when desired but may
gradually lose its tension. (See pages 60 and 110.) There is very great
need of an automatic device for changing the load on a pumping mill
as the wind velocity changes. The mill should start in a light wind,
say 4 to 5 miles an hour, or it will be idle many hours when it should
be at work; but in order to do this it must be lightly loaded, In the
higher Wlnd velocities, with a light load the mill will do only a small
fraction of the work it would do with a much heavier load.. The
increase in the load should be nearly proportional to the increase in
the wind velocity. (See page-113.) Until such a device is invented
the load should depend on the wind velocity of the place where the
mill is to be used and on the amount of storage.

The pumping mill is ordinarily constructed so that all of the useful
work is done on the upstroke of the pump, producing a jerky motion
and excessive strain on the working parts. This defect is partly
remedied by the use of a large plunger rod, which will force up some
of the water on the downstroke. ' A second remedy is the use of a
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lever with a heavy weight at one end, the other end being attached
to the plunger rod. As the plunger moves down the weight on the
end of the lever is raised on the upstroke. The descent of the weight
assists the mill in lifting the water. Neither device is satisfactory.
A pumping mill working direct stroke makes too many strokes per
minute at wind velocities above about 15 miles an hour. The valves
ordinarily used for small pumps will not work well if the number of
strokes is greater than 30 per minute. The mill should be geared
back about 2 to 1 for large mills and about 3 or 4 to 1 for small mills.






INDEX TO PAPERS 41 AND 42.

Page.
Aermotor, air action onsailof ........... 117-118
annual useful workof......_......... 118-119
comparisons with other mills .......... 50,

103-104, 128-130,136

descriptionsof............ ... 29-30,33-34,
35, 36-37, 4142, b1, 86-89, 91-92, 93-94, 101102
effect of air on sails of, diagrams show-

N e 117,118
effect of tension of spring of, diagram
showing ... ..iiiioiiiiiiiaiaaaas 110
foot gear of, view showing ............. 88
forms of, comparisons of different...... 69,
103,107-109
horsepower of, diagrams showing. 95,134,139
inventionof ...l n
King’s experiments with............... 18-20
manufacturersof ...........oeiiii. 29
revolutions of wind wheels of, diagrams
showing ... ..ot

sail of, view showing
tests of discussed mathematically.... 110-117

testsof, resultsof .......... .. 29-30, 33-34, 35,

86-37, 41-42, 51, 64, 86-89, 91-92, 93-94, 101-102
viewsof ...l 30.32,42,94,117
working parts of, views showing....... 29,87

Althouse windmill, Aermotor compared

with .. 103-104
description of '
horsepower of, diagram showing ....... 91
manufacturers of............. . 89

method of governing
revolutions of wind wheel of, diagram

showing ... ..ocoioiiiiiiaaaiaii..
tests of, results of
view of

American windmill, European windmill
11-12,14

compared with ...............__.
invention of..........
tests of, results of...........
Anemometer, deseription of
cups of, diagrammatic section of .......
inventor of -.....cooiiiiiiiiiiiiiiians
measurement of wind velocity by.
Views Of c.ooi i 28,46,131
Back-geared steel windmills, comparison
of direct-stroke wooden windmills

with. o 43
Burnham, J.,invention of American wind-
millby oo 11

Carlyle windmill, test of, results of 17
Centrifugal-governor method of regulation,

explanationof.... .. ... ... ... 14

IRR 42—01——96

Page.
Challenge windmill, description of........ 98-100
horsepower of, diagram showing .._.... 100
manufacturers of ...l 98
revolutions of wind wheel of, diagram
showing ....

tests of, results of.

Cornell windmill, deseription of
manufacturersof................
tests of, results of ...... ... ... .00 o
Cost of windmill plants ........... 28, 30,381,383, 44
Coulomb, C. A., windmill experiments by.. 16
windmill experiments by, compared
with Murphy’s experiments........
Defender windmill, view of ‘‘ water eleva-
tor”and ....oooiiiiiiiiiiiiaiiaaa
Dempster windmill, descriptions of...
manufacturers of...... et
tests of, results of.

