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The Windmill as a Farm Power,

As the farmers, dairymen, and stockmen come mors in the
possession of small machinery, such as grinders, feed cutters,
eorn shellers, wood saws, etc., it becomes necessary for them
to have some powsr or motor for running theiy® machinery. 1t
is the object of this *Thesis Woxk"® to investigate the power
windmill as to the adaption, durability, convenience, and
economy for rmmning light machinery.

The motors used for running small machinsry are steam
engines, gas and gasoline engines, olectrical motors, water

8WSeD DOWers
motors, tread or railway powers, , and power winimills., It 1is
a well known fact that windmills have been used for motive
power for years §, and have done their worxk well, but until
comparatively recent time they were so rudsly constructed
that so much time was lost in the attempt to adjust them to
the varying winds that they did not coms into extensive use.

If the pover of a wind that passed over a farm could be
barnessed and utilised it is very reasonable to assume that
it would ¢o all of the woxx on the farm and leave a nice
margin for extras. If this power could be controlled and
made to A0 service to man in driving machinew it would make
2 cheap motor, for the wind is free to all,

The power winimill as a motor aiffers from other motors
in its voxxing conditions. Its source of powsr 1s not stored
or controlled like that of other motors, bput is subject to
*the freaks of the wind.* By having some knowledge of the
action of the wind, the windmill as a motor could be detter
understood,for it is the pressure of the wind against the
sails thas rotates the driving wheel.

# The Windmill as a Prime Mover,by Alfred R. Wolff, contains
an account of the early history of windmills.






The pressure of tre wind against a plane surface varies
with the temperature, thie baromatric pressure, and the
square of the ean velocity. The following tanle is known

as Smeaton's Results, and is nearly accurate for a temper-

ature of avout 45°F at the sea levelsi-
Description Miles perFest per Feet per

Hourx Minute Second per Square Foot

Forcece in Pounds

Scarce Perceptivle- 1

88

1.4% . 0086
Just Perceptible - 2 to( 2 176 2.98 « 020
(3 264 4.04 « 044
Gentle Broeesgse- - - 4 to( 4 352 5.87 079
(5 440 7.33 «123
Pleasant Breege- - 10 to(10 880 14.87 « 491
(16 1330 22« 1.107
Brisk Gale - - - - 80 to(20 17e0 29.03 1.968
(265 2200 88. 08 3.075
High ¥ind- = - ~ - 80 to(30 2840 44. 4.428
(85 3080 51.08 8.027

Very High Wina
Storm- 40 to{40 3520 58. 08 7.872
45 3980 88, 0.988
Great Storm- - - - 60 to(50 4400 78,03 12,300
(80 5280 88, 17.712
(70 6160 102, 07 24,108
Hurrican- - - - - 70 to( 80 7040 117.038 31.488
(100 8800 148.08 49, 200

From the atove table, it is to be ssan that the pressure
of the wind is four times as great whren the velocity of the
wind is only 4oubled. Theorstically, the windmill will de-
velope four times as much powor with a 20 mile wind as
with a 10 mile wind. From the above table, it is also to
be seen that the power or energy of a brisk gale or high
wind is very great. But the windmill has not yet reached
such a stare of perfection that it can utilize much of the
power @r energy of the wind which comes in contact with the
surface of its sails. The reason why the windmill utilizes
so small an amount of the energy of the wind may be seen
from the following: Let A. B.,in the dizgram, be a strip
taken from the outsar end of one sail of a windmill. It

may be curved, but for this purpose it may be considered
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direction of the wind.

C 7represents the amount amd

direction of the wind; V

reproesents the amount and dirsection
of tre velocity of the surface A B. Then the relative B
velocity of the wind- that 1s, its velocity with respect

to the moving surface A B~ 1is vi the diaronal of the par-
allelogram constructed on V and C as sides V’makes an angle
B with the sloping surface A B. If V= O~ that is, if the
wheel is held so that it cannot revolve- the angle Ss ¢, As
V increases B grows less and less, and finally becomes
gero, in which case V'is parallel to surface A.B. In this
case the surface receives no pressure from the wind- this
portion of the sail is not utilizing any of thre energy of
the wind. If V be still further increased, B becones nega-
tive and the wind pressure is on the opposite side of A B.
This portion of tre s31i1 18 then doing work on the wind in-
stead of the wind doing work on the sail. The effective
wind arsa of a sall being the projection of the sail on

a plain at right angles to the relative velocity of wind
over it- that is, to V- it is seen that as V increases the
effoctive wind area decreases. The energy which the sail

takes from the wind 1is proporitional to the effective wind
area.
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The average velocity of K,ti’".e wind for the day time during
/

