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1845 Trillium flore pedunculato cernuo, Lin. Sp.

1846 Valeriana montana fubrotundo folio, C. B. P.
165.

1847 Vicia’;:edunculis multifloris, petiolis polyphil-
lis, foliolis lanceolatis glabris, Hort. Upfal,
219.

1848 Vicia fylvatica multiflora maxima perennis,
tetro odore, floribus albentibus, lineis ceru-
leis ftriatis, Pluk. Alm. 387.

1849 Vinca foliis oblongo-ovatis integerrimis, tubo
floris longiffimo, caule ramofo fruticofo,
Miller’s Iconf.

1850 Xanthium, five Lappa minor, J. B. ‘3 572.

Lappa minor, five Xanthium Diofcorid. C.

B.P. 198,

XVIIL. An experimenml} Enquiry concerning
the natural Powers of Water and Wind to
turn Mills, and other Machines, depending

on a circular Motion. By Mr. J. Smeaton,
E.R.S.

Read May 3, HAT I have to communicate on
& 10, 1759- this fubje@ was originally deduced
from experiments made on working models, which
1 look upon as the beft means of obtaining the out-
lines in mechanical enquiries. But in this cafe it
is very neceflary to diftinguifh the circumftances in
which a model differs from a machine in large;
otherwife a model is more apt to lead us from the

truth
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troth than towards it.  Hence the common obferva-
tion, that a thing may do very well in a model, that
will not anfwer in large. And indeed, tho’ the ut-
moft circumfpection be ufed in this way, the beft
ftru¢ture of machines cannot be fully afcertained,
but by making trials with them, when made of their
proper fize. It is for this reafon, that, tho’ the mo-
dels referred to, and the greateft part of the follow-
ing experiments, were made in the years 1752 and
1753, yet I deferred offering them to the Society,
till I had an opportunity of putting the deductions
made therefrom in real practice, in-a variety of cafes,
and for various purpofes ; fo as to be able to aflure
the Society, that I have found them to anfwer.

PART L

Concerning UNDERSHOT WATER-WHEELS.

PraTe 1V. Fig. 1. is a perfpective view of the ma-
chine for experiments on water-wheels ; wherein
ABCD is the lower ciftern, or magazine, for re-
ceiving the water, after it has quitted the wheel ;
and for fupplying

D E the upper ciftern, or head; wherein the water
being raifed to any height required, by a pump,
that height is thewn by

F G, a fmall rod, divided into inches and parts ;
with a float at the bottom, to move the rod up
and down, as the furface of the water rifes and

- falls.

H 1 is a rod by which the fluice is drawn, and ftopt

at any height required, by means of
K a pin or peg, which fits feveral holes, placed

In
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in the manner of a diagonal fcale, upon the face
of the rod H L.

G L is the upper part of the rod of the pump, for
drawing the water out of the lower ciftern, in
order to raife and keep up the furface thereof
at its defired height, in the head D E ; thereby
to fupply the water, expended by the aperture
of the fluice. ’

MM is the arch and handle for working the pump,
which is limited in its firoke by

N a piece for ftopping the handle from raifing the
pifton too high ; that alfo being prevented from
going too low, by meeting the bottom of the
barrel. ,

O is the cylinder, upon which a cord winds, and
which being conducted over the pullies P and
Q_, raifes

R, the fcale, into which the weights are put, for
trying the power of the water.

ST the two ftandards, which fupport the wheel,
are made to flide up and down, in order to ad-
juft the wheel, as near as poffible, to the floor
of the conduit.

W the beam which fupports the fcale and pul-
lies ; this is reprefented as but little higher than
the machine, for the fake of bringing the figure
into a moderate compafs, but in reality is placed
14 or 16 feet higher than the wheel.

PraTe V. Fig. 2. is a fection of the fame machine,
wherein the fame parts are marked with the fame
letters as in Fig. 1. Befides which

X X is the pump barrel, being 5 inches diameter,

and 11 inches long.
Y is
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Y is the pifton; and
Z the fixed valve.

G V is a cylinder of wood, fixed upon the pump-
rod, and reaches above the furface of the wa-
ter ; this piece of wood being of fuch a thick-
nefs, that its feion is half the area of that of the
pump-barrel, will caufe the furface of water to
rife in the head, as much while the pifton is
defcending, as while it is rifing: and will there-
by keep the gauge-rod F G more equally to its
height. Note, the arch and handle M M is here
reprefented on a different fide to what it is fhewn
in the preceding figures, in order that its dimen-
fions may the better appear.

a a fhews one of the two wires which ferve as di-
reors to the float, in order that the gauge rod
F G may be kept perpendicular ; for the fame
purpofe alfo ferves w, a piece of wood with a
hole to receive the gauge-rod, and keep it up-
right.

b is the aperture of the fluice.

¢ ¢ a kant-board, for throwing the water more di-
rectly down the opening ¢ d, into the lower
ciftern: and

¢ e is a floping board, for bringing back the water
that is thrown up by the floats of the wheel.

Fig. 3. reprefents one end of the main axis, with a
fe&tion of the moveable cylinder, marked O in the
preceding figures.

ABCD is the end of the axis ; whereof the parts

B and D are covered with ferrules or hoops of brafs.

E is a cylinder of metal ; whereof the part marked
Fis
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F is the pivot or gudgeon.

cc is the feGtion of an hollow cylinder of wood,
the diameter of the interior part being fome-
what larger than the cylindrical ferrule B.

a a is the fe&ion of a ferrule of brafs, driven into
the end of the hollow cylinder, and which is
adjufted to that marked B, fo as to flide fieely
thereupon, but with as little fhake as pofiible.

bb, dd, g g, reprefent the fection of a brafs ferrule,

late, and focket, fixed upon the other end of

the hollow cylinder ; the focket d 4 being ad-

jufted to {lide freely upon the cylinder E, in the

fame manner as the ferrule 22 flides upon the
cylinder B : the outer end of the focket at

g & is formed into a fort of button; by pufhing
whereof, the hollow cylinder will move back-
wards and forwards, or turn round at pleafure
upon the cylindrical parts of the axis B and E.

ee, 74, 0o, reprefent the fection of a brafs ferrule, al-
fo fixed upon the hollow cylinder : the edge of
this ferrule

ee is cut into teeth, in the manner of a contrate
wheel ; and the edge thereof

¢o is cut in the manner of a ratchett.

Of confequence, when the plate 6d 44 is
pufhed clofe to the ferrule D, the teeth of the
ferrule ee will lay hold of

G, a pin fixed into the axis; by which means the
hollow cylinder is made to turn along with the
wheel and axis: but being drawn back by the
button g¢, the hollow cylinder is thereby dif-
engaged from the pin G, and ceafes turning.
Note. The weight in the fcale is prevented

from
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from running back, by a catch that plays in
and lays hold of the ratchet oo.

By this micans the hollow cylinder upon which
the cord winds, and raifes the weight, is put in
acion and di{charged therefrom inftantaneoufly,
while the wheel is in mation: for without fome
contrivance of this kind, it would not be eafy
to make this fort of experiments with any to-
lerable degree of exactnefs.

The ufe of the apparatus now defcribed will be
rendered more intelligibie, by giving a general idea
of what I had in view ; but as I fhall be obliged to
make ufe of a term which has heretofore been the
caufe of difputation, I think it neceffary to affign the
fenfe in which T would be uuderftood to ufe it; and
in which I apprehend it is ufed by practical Mecha-
nicks. '

"The word Power, as ufed in practical mechanicks,
I apprehend to fignify the exertion of ftrength, gra-
vitation, impulfe, or preflure, fo as to produce mo-
tion: and by means of firength, gravitation, im-
pulfe, or preflure, compounded with motion, to be
capable of producing an effect : and that no effect is
properly mechanical, but what requires fuch a kind
of power to produce it.

The raifing of a weight, relative to the height to
which it can be raifed in a given time, is the moft
proper meafure of power ; or, in other words, if the
weight raifed is multiplied by the height to which
it can be raifed in a given time, the product is the
meafure of the power raifing it ; and confequently,
all thofe powers are equal, whofe produéts; made by

Vor, LL P fuch
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fuch multiplication, are equal: for if a power can
raife twice the weight to the fame height; or the
fame weight to twice the height, in the fame time
that another power can, the firft power is double the
fecond : and if a power can raife half the weight to
double the height ; or double the weight to half the
height, in the fame time that another can, thofe two
powers are equal. But note, all this is to be under-
ftood in cafe of flow or equable motion of the body
raifed ; for in quick, accelerated, or retarded mo-
tions, the wis inertie of the matter moved will make
a variation.