Direct-stroke wooden windmills, compari-
son of back-geared steel windmills

With . .l 43
Dodge, Kans., wind movement at......... 70,118
Dutch windmill, featuresof................ 14
test of, at Lille, Flanders............... 16
view of, at Lawrence, Kans............ 14
Eclipse windmill, descriptionsof ....... 52-53,59
invention of ... ..ol 11
tests of, results of ....... Hemmeonnns 52-53, 59, 64
Elgin windmill, descriptions of......... 50-51, 92
tests of, results of . .......ooo.ooon 50-51, 64, 92
where manufactured................... 50
European windmill, compared with Amer-
ican windmill. ... ...l 11-12,14
early experiments with ................ 15-16
European post windmill,section of ........ 12
European tower windmill, diagram show-
ing head of i3

Fairbanks-Morse windmill,

manufacturers of....
tests of, results of ..o ooiieiianiiins

Flanders, test of Dutch windmill at........ 16
France, early use of windmillsin .......... 11
Frizell pump, efficiency of . ................. 24
working parts of, view of............... 40
Garden, Kans., irrigation by windmills at.. 21-22
PUIPS NOAT e e ecaeaeanaeemneenanna

wellsnear . ..c..cooeinmiernnnaraneinnnn
windmill experiments at
Gause pump, view of . .....oeaiiiiaaos




146 ' INDEX.

Page. | Page.
Gem windmill, descriptions of............. 84-35, | Lawrence, Kans., Dutch windmill at, view
42-43, 43-44, 4445 Of e e 14
manufacturers of..... PN 34 | Little Giant windmill, air action on sails
tests of, results of .. 34-85, 4243, 4344, 44~45, 64 Of o 129-130
44 action of wind on sails of, diagram show-
working parts of, viewof........._..... 40 5 07 130
German windmill, featuresof .............. 14 comparisons of other mills with ....... 12-14,
Griffiths, J. A., windmill experiments by.. 17-18 127-128,128-130
windmill experiments by, compared description of 125-126
with Murphy’s experiments...... 136-137 horsepower of, diagram showing ....... 129
Helliday windmill, comparisons of other manufacturersof .............. ... ... 125
millswith ... ... ..ol 104,109 revolutions of wind wheel of, diagram
descriptionof............... 43,47,49,61,94-96 showing
horsepower of, diagram showing ....... 96 tests of, results of.
manufacturers of ....._ . .......oi.ooa 47 viewof...........
method of governing...........c...... 14 | Marvin, C. F,,cited .........ocoouiioaaa ...
tests of, resultsof........ 43,4749, 61,64,94-96 | Mathematical discussion of tests of wind-
revolution of wind wheels of, diagram mills.............. 110-117,119-127, 129-130
ShOWINg . cooviiiiiii i 96 | Monitor windmill, comparison of other
VieW Of - 46, 60 mills with ......o..o..oooiiial... 105-107
working parts of, view of..... . 47 description of
Holland, early use of windmills in . . 11 horsepower of, diagram showing ...... 98
Hood, O. P., tests of Frizell pumps by....... 24 revolutions of wind wheel of, diagram
Horsepower, relation between wind veloc- ShOWINgG .. oviriiie i iieieaeennnss ; 98
ity and, diagrams showing ........ 66,67, swivel gearing of, view of .............. 97
91,94, 95, 96, 98,100,101, 107,122, 129, 134, 139 tests of, results of ....... 61-63, 64, 96-98
Horsepower and speed, effect of tension of VIEW Of «oeee i ieeaaaas 97
SPIiNg ON «.viniiiiiiiniieeeennn 110 working parts of, view of . ..... ... ... 62
Ideal windmill, comparisons with other Moore, W. L., cited .....cooeeiiiiiiiiiiiia. 118
mills. ...l 102-103,105-107 | Newell, F. H., letters of transmittal by..... 9,81
description of ...... 30-33, 8741, 44, 58,100-101 | Nebraska, windmills and pumps for use in. 71-72
horsepower of, diagram showing ....... 101 | Paddle-wheel windmills, comparison of
manufacturersof .. ...l 30 sail-wheel windmills and........... 12-14
revolutions of wind wheel of, diagram Perking'’s windmill, descriptionsof ........ 59, 86
SROWING « v neee e ieeeeeeeeeennnns 101 manufacturers of....................... '
testsof, results of . 30-33, 3741, 44, 58, 64, 100-101 tests of, results of...
ViewsOf. i 32,42,58 VIEW Of in i
working parts of, view of............... 38 working partsof, view of ............... 85
Indicated and true velocities of windmills, Perry, T. O., comparison of Murphy’s experi-
discussion of . 131135 ments with windmill, experiments
Irrigator, comparison of Aermotor with.... 50 DY et 20,139-141
deseriptionsof.........o.oo.oo.ooolLl elevation of wind-wheel apparatus used
manufacturersof..................olL. DY e 30
tests of, results of............. invention of Aermotor, by.............. 11