1897 at M. A. C., was i}s"lmiles per hour; for the night time
3.59 miles per hour. The number of hours the velocity of
the wind was above © miles per hour was 522 hours for the
day time, and 348 hours for the night time. In the U. S.
Weather Bureau Report for 1896-'97, we find the average
velocity of the wind ending Dec. 31,1888, as follows:

Detroit Alpena Grand Marquette Port Huron Sault Ste.

Haven Marie
Jan. 10.4 9.6 1ll.1 10.8 10.8 8.4
Fo. 13.8 ll.1 12.6 10.8 18.8 9.0
Uaxr, 11.9 11,3 1.3 12.8 13.6 9.4
ADX™. 11.8 10.6 18.0 10.7 12.0 9.4
May. 1l.1 10.6 10.85 9.8 11.7 10.4
June. 7.8 7.7 7.8 7.% 8.3 7.4
July. 8.8 7.5 7.7 8.3 9.8 8.7
Aug. 7.9 8.0 8.8 9.3 2.6 7.3
Sept. 8.9 9.5 2.1 11.8 10.7 8.7
oat. 9.9 9.0 9.6 9.9 10.8 8.2
Nove 183.8 11.86 13.8 11.4 18.7 11.23
Dec. 9.9 8.8 9.8 9.9 10.6 8.0
Year 10.%2 V.8 10.4 18.8 TI.8 8.8

The windmill as a power is adapted to ™un all sorts of
small nachinery where constant and steady power 18 not re-
quired, the work being in proportion to the size of the mill.
It is made to run a pump, and the pump may he at any reason-

able aistance; it is most largely used for grinding,
cutting feed, and shelling corn, but may also be attached

to wood sawa, lathes, clurns, elsvators, or other light
machinery. The oream separator cannot be run by this kind
of power, because the wind is not steady; nor can it be used
for f111ing silos with ensilage, because the wind cannot

be depended upon.

The durability of the power windimill depends largsely upon
the material and the workmanship in its construction, but
the care of the mill is also an inportant factor. Being






oexposed to the weather three hurdred sixty-five days of the
yea®, the gearing of the windmill needs to be kept well
oiled, and its wood work needs to be kept well painted.
L.ike ottrer machinery, the power windmill will last longer
if it is simply constructed. If a stebl power windmill is
properly erected on a good foundation there is no reason
to doubt vut that it will last as long as amy other.power.

The conveniencs of the power windmill depends upon the
use to which it is put. It is as convenient as any station-
ary motor, except it can be used only when the wind dlows.
withbins and elevators the power windmill for grinding has
the same advantage over other motors as the windmill for
pumping h2s over other motors. The powser windimill needs
but very 1itlle attention, and it generally runs on stormy
days when work cannot be done out af doors.

The motor that furnishes the desired amount of power for
the least current expence is the most economical. The cur-
rent expense depends upon the first cost, interest on the
capital invested, deterioration, repairs, attendance, oil,
and fuel (when used). The last is gero in the case of ths
windmill, for tte wind is a free gift of nature. The at-
tendance for the leading Anerican type of windmill re-
quires only the filling of o1l cups once a week, (which can
be done in a few minutes), twenty-five cents a month would
be axtravagant wages for such service. The expense for
repairs and depreciation items could be covered by five
per cent per annum on the investment, and the expenss for

lubricants for one vear would not excsed one dollar,

A certain 14-ft power windmill and grinder, costing






$1650.00 durine the year 1897, finely ground 80 tons of hay,
besides cutting all the stalks from 8 acres of good corn,
and 4oing other work. At eight cents per owt., it would
cost $86.80 for srinding 18 tons. The expense for grinding
this amount with the windmill was as follows:

Interest at 7% on $160.00- - -$10.50
Repaira, etc at 6% on $150.00- ¥.60

Aytendance at per month- - 3.00
01l - = = - = = = = -w oo« 1,00
Totalee -

The difference in the cost of grinding the grain would
be $8,60, while the power for the rest of the work would
be clear gain. In this case the handling of the grain was
not considered, for it would have been necessary to handle
the grain if it had been ground by any other power. I
should also say that this mill 4id not 4o one fourth of
what 1t conld have done.