In comparing the effe@s produced by water-
wheels, with the powers producing them; or, in
other words, to know what part of the original
power is neceffarily loft in the application, we muft
previoufly know how much of the power is {pent
in overcoming the friGtion of the machinery, and
the refiftance of the air; alfo what is the real velo-
city of the water at the inftant that it ftrikes the
wheel ; and the real quantity of water expended in
a given time.

From the velocity of the water, at the inftant that
it ftrikes the wheel, given; the height of head pro-
ductive of fuch velocity can be deduced, from ac-
knowleged and experimented principles of hydrofta-
tics : fo that by multiplying the quantity, or weight
of water, really expended in a given time, by the
height of head fo obtained; which muft be confi-
dered as the height from which that weight of wa-
ter had defcended in that given time ; we fhall have
a produ@, equal to the original power of the water;
and clear of all uncertainty, that would arife from
the friction of the water, in paffing {mall apertures d,

an
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and from all doubts, arifing from the different mea-
fure of {pouting waters, afligned by different authors.
On the other hand, the fum of the weights raifed
by the action of this water, and of the weight re-
quired to overcome the friction and refiftance of the
machine, multiplied by the height to which the
weight can be raifed in the time given, the product
will be equal to the effect of that power ; and the
proportion of the two products will be the propor-
tion of the power to the effel? : fo that by loading
the wheel with different weights fucceffively, we
fhall be able to determipe at what particular load,
and velocity of the wheel, the effe& is a maximum.

The manner of finding the real velocity of the
water, at the inftant of its ftriking the wheel ; the
manner of finding the value of the fri¢tion, refift-
ance, &c. in any given cafe; and the manner of
finding the real expence of water, fo far as con-
cerns the following experiments, without having re-
courfe to theory ; being matters upon which the fol-
lowing determinations depend, it will be neceffary
to explain them.

To determine the Velocity of the Water firiking the
Wheel.

It has already been mentioned, in the references
to the figures, that weights are raifed by a cord
winding round a cylindrical part of the axis. Firft,
then, let the wheel be put 1n motion by the water,
but without any weights in the fcale; and let the
number of turns in a minute be 60: now it is evi-
dent, that was the wheel free from fri¢tion and refift-
ance, that 6o times the circumference of the wheel

P2 would
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would be the fpace through which the water would
have moved in a minute ; with that velocity where-
with it ftruck the wheel: but the wheel being in-
cumbred by friction and refiftance, and yet moving
60 turns in a minute, it is plain, that the velocity
of the water muft have been greater than 6o cir-
cumferences before it met with the wheel. Let
now the cord be wound round the cylinder, but
contrary to the ufual way, and put a weight in
the fcale ; the weight fo difpofed (which may be
called the caunter-wezgft) will endeavour to affift the
wheel in turning the fame away, as it would have
been turned by the water: put therefore as much
weight into the fcale as, without any water, will
caufe it to turn fomewhat fafter than at the rate of
6o turns in a minute ; fuppofe 63 : let it now be
tried again by the water, affifted by the weight; the
wheel therefore will now make more than 6o turns;
fuppofe 64 : hence we conclude the water ftill ex-

erts fome power in giving motion to the wheel. Let
the weight be again increafed, fo as to make 64;
turns in a minute without water: let it once more
be tried with water as before ; and fuppofe it now
to make the fame number of turns with water as
without. w7z, 641 : hence it is evident, that in this
cafe the wheel makes the fame number of turns in
a minute, as it would do if the wheel had no fric-
‘tion or refiftance at all ; becaufe the weight is equi-
valent thereto; for was it too little, the water would
accelerate the wheel beyond the weight ; and if too
great, retard it; fo that the water now becomes a
regulator of the wheel’s motion; and the velocity
of its circumference becomes a meafure of the velo-

city of the water.
In
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In like manner, in feeking the greateft produ&,
or maximum of effe¢t; having found by trials what
weight gives the greateft product, by fimply multi-
plying the weight in the fcale by the number of turns
of the -wheel, find what weight id the {cale, when
the cord is on the contrary fide of the cylinder, will
caufe the wheel to make the fame number of turns
the fame way, without water; it is evident that this
weight will be nearly equal to all friction and refift-
ance taken together; and confequently, that the
weight 7z the fcale, with twice * the weight of the
fcale, added to the back or counter-weight, will be
equal to the weight that could have been raifed, fup-
pofing the machine had been without friction or re-
fiftance ; and which multiplied by the height to
which it was raifed, the product will be the greateft
effe@ of that power.

The quantity of water expended is found thus :

'The pump made ufe of for replenithing the head
with water was fo carefully made, that no water
efcaping back by the leathers, it delivered the fame
quantity of water at every ftroke, whether worked
quick or flow ; and as the length of the firoke was
limited, confequently the value of one firoke (or on
account of more exactnefs 12 ftrokes) was known, by
the height to which the water was thereby raifed in
the head ; which being of a regular figure was eafily
meafured. The fluice, by which the water was drawn
upon the wheel, was made to ftop at certain heights
by a peg; fothat when the peg was in the fame hole,

* The weight of the fcale makes part of the weight both ways. |
‘ the
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the aperture for the effluent water was the fame.
Hence the quantity of water expended by any given
head, and opening of the fluice, may be obtained : for
by obferving how many ftrokes a minute was fufhi-
cient to keep up the furface of the water at the given.
height, and multiplying the number of ftrokes by the
value of each, the water expended by any given
aperture and head in a given time will be given.

Thefe things will be further illuftrated by going
over the calculus of one fett of experiments.

Specimen of a Sett of Experiments.

The fluice drawn to the 1ft hole.
The water above the floor of the fluice 30 Inches,
Strokes of the pump in a minute —  39%
The head raifed by 12 ftrokes —— 21 Inches.
The wheel raifed the empty fcale, and made turns
in a minute 8o
With a counter-weight of 11b. 8 0z. it made 85

D° tried with water 86
N° Weight,  Turns in a min. Produ&.
b, ox.
I = 4 O — 45 — 180
2 — 5 O = 42 — 2I0
3 — 6 o — 36} — 217}
4 — 7 0o — 33% — 236f
5 — 8 o — 30 — 240 maximum.
6 — 9 o — 26§ — 238%
4 == 10 O — 22 — 220
8 — 1I 0 — 163 ~— 181}
9 — 12 * ceafed working,

* N. B. When the wheel moves fo flow as not to rid the wa-
ter fo faft as fupplied by the fluice, the accumulated water falls
back upon the aperture, and the whecl immediately ceafes moving.

Counter
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Counter-weight, for 30 turns without water, 2 oz. in

the fcale.

N. B. The area of the head was 1035,8 fquare inches.
Weight of the empty {cale and pulley, 10 oz.
Circumference of the cylinder, g inches.
Circumference of the water-wheel, 75 ditto.

Reduction of the above Sett of Experiments.

The circumference of the wheel, 74 inches, mul-
tiplied by 86 turns, gives 6450 inches for the velo-
city of the water in 2 minute; 7% of which will be
the velocity in a fecond, equal to 107,5 inches, or
8,96 feet, which is due to a head of 1§ inches *;
and this we call the virtual or effective head.

The area of the head being 104,8 inches, this
multiplied by the weight of water of the inch cubic,
equal to the decimal ,579 of the ounce avoirdupoife,
gives 61,26 ounces for the weight of as much water,
as is contained in the head, upon 1 inch in depth,
7% of which is 3,83 pounds; this multiplied by the
depth 21 inches, gives 80,43 1b. for the value of 12
firokes ; and by proportion, 39+ (the number made
in a minute) will give 264,7 lb. the weight of wa-
ter expended in a minute.

Now as 264,7 1b. of water may be confidered as
having defcended through a fpace of 1§ inciies in a
minute, the produé& of thefe two numbers 3070 will
exprefs the power of the water to produce mechanical
effects; which were as follows.

# This is determined upon the common maxim of hydroftatics,
that the velocity of fpouting waters is equal to the velocity that
an heavy body would acquire in falling from the height of the
refervoir ; and is proved by the rifing of jets to the height of their
refervoirs nearly.