Italy, early use of windmills in windmill experiments by .............. 20-21
Jumbo windmill, comparisonsof other mills Power windmills, comparisonsof. 102-107,127-128
B2 11 1 D 12-14,127-128 comparison of pumping mills and... 107-109,
description of cvooioiiiiiiiiiiiia it 46 128-130
horsepower of, diagram showing....... 122 deseription of ... ..ol 83-84
mathematical discussion of results of difference between pumping mills and. 22
testsof .. oiiiii 119-125 economic considerationsof .......... 141-143
revolutions of wind wheel of, diagram horsepower of, comparative diagram
showing ..ocvenemneieniinaas showing ..........
tests of, results of. . method of testing
views of .oy e relation between wind velocity and
Junior Ideal windmill, description of...... 92-93 horsepower of, diagrams showing . 91,94,
horsepower of, diagram showing....... 94 95, 96, 98, 100,101,107, 122, 129, 134, 139
revolutions of wind wheel of, diagram relation between wind velocity and
ShOWINg «ooviiei e iiiiaiiciannann, 93 revolutions of wind wheels of, dia-
tests of, resultsof...............o.lll.. 92-93 grams showing ............ccoaaut 88,91,
Kansas windmills and pumps for use in.... 71-72 92,98, 94, 96, 98,100, 101, 105, 120, 121, 126
King, F. H., windmill experiments by...... 18-20 revolutions of wind wheels of, compara-
windmill experiments by, compared tive diagram showing.............. 1¢5
with Murphy’s experiments. ... .. 187-139 tests of, resultsof............. 15-16,19, 86-102
Langley, S. P, eited... ..o .. 134 useful work of........o.oiiiiiiiiinas 118-119



INDEX. 147
Page. Page.
Power windmills, viewsof ....... 90,94,97,99,120 | Star windmill, deseription of............... 35-36
Pressure-tank system, description of ....... 68-69 manufacturers of ... 35
Pumping windmills, backgeared and direct- tests of, resultsof...o......... .. ... 35-36, 64
stroke, comparison of............... 65-68 | Stone, R. G., pumps manufactured by...... 23
comparison of power mills and 107-109, | Stone pump, details of..
. 128-130 viewof coooiiiiiiiiiiinal,
difference between power millsand.... 22 | Stover windmill, test of, results of.......... 17
economic considerationsof........... 141-143 | Tension c?f spring, effect of, on speed and
instruments and methods used in test- hOTSePOWET <. e oo eieiieeeeaeaaaaens 110
b3 07 S Toowoomba windmill, test of, results of.... 17
pressure-tank system of .. Valley Falls, Kans., test of windmill plant
proper load for ......_._...._. R 61
relation between wind velocity and “ Water elevator,”” description of........... 50
horsepower of, diagrams showing. 50, View of ool 46