The mechanical horse power developed by the power windmill
varies with the size of the wheel and the velooity of the
wind, VWith varying velocity of wind, several tests of dif-
ferent mills were made by means of th® Proney brake. The
brake consisted of a piece of s8ix inch belt laid over the
top of the driving wheel A spring balance reading to
quarters of a pound was made fast at one end, the other
end being fastened b0 the tight end of the belt. By voigh#f"
ing the loose end of the belt, the spring balance couwld bve
made to read any desired number of pounds, and tihus the
load on the mill could be regulated. By holding the speed
counter on the end of the shaft, the number of revolutions
of the driving-wheel per minute was found. If V equals
the number of revolutians of the driving-wheol per minute,
L the load as shown by the spring balance minus the weighis
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on the pelt, and D the diamster of the driving-wheel in
fast, we have the numbsr of foot- pounds per minute:
Foot-pounds equal L.VW D. The hors-power equals %rr

During the time each mill was tested, the velocity og the
wind was measured by én ahemometer near the sails. The

results are i1s follows:
Tempoer- Velocity Horse

S8ize of mill. ature. of wind power Remarks.
13 £t steel
winamill 30°¥ 2 387
e » 28° 1 . 808
" . " 13.% « 303
¢ 0 20¢ l «8178)
L T . 12.73 ¥ ; mill stopped for a
“e . . 14. «348 ) feow seconds during
"o v . 134 . 3313 the test.
LI . 30° 30 1.81
14 £t wood
winamill 30 14 « 31885
. LI 24 18 . «B38
. e 0 20 27 1.210
14 £t steel
windmill 23 a7 1.000 #the seven following
13 £t stesl are from the same
mill 20 15} . 305 mill.
. . ® 20 17 « 5805

In order to ottain more practical infornation regcarding
motors for fam purpose, a fow letters were sent to 4if-
ferent parties containing the following questions:

l-How long have you had your power?
2-¥hat condition is 1t in now:
8-¥hat did it cost your?
4-D0 you use it muochg
6-Whnt machinery 4o you run by 1it?
8-Does the powar pay for itself?
7-Have you paid out much for repatrs?
8-What is the expense of running it one day?
9-W¥hat can you acoomplish in one day with it?
10-If you have objections to your present power,
please state them briefly.
1ll-If you did not have your present power, what kind of a
power would you purchase?
13-What kind of power would you recormend for a common
farmer to bvuy?
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The following are answers corresponding to the questions:-
A 14 ft. steel mill.

l-Nearly three years.

2-Nearly as good 88 new,

3-3214.00, with grinder.

4-YOS,.

6-¥/0o0d saw, emery wheel, feed grinder and feed cutter,
8-It would p2y for itself in six years.

720,

B-llothing.

9-Grind from 6§ to 10 bushels per hour,

10-It does not always run when I want to use 1it,
ll-Steam en_ine,

13-Power windmill. (“his person has & 14 ft steel mill).

A 14 % wood wheel.

l=Eightesn years,

3-Falir condition.

3-$226.00 for mili and s rinder.
4‘-Y630

B-Grinder, wood saw, feed cutter, and corn sheller.
6-Yes, many times,

7-Nothing only for oil.
8-Nothing.

9=-CGrind 16 bushel per hour.
10-I have no objections.
1l1-Windmill.

13-Windmill.

A 14 £t wood wheel.

l-Four years.
3-NeaTly as good as new,

3-$100. 00,

4-Yes,

6-Crinder, suws, o6mery wheel, grindstone, corn sheller,
8-Yes, and feed cutter.
7-None.

8-NO axpense.

9-Grind from 6 to 10 bpushel per hour.
10-Xone.

ll-Winamill,

12-Windmill.

Three Norse tread power,

l1-Five yeears.

8-000d.

3-$120.00, and rreight.

4-Ab0:t one month.

g—%’hresher and separator, 34 inch cylindex.
=Y 08e

7-Very 1little,

8-Thoe use of three horses.

g-al‘hresh 75 bushels.

TY Maaanl 2"
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Tread Power,

l-3ixteen years.

2=G00d..

8-$180. 00,

4-Yes.

6~-Threshing machine, wood saw, and ensilage cutter.
8-Many times over.

7-Repairs too little to consider.
8-Vory 1ittle.

O

10-No objections.