The
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The velocity of the wheel at the maximum, as ap-
pears above, was 30 turns a minute; which mul-
tiplied by ¢ inches, the circumference of the cylin-
der, makes 270 inches ; but as the fcale was hung
by a pulley and double line, the weight was only
raifed half of this, viz. 135 inches.

The weight in the fcale at the maximum 8/, ooz,

Weight of the {cale and pulley — o 10

Counterweight, fcale, and pulley — o 12

Sum of the refiftance @— — 9 6
or lb. 9,375.
Now as 9,375 b, is raifed 134 inches, thefe two
numbers being multiplied together, the produét is
1266, which expreffes the effect produced at a ma-
ximum : fo that the proportion of the power to the
effeét is as 3970 : 1266, or as o : 3,18,

But tho’ this is the greateft fngle effet producible
from the power mentioned, by the impulfe of the
water upon an underthot wheel ; yet, as the whole

wer of the water is not exhaufted thereby, this
will not be the true ratio between the power of the
water, and the fum of all the effec?s producible
therefrom : for as the water muft neceflarily leave the
wheel with a velocity equal to the wheel’s circum-
ference, it is plain that fome part of the power of
the water muft remain after quitting the wheel.

The velocity of the wheel at the maximum is 30
turns a2 minute ; and confequently its circumference
moves at the rate of 3,123 feet a fecond, which an-
{wers to a head 1,82 inches; this being multiplied
by the expence of water in a minute, vi=. 264,7 lb.
produces 481 for the power remaining in the water
after it has pafled the wheel: this being therefare

‘ deduéted
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dedued from the original power 3970, leaves 3489,
which is that part of the power which is fpent in
producing the effe&t 1266; and confequently the
part of the power {pent in producing the effect, is to
the greateft effec producible thereby as 3489 : 1266
::10:3,62,0r as 11 to 4.

The welocity of the water ftriking the wheel has
been determined to be equal to 86 circumferences of
the wheel per minute, and the wvelocity of the wheel
at the maximum to be 30 ; the velocity of the water
will therefore be to that of the wheel as 86 to 30, or
as 10 to 3,5, or as 20 to 7.

The load at the maximum has been thown to be
equal to g Ib. 60z. and that the wheel ceafed move-
ing with 121b. in the fcale : to which if the weight
of the fcale is added, viz. 10 ounces ¥, the propor-
tion will be nearly as 3 to 4 between the load at the
maximum and that by which the wheel is ftopped.

It is fomewhat remarkable, that tho’ the velocity
of the wheel in relation to the water turns out greater
than § of the velocity of the the water, yet the im-
pulfe of the water in the cafe of a maximum is more
than double of what is affigned by theory ; that is,
inftead of 4 of the column, it is nearly equal to the
whole column.

It muft be remembred, therefore, that, in the pre-
fent cafe, the wheel was not placed in an open river,
where the natural current, after it has communicated
its impulfe to the float, has room on all fides to ef-
cape, as the theory fuppofes; but in a conduit or

"% The refiftance of the air in this cafe ceafes, and the friction
is not added, as 121b. in the fcale was fufficient to ftop the wheel
after it had been in full motion ; and therefore fomewhat more
than a counterbalance to the impulfe of the water.

Vor.LL Q_ race,
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race, to which the float being adapted, the water
cannot otherwife efcape than by moving along with
the wheel. It is obfervable, that a wheel working
in this manner, as foon as the water meets the float,
receiving a fudden check, it rifes up againft the float,
like a wave againft a fixed object; infomuch that
when the theet of water is not a quarter of an inch
thick before it meets the float, yet this fheet will
a&t upon the whole furface of a float, whofe height
is 3 inches; and confequently was the float no higher
than the thicknefs of the fheet of water, as the the-
ory alfo fuppofes, a great part of the force would have
been loft, by the water’s dathing over the float *,

In further confirmation of what is already deli-
vered, I have adjoined the following table, contain-
ing the refult of 27 fetts of experiments, made and
reduced in the manner above fpecified. What re-
mains of the theory of underfhot wheels, will natu-
rally follow from a comparifon of the different ex-
periments together.

* Since the above was wrote, I find that Profeflfor Euler, in the
Berlin A&s for the year 1748, in a memoire intitled, Maxims pour
aranger le plus avantageufment les machines deflinées a elever de Pean
par le moyen de pompes, page 192. § 9. has the following paffage ;
which feems to be the more remarkable, as I don’t find he has
given any demontftration of the principle therein contained, either
from theory or experiment; or has made any ufe thereof in his
calculations on this fubje&.——<¢ Cependant dans ce cas puifque
¢¢ Peau eft reflechie, & qu’elle decoule fur les aubes vers les cotés,
¢ elle y exerce encore une force particuliere, dont I'effet de I'im-
< pulfion fera augmenté ; & experience jointe a la theorie a fait
“ voir que dans ce cas, la force eft prefque double: de forte
s¢ quil faut prendre le double de le fection du fil d’eau pour ce
¢¢ qui repond dans ce cas a le furface des aubes, polrvu qu'elles
< {oient affez larges pour recevoir ce fupplement de force. Car fi
#¢ les aubes nétoient plus larges que le fil, on trait d’eau on ne
s¢ devroit prendre que ne fimple fe€tion, tout comme dans le pre-
¢ mier cas, on 'aube toute entire eft pappee par l’e?;‘.”

ABLE
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Maxims and Obfervations deduced from the foregoing
Table of Experiments. '

Maxim 1. That the virtual or effeitive bead being
the fame, the effelt will be nearly as the quantity of
water expended.

This will appear by comparing the contents of the
columns 4, 8, and 10, in the foregoing fetts of ex-
periments ; as for

Example 12, taken from N°. 8. and 23, viz.

No, Virtiaal Head. Water expended. Effett.

8 —— 7,20 161 328

2§ —— 7,29 355 785

Now the heads being equal, if the effeéts are pro-
portioned to the water expended, we fhall have by
maxim 1ft, 161: 355 :: 328:723; but 723 falls
fhort of 784, asit turns out in experiment according
to N° 25, by 62; the effet therefore of N°. 25,
compared with N°. 8, is greater than according to
the prefent maxim in the ratio of 14 to 13.

The foregoing example, with four fimilar ones,
are feen at one view in the following Table.

Ela |- |k g |us .
g g ég ‘gg f‘:’ Comparifon, g é'g -g
WwlZz o0 igsle > _less
Inch. | /b, ]

ift i 2‘; ;::8 ;g; ;;z § 161 : 355 :: 328: 723 624 14 :13
2d i :g :gig ':;; -,lgzg z85:357::.975:x.zz.1 11— | 121:122
30 § 27| 68 | 535 | Bksdassease e san i yon | 18— 385 s
4th | z; ‘:'; :gg g;z 6228 : 262:: 317 : 864 | 214 | 18: 17
st § :‘; oy | 365 | 534 3073 3605 450z 531 | 34 | 1787y

Hence
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Hence therefore, in comparing different experi-
ments, as fome fall fhort, and others exceed the
maximum, and all agree therewith, as near as can
be expected, in an affair where fo many different
circumftances are concerned; we may, according to
the laws of reafoning by induction, conclude the
maxim true; vz, that the effe@s are nearly as the
quantity of water expended.

Maxim II. That the expence of water being the

Sfame, the effet will be nearly as the beight of the
virtual or effeitive bead.

‘This alfo will appear by comparing the contents

of columns 4, 8, and 10, in any of the fetts of ex-
periments.

Example 1, of N°. 2. and N°. 24. viz.

N4, Virt. Head.  Expence. EffeQ.
2 15 2647 =——— 1266
24 47 262 385

Now as the expences are not quite equal, we muft
proportion one of the effecs accordingly: thus
by maxim 1ft, 262:264,7:: 385 :389
and by max. 2d, 15: 4,7::1266:397

Bet——

Difference 8
The effe@ therefore of N°. 24. compared with N°.

2. is lefs than according to the prefent maxim in the
ratio of 49: 50.

The foregoing, and two other fimilar examples,
are comprifed in the following Table,

Examples
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Maxim III. That the quantity of water expended
being the fame, the effect is nearly as the fquare of
its velocity.

This will appear by comparing the contents of
columns 3, 8, and 10, in any of the fetts of experi-
ments ; as for

Example 1/ of N°. 2. with N°, 24. viz.