relation between wind velocity and
revolutions of wind wheels of, dia- -
gram showing .......o.o.ooaaoians 49
relation between wind velocity and
strokes of pumpsof, diagrams show-
g ... 28,32,383,36,39,41,45, 46, 48,53, 55, 56
relation between wind velocity and

strokes of pumpof......... ........ 65
tests of, results of
useful workof .................... 65-68, 69-71
viewsof ..... 26,28, 30, 32, 40, 42, 44, 46, 52, 58, 60
Pump strokes and wind velocity, relations
between, diagrams showing........ 28,

32,33, 36, 39, 41, 45, 46, 48, 53, 55, 56 -

discussion of ... .oiiiiiiiiiiiiiiaa, 65
Pumps near Garden, Kans., description of.. 23-24
Reciprocating piston pumps, efficiency of .. 23-24
Revolutions of wind wheel and wind ve-

locity, relations between, diagrams
ShOWINg «ocvreieieiiiieceieieaaanas 49, 88,
91,92, 93, 94, 96, 98,100, 101, 105, 120, 121,126
Regulating devices of windmills, descrip-

tion of 14
DY et tceeeaaaas 131,135
invention of anemometer by ........... 131
Sail-wheel windmills, comparison of paddle-
wheel windmills and............... 12-14
Semiarid regions, mills and pumps for use
D+ R 71-72
Smeaton, J., windmill experiments by.... 15-16,
20,135-136
Speed and horsepower, effect of tension of
B3 tet:0) SO vereene. 110

Wells near Garden, Kans., description of .. 22-23
Wheeler, L. H., invention of Eclipse wind-,

millby .c.ooivenn.. teeeeiesaanaean 11
Wind movement at Dodge, Kans., details
regarding.. ... .o....oi...... 118
relation befween circumference veloc-
ity of wind wheeland._._......_. 122-125
Wind velocity, relation between horse-
power and, diagrams showing...... 50,

66, 67,91, 94, 95, 96, 98, 100,
101, 107, 122, 129, 134, 139

relation between revolutions of wind
wheels and, diagrams showing .... 49,88,
91,92, 93, 94, 96, 98,100,
101, 105, 120, 121, 126

relation between strokes of pump and.. 65
relation between strokes of pumps and,
diagrams showing.................. 28,

32,38, 36,39, 41, 45, 46,48, 53, 55, 56
Wind-wheel tests, elevation of apparatus

used by Pgrry B3 1 D 20
Wonder pump, deseription of .............. 50-51
manufacturers of ...l 51
Woodmanse pump, sectional view of....... 27
Woodmanse windmill, descriptions of .... 51-52,
56-57
methods of governing .................. 14
tests of, resultsof.............. 51-52, 55-57,64
Woodmanse Mogul windmill, descriptions
[0 S 27-29, 51-52, 53-55, 55-57
manufacturers of. 27
tests of, results of . 27-29, 53-55, 64
viewsof ............ 28
pump, ete.; of, viewof.. ... ...l 54
working parts of, viewof............... 26



“ul



18935,

Sixteenth Annual Report of the United States Geological Survey, 1894-95, Part II,
Papers of an economie character, 1895; octavo, 598 pp.

Contains a paper on the public lands and their water supply, by F. H. Newell, illustrated
by a large map showing the relative extent and location of the vacant public lands; also a
report on the water resources of a portion of the Great Plains, by Robert Hay.

A geological reconnoissance of northwestern Wyoming, by George H. Eldridge,
1894; octavo, 72 pp. Bulletin No. 119 of the United States Gieological Survey;
price, 10 cents.

Containsa description of the geologic structure of portions of the Bighorn Range and
Bighorn Basin, es;l)ecially with reference to the coal fields, and remarks upon the water
supply and agricultural possibilities.