11-A new one like 1it.

13-A two horse tread powel.

gasoline Engine.

l=Nearly thres years.

2-G004 as new.

3-$800. 00,

4-Fall and winter, mostly.

8-Corn husker, buzz saw, feed grinder, and corn sheller.

8-It will in time,

¥v-76¢ oper dozen tubes, and ons tube will last thresc days.

8-40¢ to 8(Fper day.

9-HHusk 6 acres of corn, cut 15 to 20 cords of wood, and
grind a bag of grain in 90 seconds,

10-Fire goes out on windy days.

l1-Gasoline engine.

13-@or the amount of money, a gasoline sngine.

The amount of fesed ground by a 14 ft wood wheel windmill
for three years was fifty tons. (This was done beside do-
ing other work). The same mill ground 4668 pounds of corm
and 200 pounds of oats in 11 hours with a ten mile wind,
With a 24 4/7 mile wind it ground 330 pounds of corn
aml 370 pounds of oats in three hours. In both cases the
grain was ground fine. At another time it ground six
bushels of grain in one hour, and it furnished the power
to cut 20 cords of wood in five hours, velocity of the wind
not known.

It nay be of intersst to note that Mr. MoQuesten, of
Marblehead Neck, Mass., has a 230 foot power winimill which

furnishes power for a small electric 1ight plant, consist-

ing of a 3 Kw. dynamo and a set of 48 cells of storage






battery, having 140 lamp-hours capacity. This plant fur-
nishes lights for his buildings, containing in all 137
lamps. From 40 to 80 lamp hours per day are used.

From a letter written to Mr. MoQuesten inquiring about
the electric light plant, the following letter was received
from his brother:

*Dear Sir:: Replying to your favor of January 7th, the
electric light plant you refer to belongs to my drother,
who is abroad and will not raturn for several months.

While I am not well enough acquainted with the plant to
give you all the information you ask for, I know the plant
is, and always has been, a success., It is practical,

gives a steady light, and 1s economical to run.?®

For further information on this sudbjsct, the following
articles found in the Library at M. A. C., may be of service:

The Windmill as a Prtme Mover, by A. R. Wolff,(T.B.W.83)
The Power of a 16 £t Windmill,Bulletin No.88 of the Was. Ag.

BExp. 3Sta.
¥ind and Tread Powers,Brood.ors' Gazette,yr.laas,pago 147,
w1m Pawer, * 1086,
Mich.Farmer . 1897 * 158.Feb.27%
' ' Ld L] v . 37.Jan.16
. " L] . . 1898 * 117.Feb.13
LI " v * 1897 » 177.Mar.68
: . . v LA *  278.Apr.10
L] ] ] ] | ] | J 397, ¢ 17
L] ] [} (] » ] [ ] 337.1‘" 1
" ] " " » ] » 'ggg8, * 32
LI | " . " . ¥ 438,June 8
L [ ] ] [ ] | J L} L 458. L] 12
: ] ] ] | J " " 407, " f6
] L] ] L ] "
A Well Arranged Famm Mill' . » Dgcl;::ug‘?
W2nd Power . " 1888 * 2382.Apr.9
Steal Power ) . » 1897 » 9l.Aug.”?
Gasoline Engine . » 0 ® % 374.Nov.320
Home-made Horse Power * . » s Dec.11
Tread Power Breeders' Geszette * 18068 60
Tread Power vs. Swesp Power » . ) * % 308
Gas Engine » . ) . » 107’
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The following is a 1list of addresses of the leading
windmill manufacturing companies in the United States:

United States Wind, Engine and Pump Co.,Batavia, Ill.
Appleton Mfg., Co., Batavia, Ill.

The OChallange Windmill Co., Batavia, Ill.
Fairvanks, Morses & Co., Chicago, Ill.
Aermotor Co., Chicago, Ill.

E. B. Wineger, Chicago, Ill.

American ¥hosl Works, Aurora, Ill.
Porkins Windmill Co., Mishawaka, Ind.
Plint & Walling, Kendallville, Ind.

Mast, Foos & Co., Springfiled, O.
Althouse Wneel Co., Waupun, Wis.

S. Frssman & Sons Mfg., Co., Racine, Wis.
Mawd-S Windmill Co., Lansing, Mich.
Phelps & Bigelow Windmill Co., Kalamazoo, Mich.
Eureka ¥Windmill Co., Kalamazoo, Mich.
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