Ne. Turns in a min.  Expence. Effe&.
2 86 264,7 s——— 1266
24 48 262 385

The velocity being as the number of turns, we fhall
have,

by max. 1ft, 262

86*

7396

26;1.,7 :: 385 : 389

48* 1., .
2304} :: 1266 394

Difference - - - 3§

The effeGt therefore of N°. 24. compared with N°.
2. is lefs than by the prefent maxim in the ratio of

78:79.

The foregoing, and three other fimilar examples,
are comprifed in the following Table.

and by max. 3d,

Examples,
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‘Maxim 4ch, The aperture being the Jame, the effest
will be nearly as the cube of the velocity of the water.

This alfo will appear by comparing the contents
of columns 3, 8, and 10; as for

Example 1, of N°. 1. and N°, 10, viz.
Ne.

Thurns. Expence. Effedt.
I. 88 27§ - 1411
10 42 114 - 117

Lemma. It muft here be obferved, that if water
pafles out of an aperture, in the fame fection, but
with different velocities ; the expence will be pro-
portional to the velocity ; and therefore converfely,

if the expence is not proportional to the velocity,
the feGion of the water is not the fame.

Now comparing the water difcharged with the
turns of N°. 1. and 10, we fhall have 88 : 42 ::
275 : 131,2; but the water difcharged by N°. 10.
is only 114 1b. therefore, tho’ the fluice was drawn
to the fame height in N°. ro. as in N®. 1. yet the
fection of the water pafling out, was lefs in N°. 10,
than N°. 1. in the proportion of 114 to 131,2 ; con-
fequently had the effetive aperture or fection of the
water been the fame in N°. 10. as in N 1. fo that
131,21b. of water had been difcharged inftead of
114, the effe@ would have been increafed in the
fame proportion ; that is,

by the Lemma, 88 : 42 :: 275:131,2
by maxim ft, 114 : 131,212 117 : 134,5

823 : 3
and by max..4.th,{681272‘: 742;;8}:: 1411%153,%
Difference — 19
The
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the ratio of 7

The effe&t therefore of N°. 1o0. compared with

N°. 1. is lefs than

i

maxim 1in

.

The foregoing, and three other fim
are contained in the following Table.
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QBSERVATIONS,

O4ferv. 1. On comparing column 2d and 4th,
Tab. I. it is evident, that the virfual head bears.
no certain proportion to the bead of water ; but that
when the aperture is greater, or the velocity of the
water iffuing therefrom lefs, they approach nearer to
a coincidence : and confequently in the large open-
ings of mills and fluices, where great quantities of
water are difcharged from moderate heads, the head
of water, and virtual head determined from the ve-
locity, will nearly agree, as experience confirms.

Obferv. 2d. Upon comparing the feveral pro-
portions between the power and effec? in column:
11th, thé moft general is that of 10 to 3; the ex-
tremes 10 to 3,2 and 10 to 2,8; but as it is obferv-
able, that where the quantity of water, or the ve-
locity thereof; that is, where the pawer is greateft,
the 2d term of the ratio is greateft alfo: we may
therefore well allow the proportion fubfifting in large
works, as 3 to 1.

Obferv. 3d. 'The proportions of wvelocities be-
ween the water and wheel in column 12, are con-
tained in the limits of 3 to 1 and 2 to 1; but as
the greater velocities approach the limit of 3 to 1,
and the greater quantity of water approach to that
of 2 to 1, the beft general proportion will be that
of 5to 2.

Obferv. 4th. On comparing the numbers in
eolumn 13, it appears, that there is ne certain ratio
between the Joad that the wheel will carry at its
maximum, and what will totally ftop it; but that
they are contained within the limits of 20 to 19, and

3 of
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of 20 to 15; but as the effe&t approaches neareft
to the ratio of 20 to 15, or of 4 to 3, when the
power is greateft, whether by increafe of velocity, or
quantity of water, this feems to be the moft appli~
cable to large works: but as the load that a wheel
ought to have, in order to work to the beft advan-
tage, can be afligned, by knowing the effe¢t it ought
to produce, and the velocity it ought to have in pro-
ducing it; the exact knowlege of the greateft load it
will bear, is of the lefs confequence in practice.

It is to be noted, that in all the examples under the
three laft of the four preceding maxims, the effect
of the lefler power falls thort of its due proportion
to the greater, when compared by its maxim ; except
the laft example of maxim 4th: and hence, if the
experiments are taken ftrictly, we muit infer, that
the effects increafe and diminith in an higher ratio
than thofe maxims fuppofe : but as the deviation is
not very confiderable, the greateft being about 1-8th
of the quantity in queftion ; and as it is not eafy to
make experiments of fo compounded a nature with
abfolute precifion; we may rather fuppofe, that the
lefler power is attended with fome friction, or works
under fome difadvantage, which has not been duly
accounted for, and therefore we may conclude, that
thefe maxims will hold very nearly, when applied to
works in large. ‘

After the experiments above mentioned were tried,
the wheel, which had originally 24 floats, was re-
duced to twelve ; which caufed a diminution in the
effect, on account of a greater quantity of water
efcaping between the floats and the floor ;. but a cir-

R 2 cular
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cular fweep being adapted thereto, of fuch a length,
that one float entered the curve before the preceding
one quitted it, the effect came fo near to the former,
as not to give hopes of advancing it by increafing
the number of floats beyond 24 in this particular
wheel.

PART II
Concerning OVERsHOT WHEELS.

Read May 24, F N the former part of this effay, we have
1759- confidered the impulfe of a confined
ftream, acting on Underfbot Wheels. 'We now pro-
ceed to examine the power and application of water,
when acting by its gravity on Overfhot Wheels.

In reafoning without experiment, one might be
led to imagine, that however different the mode of
application is; yet that whenever the fame quantity
of water defcends thro’ the fame perpendicular fpace,
that the natural effetive power would be equal;
fuppofing the machinery free from friction, equally
calculated to receive the full effect of the power, and
to make the moft of it: for if we fuppofe the height
of a column of water to be 30 inches, and refting
upon a bafe or aperture of one inch fquare; every
cubic inch of water that departs therefrom will ac-
quire the fame velocity or momentum, from the
uniform preflure of 30 cubic inches above it, that
one cubic inchlet fall from the top will acquire in
falling down to the level of the aperture ; v7z. fuch
a velocity as in a contrary direction would carry it to

the



[ 125 ]

the level from whence it fell ; * one would therefore
fuppofe, that a cubic inch of water, let fall thro’ a
fpace of 30 inches, and there impinging upon an-
other body, would be capable of producing an cqual
effe&t by collifion, as if the fame cubic inch had de-
fcended thro’ the fame f{pace with a flower motion,
and produced its effeGts gradually: for in both cafes
gravity ats upon an equal quantity of matter, thro’
‘an equal fpace 4; and confequently, that whatever
was the ratio between the power and effect in under-
thot wheels, the fame would obtain in overfhot, and
indeed in all others: yet, however conclufive this
reafoning may feem, it will appear, in the courfe of
the following dedultions, that the effect of the gra-
vity of defcending bodies is very different from the
effe@ of the ftroke of fuch as are nom-elaftic, tho’
generated by an equal mechanical power,

The alterations 1n the machinery already defcribed,
to accommodate the fame for experiments on over-
thot wheels, were principally as follows.

Prate V. Fig. 2. The {luice 14 being fhut
down, the rod HI was unfcrewed and taken off,

The underfhot water-wheel was taken off the axis,
and inftead thereof an overfhot wheel of the fame

~ * This is a confequence of the rifing of jctts to the height of
their refervoirs nearly.

+ Gravity, it is true, alls a longer fpace of time upon the body
that defcends flow than upon that which falls quick ; but this can-
not occafion the difference in the effect: for an elaftic body falling
thro” the fame fpace in the fame time, will, by collifion upon an-
other elaftic body, rebound nearly to the height from which it fell ;
or, by communicating its motion, caufe an equal one to alcend
to the fame height.

diameter
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diameter was put into its place. INofe, This wheel
was two inches in the throud or depth of the bucket ;
the number of the buckets was 36.

The ftandards S and T, Frg. 1. were raifed half
an inch, fo that the bottom of the wheel might be
clear of ftagnant water.

A trunk, for bringing the water upon the wheel,
was fixed according to the dotted lines f g, Fig. 2.
The aperture was adjufted by a fhuttle 5 7, which
alfo clofed up the outer end of the trunk, when the
water was to be ftopped.