Report of progress of the division of hydrography for the calendar years 1893 and
1894, by F. H. Newell, 1895; octavo, 176 pp. Bulletin No. 181 of the United
States Geological Survey; price, 15 cents.

Contains results of stream measurements at various points, mainly within the arid region

and records of wells in a number of counties in western Nebraska, western Kansas, an
eastern Colorado.
1896.

Seventeenth Annual Report of the United States Geological Survey, 1895-96, Part
II, Economic geology and hydrography, 1896; octavo, 864 pp.

Contains papers on ‘“ The underground water of the Arkansas Vallej in eastern Colo-
rado,” by G. K. Gilbert; ‘‘The water resources of Illinois,” by Frank Leverett; and ‘‘ Pre-
liminary report on the artesian areas of a portion of the Dakotas,” by N. H. Darton.

Artesian-well prospects in the Atlantic Coastal Plain region, by N. H. Darton,
1896; octavo, 230 pp., 19 plates. Bulletin No. 138 of the United States Geolog-
ical Survey; price, 20 cents.

Giyes a description of the geologic conditions of the coastal region from Long Island,
N. Y., to Georgia,-and contains data relating to many of the deep wells.

Report of progress of the division of hydrography for the calendar year 1895, by
F. H. Newell, hydrographer in charge, 1896; octavo, 356 pp. Bulletin No. 140
of the United States Geological Survey; price, 25 cents.

Contains a description of the instruments and methods employed in measuring streams
and the results of hydrographic investigations in various parts of the United States.

1897.
Eighteenth Annual Report of the United States Geological Survey, 1896-97, Part
IV, Hydrography, 1897; octavo, 756 pp.

Contains a *“ Report of progress of stream measurements for the year 1896, by Arthur
P. Davis; ‘““The water resources of Indiana and Ohio,” by Frank Leverett; “ New devel-
opments in well horin%a.nd irrifa.tion in South Dakota,” by N, H. Darton; and * Reservoirs
for irrigation,” by J. D. Schuyler.

1899,

Nineteenth Annual Report of the United States Geological Survey, 1897-98, Part
IV, Hydrography, 1899; octavo, 814 pp.

Contains a * Report of progress of stream measurements for the calendar year 1897,” by
F. H. Newell and others; ** The rock waters of Ohio,” by Edward Orton; and *‘ Preliminary
report on the geology and water resources of Nebraska west of the one hundred and third
meridian,” by N, H. Darton. S

Twentieth Annual Report of the United States Geological Survey, 1898-99, Part
1V, Hydrography, 1900; octavo, 660 pp.
Contains a * Report of progress of stream measurements for the calendar year 1898, by
F. H. Newell, and ** Hydrography of Nicaragua,” by A. P, Davis.

‘WATER-SUPPLY AND IRRIGATION PAPERS, 1896-1899.

This series of papers is designed to present in pamphlet form the results of stream meas-
urements and of special investigations. A list of these, with other information, is given on
the outside (or fourth) page of this cover. -

Survey bulleting can be obtained only by prepayment of cost, as noted above.
Postage stamps, checks, and drafts can not be accepted. Money should be trans-
mitted by postal money order or express order, made payable to the Director of
the United States Greological Survey. Correspondence relating to the publications
of the Survey should be addressed to The Director, United States Geological
Survey, Washington, D. C.
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WATER-SUPPLY AND IRRIGATION PAPERS.