Fig. 3. The ratchet 00, not being of one piece
of metal with the ferrule ¢ ¢, 77 (tho' {o defcribed
before, to prevent unneceflary diftin&tions), was with
its catch turned the contrary fide; confequently the
moveable barrel would do its office equally, notwith-
ftanding the water-wheel, when at work, moved the
contrary way.

Specimen
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Specimen of a Sett of Experiments.

Head 6 inches.

14 + ftrokes of the pump in a minute, 12 ditto =
8o Ib. *

Weight of the fcale (being wet) 10+ oz.

Counterweight for 20 turns, befides the fcale, 3 oz.

Weight in

No. the Scale. Turns. Produét. Obfervations,
1 = 0/h. — 60 Threw moft part
2 I 56 of the water out
3 2 52 of the wheel.
4 3 49 147 { Received the wa-
5 4 47 188 ter more quictly.
6 5 45 225
7 —— 6 — 424 255
8 7 41 287
9 8 381 308

10 ~——= g —— 361 328

1I 10 353 355

12 = 1] —— 32 % 360§

13 12 313 375

14 13 28 % 370 %

15 14 27 % 385

16 15 26 390

17 16 24 % 392

18 17 22 % 386%

19 18 21 % 391 %

20 19 20 % 3945 { Maximum.

21 20 19 % 395

22 21 182 388 %

23 22 18 396 Work’d irregular,

24 —— 23 Overfet by its load.

* The fmall difference, in the value of 12 ftrokes of the pump,
from the former experiments, was owing to a fmall difference in
the length of the ftroke, occafioned by the warping of the wood,

Reduction
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Reduction of the preceding Specimen.

In thefe experiments the head being 6 inches, and
the height of the wheel 24 inches, the whole de-
fcent will be 30 inches : the expence of water was
14 % firokes of the pump in a minute, whereof 12
contained 8o 1b.; therefore the water expended in a
minute was 96 4 Ib. which, multiplied by 30 inches,
gives the power = 29co.

If we take the 20th experiment for the maximum,
we fhall have 20 § turns in a minute, each of which
raifed the weight 4 & inches, that is, 93,37 inches in
a minute. The weight 7 the {cale was 19 lb, the
weight of the {cale 1o+ oz.; the counter-weight 3 oz.
in the fcale, which, with the weight of the fcale
10+ 0z. makes in the whole 20 £ 1b. which is the
whole refiftance or load : this, multiplied by 93,37
inches, makes 1914 for the effect.

The ratio therefore of the power and effec? will
be as 2900: 1914, or as 10: 6,6, or as 3 : 2 nearly.

But if we compute the power from the height of
the wheel only, we fhall have 96 % Ib. multiplied by
24 inches = 2320 for the power, and this will be
to the effed? as 2320 : 1914, or as 10:82, or as

5 : 4 nearly.

The redu&ion of this fpecimen is fet down in
N°. 9. of the following Table ; and the reft were de-
ducted from a fimilar fett of experiments, reduced in
the fame manner.

TABLE
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T ABLE 1. containing the Refult of Sixteen Setts
of Experimcnts on Overfhot Wheels.
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Obfervations and Deduttions from the foregoing Ex-
periments.

1. Concerning the Ratio between the Power and Effect
of Owerflot Wheels..
The effe@ive power of the water muft be rec-

koned upon the whole defcent ; becaufe it muft be
Vor. LI S raifed
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raifed that height, in order to be in a condition of
praducing the fame effect a fecond time.

The ratio’s between the powers fo eftimated, and
the ¢ffects at the maximum deduced from the feveral
fetts of experiments, are exhibited at one view in
column g. of Table II.; and from hence it appears,
that thofe ratio’s differ from that of 10 to 7,6 to that
of 10: 4,2, that is, nearly from 4:3to 4:2. In
thofe experiments where the heads of water and
quantities expended are leaft, the proportion is near-
ly as 4: 3; but where the heads and quantities are
greateft, it approaches nearer to that of 4:2; and
by a medium of the whole, the ratio is that of 3: 2
nearly. We have feen before, in our obfervations
upon the effes of underfhot wheels, that the gene-
ral ratio of the power to the effe, when greateft,
was 3:1; the effet therefore of overfhot wheels, under
the fame circumffances of quantity and fall, is at a
medium double to that of the underfbot : and, as a
confequence thereof, that nonelafiic bodies, when ati-
ing by their impulfe or collifion, communicate only a
part of their original power ; the other part being
fpent in changing their figure in confequence of the
ftroke.

The powers of water computed from the height
of the wheel only, compared with the effets, as in
column 10. appear to obferve a more conftant ratio :
for if we take the medium of each clafs, which is
{et down in column 11, we fhall find the extremes
to differ no more than from the ratio of 10: 8,1 to
that of 10:8,5; and as the fecond term of the ratio
gradually increafes from 8,1 to 8,5, by an increafe,
of bead from 3 inchesto 11, the excefs of 8,5 above

' 8,1
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8,1 is to be imputed to the fuperior impulfe of the
water at the head of 11 inches above that of 3
inches: fo that if we reduce 8,1 to 8, on account
of the impulfe of the 3 inch head, we fball have
the ratio of the power, computed upon the beight of
the wheel only, to the effelt at a maximum as 10: 8,
or as §: 4 nearly : and from the equality of the ratio
between power and effet, fubfifting where the con-
ftructions are fimilar, we muft infer, tbat the cffects, as
well as the powers, are as the quantities of water and
perpendicular heights multiplied together refpectively,

11. Concerning the moft proper Height of the Wheel
in proportion to tke whole Defcent.

We have already feen, from the preceding ob-
fervation, that the effe¢t of the fame quantity of
water, defcending thro’ the fame perpendicular {pace,
is double, when acting by its gravity upon an over-
fhot wheel, to what the fame produces when acting
by its impulfe upon an underfhot. It alfo appears,
that by increafing the head from 3 inches to 11, that
is, the whole defcent, from 27 inches to 35, or in the
ratio of 7 to g nearly, the effet is advanced no more
than in the ratio of 8,1 to 8,4, that is, as 7 : 7,26;
and confequently the increafe of effect as not 1-7th
of the increafe of perpendicular height. Hence it
follows, that the bigher the wheel is in proportion to
the whole defcent, the greater will be the effect; be-
caufe it depends lefs upon the impulfe of the head,
and more upon the gravity of the water in the
buckets: and if we confider how obliquely the
water iffuing from the head mutft ftrike the buckets,
we fhall not be at a lofs to account for the little ad-

’ S 2 vantage
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vantage that arifes from the impulfe thereof ; and (hall
immediately fee of how little confequence this impulfe
is to the effe& of an overfhot wheel. However, as
every thing has its limits, {o has this : for thus much is
defirable, that the water fhould bave fomewbhat greater
welocity, than the circumference of the wheel, in
coming thereon ; otherwife the wheel will not only
be retarded, by the buckets firiking the water, but
thereby daihmg a part of it over, fo much of the
power is loft.

The velocity that the circumference of the wheel
ought to have, being known by the following de-
dudtions, the head requifite to give the water its pro-
per velocity is eafily computed from the common
rules of hydroftatics ; and will be found much lefs
than what is generally practifed.

1. Concerning the Velocity of the Circumference of
the Wheel, in order to produce the greateft Effelt.

If a body is let fall freely from the furface of the
head to the bottom of the defcent, it will take a
certain time in falling ; and in this cafe the whole
altion of gravity is fpent in giving the body a certain
velocity : but if this body in falling is made to a&
upon fome other body, fo as to produce a mechani-
cal effect, the falling body will be retarded ; becaufe
a part of the attion of gravity is then fpent in pro-
ducing the effe&t, and the remainder only giving
motion to the falling body : and therefore zb¢ /Zawer
a body defcends, the greater will be the portion of the
action of gravity applicable to the producing a me-
chanical effect ; and in confequence the greater that
effet may be.

If
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If a fiream of water falls into the bucket of an
overfhot wheel, it is there retained till the wheel
by moving round difcharges it: of confequence the
flower the wheel moves, the more water each bucket
will receive : fo that what is loft in {peed, is gained
by the preflure of a greater quantity of water acting
in the buckets at once : and, if confidered only in this
light, the mechanical power of an overfhot wheel to
produce effe&ts will be equal, whether it moves quick
or flow : but if we attend to what has been juft now
obferved of the falling body, it will appear that
fo much of the action of gravity, as is employed in
giving the wheel and water therein a greater velocity,
mutft be fubtracted from its preflure upon the buckets;
fo that, tho’the produ& made by multiplying the
number of cubic inches of water acting in the wheel
at once by its velocity will be the fame in all cafes ;
yet, as each cubic inch, when the velocity is greater
does not prefs fo much upon the bucket as when it
is /efs, the power of the water to produce effects will
be greater in the lefs velocity than in the greater :
and hence we are led to this general rule, zbar,
cateris paribus, the lefs the velocity of the wheel, the
greater will be the effect thereof. A confirmation of
this dorine, together with the limits it is fubje&t to
in practice, may be deduced from the foregoing {pe-
cimen of a fett of experiments. .

From thefe experiments it appears, that when the
wheet made about 20 turns in a minute, the effect
was, near upon, the greateft, When it made 30 turns,
the effe® was diminithed about 3% part; but that
when it made 40, it was dimimifhed about §; when
it made lefs than 18 %, its motion was irregular ; and

when:
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when it was loaded fo as not to admit its making 18
turns, the wheel was overpowered by its load.

It is an advantage in practice, that the velocity of
the wheel thould not be diminifhed further than what
will procure fome folid advantage in point of power ;
becaufe, ceteris paribus, as the motion is flower,
the buckets muft be made larger; and the wheel
being more loaded with water, the ftrefs upon every
part of the work will be increafed in proportion :
The beft velocity for praiice therefore will be fuch, as
awhen the wheel bere ufed made about 30 turns in a
minute 5 that is, when the velocity of the circum-
ference is a little more than 3 feet in a fecond.

Experience confirms, that this velocity of 3 feet
in a fecond is applicable to the higheft overfhot wheels,
as well as the loweft; and all other parts of the
work being properly adapted thereto, will produce
very nearly the greateft effect poflible : however this
alfo is certain from experience, that high wheels may
deviate further from this rule, before they will lofe
their power, by a given aliquot part of the whole,
than low ones can be admitted to do; for a wheel of
24, feet high may move at the rate of fix feet per
fecond without lofing any confiderable part of its
power *; and, on the other hand, I have feen a
wheel of 33 feet high, that has moved very fteadily
and well with a velocity but little exceeding 2 feet.

* The 24 feet wheel going at 6 feet in a fecond feems owing to
the fmall proportion that the head (requifite to give the water the
proper velocity of the wheel) bears to the whole height.

1V, Con-
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IV. Concerning the Eoad for an Overflot Wheel, in
order that it may produce a Maximum.

The maximum load for an overfbot wheel, is that
which reduces the circumferences of the wheel to its
proper velocity ; and this will be known, by dividing
the effe@ it ought to produce in a given time by the
fpace intended to be defcribed by the circumference
of the wheel in the fame time : the quotient will be
the refiftance overcome at the circumference of the
wheel ; and is equal to the load required, the fric-
tion and refiftance of the machinery included.

V. Concerning the greateft poffible Velocity of an
Owerfhot Wheel.

The greateft velocity that the circumference of an
overfhot wheel is capable of, depends jointly upon:
the diameter or beight of the wheel, and the velo-
city of falling bodies ; for it is plain that the velocity
of the circumference can never be greater, than to
defcribe a femi-circamference, while a body let fall
from the top of the wheel will defcend thro’ its di-
ameter ; nor indeed quite fo great, as a body de-
fcending thro” the fame perpendicular {pace cannot
perform. the fame in fo fmall a time when paffling
thro’ a femi-circle, as would be done in a perpendi-
cular line. Thus, if a wheel is 16 feet 1 inch high,
a body will fall thro’ the diameter in one fecond :
this wheel therefore can never arrive at a velocity
equal to the making one turn in two feconds; but;,
in reality, an overfhot wheel can never come near
this velocity ; for when it acquires a certain {peed,

the
3
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the greateft part of the water is prevented from en-
tering the buckets; and the reft, ata certain point
of its defcent, is thrown out again by the centrifugal
force. ‘This appears to have been the cafe in the
three firft experiments of the foregoing fpecimen ;
but as the velocity, when this begins to happen, de-
pends upon the form of the buckets, as well as other
circumflances, -zbe utmoft velocity of overfhot wheels
15 not to be determined gemerally : and, indeed, it is
the lefs neceflary in practice, as it is in this circum-
ftance incapable of producing any mechanical effel?,
for reafons already given,

VI. Concerning the greateft Load that an Owverfhot
Wheel can overcome.

The greateft load an overlbot wbheel will overcome,
confidered abfiraéiedly, is unlimited or infinite : for as
the buckets may be of any given capacity, the more
the wheel is loaded, the flower it turns; but the
flower it turns, the more will the buckets be filled
with water ; and confequently tho’ the diameter of
the wheel, and quantity of water expended, are both
limited, yet no refiftance can be affigned, which it is
not able to overcome: but in practice we always
meet with fomething that prevents our getting into
infinitefimals ;- for when we really go to work to build
a wheel, the buckets muft neceffarily be of fome
given capacity; and confequently fuch a refiffance
will flop the wheel, as is equal to the effort of all the
buckets in one femi-circumference filled with water.

The ftruGure of the buckets being given, the
quantity of this effort may be affigned ; but is not
of much confequence to the practice, as in this callfe

alfo
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alfo the wheel lofes its power; for tho’ here is the
exertion of gravity upon a given quantity of water,
yet being prevented by a counterbalance from mov-
ing, is capable of producing no mechanical effelt,
according to our definition. Bat, in reality, an over-
fhot wheel generally ceafes to be ufeful before it is
loaded to that pitch; for wbhen it meets with fuch a
refifance as to diminifb its velocity to a certain degree,
its motion becomes irregular ; yet this never happens
till the welocity of the circumference is lefs than 2 feet
per fecond, where the refiffance is equable, as appears
not only from the preceding fpecimen, but from ex-
periments on larger wheels.

ScHorIiUM.

Having now examined the different effects of the
power of water, when acting by its smpulfe, and by
its weight, under the titles of underfbot and overfbot
wheels ; we might naturally proceed to examine the
effets when the impulfe and weight are combined, as
in the feveral kinds of breaff-wheels, &c. but, what has
been already delivered being carefully attended to, the
application of the fame principles in thefe mixt cafes
will be eafy, and reduce what I have to fay on this
head into a narrow compafs: for all kinds of wheels
where the water cannot defcend thro’ a given fpace,
unlefs the wheel moves therewith, are to be con-
fidered of the nature of an overfhot wheel, accord-
ing to the perpendicular height that the water de-
foends from ; and all thofe that receive the impulfe
or fhock of the water, whether in an horizontal, per-
pendicular, or oblique direction, are to be confidered
as underfthots. And therefore a wheel, which the

Vor. LL T water



[ 138 ]

water {trikes at a certain point below the furface of
the head, and after that defcends in the arch of a
circle, prefling by its gravity upon the wheel ; zbe
effect of fuch a wheel will be equal to the effec? of an
underfhot, whofe bead is equal to the difference of
level between the furface of the water in the refervoir
and the point where it firikes the wheel, added to that
of an overfhot, whofe beight is equal to the difference
of level, between the point where it flrikes the wheel
and the level of the tail-water. It is here fuppofed,
that the wheel receives the fhock of the water at
right angles to its radii; and that the velocity of its
circumference is properly adapted to receive the ut-
moft advantage of both thefe powers; otherwife a
reducion muft be made on that account.

Many obvious and confiderable improvements up-
on the common prattice naturally offer themfelves,
from a due confideration of the principles here eftab-
lithed, as well as many popular errors fhow them-
felves in view : but as my prefent purpofe extends
no farther than the laying down fuch general rules
as will be found to anfwer in practice, I leave the
particular application to the intelligent artift, and to
the curious in thefe matters.

PART 1L

On the Conflruction and Effelts of WINDMILL=
Sarvs,

Read 31 May & IN trying experiments on windmill-
14June, 1759 R fails, the wind itfelf is too uncertain
to anfwer the purpofe: we muft therefore have re-
courfe to an artificial wind,

This
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This ‘may be done two ways; either by caufing
the air to move againft the machine, or the machine
to move againft the air. To caufe the air to move
againft the machine, in a fufficient volumn, with
fteadinefs and the requifite velocity, is not eafily put
in pratice: To carry the machine forward in a
right line againft the air, would require a larger room
than I could conveniently meet with. What I found
moft pralticable, therefore, was, to carry the axis,
whereon the fails were to be fixed, progreffively round
in the circumference of a large circle. Upon this
idea * a machine was conftru&ed, as follows.