Pumping water for irrigation, by Herbert M. Wilson, 1896.
. Irrigation near Phoenix, Arizona, by Arvhur P. Davis, 1897,
Sewage irrigation, by George W. Rafter, 1897.
A reconnoissance in southeastern Washington, by Israel C. Russell, 1897,
Irrigation practice on the Great Plains, by E. B. Cowgill, 1897,
Underground waters of southwestern Kansas, by Erasmus Haworth, 1897.
. Seepage waters of northern Utah, by Samuel Fortier, 1897.
. Windmills for irrigation, by E. C. Murphy, 1897.
. Irrigation near Greeley, Colorado, by David Boyd, 1897,
10. Irrigation in Mesilla Valley, New Mexico, by F. C. Barker, 1898.
11. River heights for 1896, by Arthur P. Davis, 1897,
12. Water resources of southeastern Nebraska, by Nelson Horatio Darton, 1898,
3, Irrigation systems in Texas, by William Ferguson Hutson, 1898,
14. New tests of pumps and water lifts used in irrigation, by O. P. Hood, 1898.
15. Operations at river stations, 1897, Part I, 1898.
. 16. Operations at river stations, 1897, Part 11, 1898.
17. Irrigation near Bakersfield, California, by C. . Grunsky, 1898,
18, Irrigation near Fresno, California, by C. E. Grunsky, 1898,
19. Irrigation near Merced, California, by C. E. Grunsky, 1899.
20. Experiments with windmills, by Thomas O. Perry, 1899,
21. Wells of northern Indiana, by Frank Leverett, 1899.
22. Sewage irrigation, Part I1, by George W. Rafter, 1899, : .
23. Water-right problems of the Bighorn Mountzains, by Elwood Mead, 1899.
24, Water resources of the State of New York, Part I, by George W. Rafter, 1899,
25. Water resources of the State of New York, Part IL, by George W. Rafter, 1899.
26. Wells of sonthern Indiana (continuation of No. 21), by Frank Leverett, 1899.
27. Operations at river stations, 1898, Part I, 1899.
28. Operations at river stations, 1898, Part 1I, 1899,
V‘?:lls and windmills in Nebrasgka, by Erwin Hinckley Barbour, 1899.
30, Water resources of the Lower Peninsula of Michigan, by Alfred C, Lane, 1899,
31. Lower Michigan mineral waters, by Alfred C. Lane, 1899,
32. Water resources of Puerto Rico, by H. M. Wilson, 1900.
33. Storage of water on (#ila River, Arizona, by J. B. Lippincott, 1900.
34, Underground waters of a portion of southeastern 8. Dak., by J. E. Todd, 1900.
85. Operations at river stations, 1899, Part I, 1800.
36. Operations at river stations, 1899, Part II, 1900.
87. Operations at river stations, 1899, Part II1, 1900.
38. Operations at river stations, 1899, Part IV, 1900.
39. Operations at river stations, 1899, Part V, 1900,
40. The Austin dam, by Thomas U. Taylor, 1900.
41. The windmill: its eificiency and economic use, Part I, by E. C. Murphy, 1901.
42. The windmill: its efficiency and economic use, Part I, by E. C. Murphy, 1901.

In addition to the above, there are in various stages of preparation other papers
relating to the measurement of streams, the storage of water, the amount availakle
from underground sources, the efficiency of windmills, the cost of pumping, and
other defails relating to the methods of utilizing the water resources of the coun-
try. Provision has been made for printing these by the following clause in the
sundry civil act making appropriations for the year 18%6-97:

Provided, That hereafter the reports of the Geological Survey in relation to the
gaging of streams and to the methods of utilizing the water resources may be
rinted in octavo form, not to exceed 100 pages in length and 5,000 copies in num-
r; 1,000 co;ilies of which shall be for the official use of the Geological Survey,
1,500 copies shall be delivered to the Senate, and 2,500 copies shall be delivered to
thela P‘I)guse ({11;'_ ?;apresentatives, for distribution. (Approved, June 11,1896; Stat. L.,
vol. 29, p. 453.

The endeavor is made to send these pamphlets to persons who have rendered
assistance in their preparation through replies to schedules or who have furnigshed
data. Requests made for a certain paper and stating a reason for asking for it
are granted whenever practicable, but it is impossible to comply with general
demands, such as to have all of the series sent.

Application for these papers should be made either to members of Congress or to

THE DIREOTOR, UNITED STATES GEOLOGICAL SURVEY, WASHINGTON, D. C.
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