PraTe VI Fig. 1.
ABC is a pyramidical frame for fupporting the
moving parts.
D E is an upright axis, whereon is framed
F G, an arm for carrying the fails at a proper dif-
tance from the center of the upright axis.

* Some years ago Mr. Roufe, an ingenious gentleman of Har-
borough in Leicefterfhire, fet about trying experiments on the ve-
locity of the wind, and force thereof upon plain furfaces and
windmill-fails : and much about the fame time Mr. Ellicott con-
trived a machine for the ufe of the late celebrated Mr. B. Robins,
for trying the refiftance of plain furfaces moving thro’ the air.
The machines of both thefe gentlemen were much alike, tho’ at
that time totally unacquainted with each other’s inquiries. But it
often happens, that when two perfons think juftly upon the fame
fubje&, their experiments are alike. This machine was alfo built
upon the fame idea as the foregoing ; but differed in having the hand
for the firft mover, with a pendulum for its regulator, inftead of a
weight, as in the former; which was certainly beft for the pur-
pofes of meafuring the impulfe of the wind, or refiftance of plains :
but the latter is more applicable to experiments on windmill-fails 3
becaufe every change of pofition of the fame fails will occafion
their meeting the air with.a different velocity, tho’ urged by the

fame weight. .
T 2 His
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H is a barrel upon the upright axis, whereon is
wound a cord ; which, being drawn by the
hand, gives a circular motion to the axis, and
to the arm F G ; and thereby carries the axis
of the fails in the circumference of a circle,
whofe radius is DI, caufing thereby the fails
to ftrike the air, and turn round upon their
own axis.

At L is fixed the end of a fmall line, which paffing
through the pullies M N O, terminates upon a
fmall cylinder or barrel upon the axis of the
fails, and, by winding thereon, raifes

P the fcale, wherein the weights are placed for
trying the power of the fails, This fcale, moving
up and down in the direGion of the upright
axis, receives no difturbance from the circular
motion.

QR two parallel pillars ftanding upon the arm F G,
for the purpofe of fupporting and keeping
fteady the fcale P; which is kept from f{wing-
ing by means of ,'

S'T two fmall chains, which hang loofely round the
two pillars.

W is a weight, for bringing the center of gravity of
the moveable part of the machine into the cen-
ter of motion of the axis DE.

V X is a pendulum, compofed of two balls of lead,
which are moveable upon a wooden rod, and
thereby can be fo adjufted, as to vibrate in any
time required. This pendulum hangs upon a
cylindrical wire, whereon it vibrates, as on a
rolling axis.

Y is a perforated table for fupporting the axis of
the pendulum,

Note,
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Note, The pendulum being fo adjufted, as to make
two vibrations in the time that the arm F G is in-
tended to make one turn ; the pendulum being fet
a vibrating, the experimenter pulls by the cord Z,

- with fufficient force to make each half revolution of
the arm to correfpond with each vibration, as equal
as poffible, during the number of vibrations that
the experiment is intended to be continued. A
little practice renders it eafy to give motion thereto
with all the regularity that is neceffary.

Specimen of a Sett of Experiments.

Radius of the fails 21 inches
Length of ditto in the cloth — — 18
Breadth of ditto ' 5,6

- {Ang]e at the extremity — —— 10 degrees

~ ¢Ditto at the greateft inclination — 2§

20 turns of the fails raifed the weight 11, 3 inches

Velocity of the center of the fails, in the
circumference of the great circle, in a $6£. o in,
fecond

Continuance of the experiment —— 52 feconds.

N°*., Wt.inthefcale. Turns. Produ&.

1 — olb— 108 — o

2 — 6 — 85 — 310

3 — 6i— 81 — 426%

4 — 7 — 78 — 546 )

5§ — 7% — 73 — $474% maxim®
6 — 8 — 65 — 520

7 =—— 9 =— O© o

* In all the following experiments the angle of the fails is ac-
counted from the plain of their motion ; that is, when they ftand
at right angles to the axis, their angle is denoted 0°, this notation
being agreeable to the language of pradlitioners, who call the angle
fo denoted, the weather of the fail ; which they denominate greater
or lefs, according to the quantity of this angle. N.B
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N. B. The weight of the fcale and pulley was 3 0z.;
and that 1 oz. fufpended upon one of the radii, at
12 $ iches from the center of the axis, juft over-
came the friction fcale and load of 7:1b.; and
placed at 14 43 inches, overcame the fame refift-
ances with 91b. in the fcale.

Reduition of the preceding Specimen.

N°. 5. being taken for the maximum, the weight
in the {cale was 71b, 8 0z. which, with the weight of
the fcale and pulley 3 0z. makes 71b. 11 0z. equal to
123 oz.; this added to the friGtion of the machinery,
the fum is the whole refiftance *. The frition of
the machinery is thus deduced: Since 20 turns of
the fails raifed the weight 11,3 inches, with a double
line, the radius of the cylinder will be .18 of an
inch; but had the weight been raifed by a fingle
line, the radius of the cylinder being half the former,
viz. .09, the refiftance would have been the fame:
we fhall therefore have this analogy; as half the
radius of the cylinder, is to the length of the
arm where the {mall weight was applied ; fo is the
weight applied to the arm, to a fourth weight, which
is equivalent to the fum of the whole refiftance to-
gether; that is, .00 : 12,5 :: 102.: 1390z.: this
exceeds 123 oz. the weight in the fcale, by 16 oz. or
z 1b. which is equivalent to the fri¢tion ; and which,
added to the above weight of 7Ib. 110z, makes
81b. 11 0z. = 8,69 1b. for the fum of the whole re-

% The refiftance of the air is not taken into the account of
refiftance, becaufe it is infeparable from the application of the

I_)_OWer .
8 fiftance;
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fiftance ; and this, multiplied by 3 turns, makes a
produc of 634, which may be called the reprefenta-
tive of the ¢ffec? produced.

In like manner, if the weight o Ib. which caufed
the fails to reft after being in motion, be augmented
by the weight of the fcale and its relative friction, it
will become 10,37 1b. The refult of this fpecimen
is fet down in N9, 12. of Table III. and the refult
of every other fett of experiments therein contained
were made and reduced in the fame manner,

TABLE
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Tasvre 1IN Containing Nineteen Setts of Experiments on Windmill-Sails
of warious Strutures, Fofitions, and Quantities of Surfaces.

; . XN 8 .,
v 912318 % e .| <2 135 | &4
, ] EEEEsE S| B s [EeilE% | 53
The kind of fails| j<E! & w§§§ SEl 2L LR EREEs L) 278
SE|SIOE|SEISE] B 18 128 Sun st 8%
madeufe of. 15,8\ £ 122182 v E) § | |55| 5] e28| 22
Y I2EIE S v | B 158155 |58 o
2GS IEEER[SE S | & [O°13E0|23E| &
. . [ bV B Sq.1n
l’ o
Pzz;lefi;]fs 5?’- an{ o35 3§ 66l 42 | 7,56112,59| 318} 404[10:7 |10:6 Ji0:7,9
Plain {ails weather’ 2} 12 | 12 70} 6,3 | 7,561 441} 404 10:8,3 {10:10,1
according to thed| 3! 15 | 15 | 105] 69 | 6,721 8,12} 464] 404}10:6,6{10:8,3 101 10,15
common praétice. 4] 18 1 18| 6] 66 | 7,0 | 9.81| 462] 40410:7, [10:7,1 10:10,15
Weathered accord-(| 51 o9 | 261 66 | 7,0 462} 404 103 11,4
ing to Maclaurin’sy| 6} 12 | 293 7031 7,35 518} 404 10:12,8
theorem. 71 15 | 323 633 8.3 5271 404 10313,
8] o 15| 120] 95 | 475} 5,31} 442| 404f10:7,7 {10:8,9 10:11,
Sails weathered in} | 9| 3| 18 | 120] 79 | 7,0 | 8,12 §53] 404/10:6,6 {10:8,6 |10:13,7
the Dutch man-} 10| 5 | 20 78 | 75 1 8,12 §85] 404 10:0,2 [10: 14,5
ner, tried in va-) [11] 7%| 223] 113} 77 | 83 | 9,81 | 639] 404]10:6,8}10:8,5]10:154,8
rious pofitions. 12| 10 | 25 | 108} 73 8,69 10,37 | 634| 404/10:6,8|10:8,4 |10: 15,7
131 12 | 27 | 100} 66 | 8,41 110,04 580] 404{10:6,6 |10:7,7 [10:14,4
Sails weathered in 1l 5,1 0.6 .6 .8 i1c.8
the Dutch manner, 14 77 27y 123 75 10,08 12,59} 799 505 10:0,1 {10 55 IO.IS,
but enlarged to-4|'3 10 | 25 | 117y 74 {11,08[13,69 | 820 505|10:6,3 {10:8,1 [10:16,2
wards the extremi- 16| 1z | 27 | ti14] 66 [t12,09 |14,23] 799} 505|10:5,8110:8,4|10:15,8
ties. 17] 15 | 30 1 96| 63 [12,09|14,78] 762} s05l10:6,6|10:8,2|10:15,1
ils bei .
8%}112;2?;'1{}:?6;: 18] 12 | 22 | 105] 64;]16,42 27,87 |1050] 854l10:6,1 [10:5,9(10:12,4
beft pofitions. 19] 12 | 22 1 g9l 643|18,06 1165|1146[10:5,9 10:10,1
. 2. 3] 4 ! 5 6. Vi 8.1 9.] 10 11 l 12.

Qbfervations
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Olfervations and Deductions from the preceding

Experiments,
1. Concerning the beft Form and Pofition of Wind-
’ mill-Sails.

In Table ITI. N°. 1. is contained the refult of a
fett of experiments upon fails fet at the angle which
the celebrated Monf. Parint, and fucceeding geome-
tricians for many years, held to be the beft; wvrz.
thofe whofe planes make an angle §4° nearly with
the axis ; the complement whereof, or angle that the
plane of the fail makes with the plane of their mo-
tion, will therefore be 35°, as fet down in col. 2. and
3. Now if we multiply their number of turns by
the weight they lifted, when working to the greateft
advantage, as fet down in ¢olumns 3. and 6. and
compare this produ& (col. 8.) with the other pro-
du&s contained in the fame column, inftead of bein
the greateft, it turns out the leaft of all the reft.
But if we fet the angle of the fame planes at fome-
what lefs than half the former, or at any angle from
15° to 18° asin N° 3. and 4. that is, from 72 to
75° with the axis, the produét will be increafed in
the ratio of 31 : 44 ; and this is the angle moft com-
monly made ufe of by practitioners, when the fur-
faces of the fails are planes.

If nothing more was intended than to determine the
moft efficacious angle to make a mill acquire motion
from a ftate of reft, or to prevent it from pafling into
reft from a ftate of motion, we fhall find the pofition
of N°, 1. the beft ; for if we confult col. 7. which
contains the leaft weights, that would make the fails
pafs from motion to reft, we fhall find that of Ne, 1.

Vor, LI 8] (relative
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(relative to the quantity of cloth) the greateft of all.
But if the fails are intended, with given dimenfions,
to produce the greateft effect poffible in a given time,
we muft intirely reje& thofe of N°. 1. and, if we
are confined to the ufe of planes, conform ourfelves to
Jome angle between N©. 3. and 4. that is, not lefs than
729, or greater than 75° with the axis.

The late celebrated Mr. Maclaurin has judicioufly
diftinguifhed between the action of the wind upon a
fail at reft, and a fail in motion; and, in confequence,
as the motion is more rapid near the extremities than
towards the center, that the angle of the different
parts of the fail, as they recede from the center,
thould be varied. For this purpofe he has furnithed us
with the following theorem *. ¢ Suppofe the velocity
¢ of the wind to be reprefented by @, and the velo-
“ city of any given part of the fail to be denoted by
“ ¢ then the effort of the wind upon that part of
< the fail will be greateft when the tangent of the
¢ angle, in which the wind ftrikes it, is to radius as
« [fp4 244 3%t 1.7 This theorem then af-

aa 2a
figns the laév, by which the angle is to be varied ac-
cording to the velocity of each part of the fail to the
wind : but as it is left undetermined what velocity
any one given part of the fail ought to have in refpeét
to the wind, the angle that any one part of the fail
ought to have, is left undetermined alfo ; fo that we
are ftill at a lofs for the proper data to apply the theo-
rem. However, being willing to avail myfelf thereof,
and confidering that any angle from 15° to 18° was
beft fuited to a plane, and of confequence the beft

* Maclaurin’s account of Sir Ifaac Newton’ philofophical dif-

coveries, p. 176, art. 2g.
mean
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mean angle, I made the fail, at the middle diftance
between the center and the extremity, to ftand at an
angle of 145° 41 with the plane of the motion; in
which cafe the velocity of that part of the fail, when
loaded to a maximum, would be equal to that of
the wind, or ¢ = 4. This being determined, the reft
were inclined according to the theorem, as follows :

Angle with  Angle of
the axis, weather.

Le-c=3a--63" 26--26°34
Parts of the §--¢=%a--69 54--20 6
radiusfrom{ 7 --¢=a - - 74 19--15 41 middle
the center. | % .. ¢—=11g-77 20--12 40
f--c=1}a-79 27--10 33
1--¢=2a--81 o0-- g o extremity.

The refult hereof was according to N°. 4. being
nearly the fame as the plane fails, in their beft pofi-
tion : but being turned round in their fockets, fo that
every part of each fail ftood at an angle of 3°, and
afterwards of 6°, greater than before, that is, their
extremities being moved from 9°to 12°and 14°, the
produtts were advanced to 518 and 527 refpetively.
Now from the fmall difference between thofe two
produdts, we may conclude, that they were nearly in
their beft pofition, according to N°. 7. or fome angle
between that and N°. 6: but from thefe, as well as
the plane fails and others, we may alfo conclude,
that @ wvariation in the angle of a degree or two
makes wvery little difference in the effect, when the
angle is near upon the beft,

It is to be obferved, that a fail inclined by the
preceding rule will expofe a convex furface to the
wind ;: whereas the Dutch, and all oyr modern

U 2 mill-
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mill-builders, tho’ they make the angle to diminifh,
in receding from the center towards the extremity,
yet conftantly do it in fuch manner, as that the fur-
face of the fail may be concave towards the wind.
In this manner the fails made ufe of in N°. 8, o, 10,
11, 12, and 13. were confiru@ed ; the middle of the
fail making an angle with the extreme bar of 12°
and the greateft angle (which was about § of the ra-
dius from the centre) of 13° therewith. Thofe fails
being tried in various pofitions, the beft appears to
be that of N°. 11. where the extremities ftood at an
angle of 7°; with the plane of motion, the product
being 639: greater than that of thofe made by the
theorem in the ratio of 9: 11, and double to that of
N°.1.; and this was the greateft product that could
be procured without an augmentation of furface.
Hence it appears, that when the wind falls upon a
concave furface, it is an advantage to the power o
the whole, tho' every part, taken feparately, fbould not
be difpofed to the beff advantage *.

Having thus obtained the beft pofition of the fails,
or manner of weathering, as it is called by workmen,
the next point was to try what advantage could be

* By feveral trials in large I have found the following angles to
anfwer as well as any. The radius is fuppofed to be divided into
6 parts and 1-6th, reckoning from the center, is called 1, the ex-
tremity being denoted 6.

Angle with Angle with the plane
N°, the axis. of motion.
1 e o ——————— 7 20 i o ——, ——— b 8°
2 —— 71— 1Q
3 ——— T2 ~——= 18 middle.
4 ——7 4 —— 10
§ —— 773 ——  12%
6 S ———— ————

83 g 7 €XirCMmity.
made
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made by an addition of furface upon the fame ra-
dius. For this purpofe, the fails made ufe of had
the fame weather as thofe N°. 8. to 13, with an
addition to the leading fide of each of a triangular
cloth, whofe height was equal to the height of the
fail, and whofe bafe was equal to half the breadth :
of confequence the increafe of furface upon the
whole was one fourth part, or as 4: §. Thofe fails,
by being turned round in their fockets, were tried in
four different pofitions, fpecified in No, 14, 135, 16,
and 17; from whence it appears, that the beft was
when every part of the fail made a greater angle by
2° 4, with the plane of the motion, than thofe with-
out the addition, as appears by N°. 15. the produc
being 820 : this exceeds 639 more than in the ratio
of 4.: 4, or that of the increafe of cloth, Hence
it appears, that a broader fail requires a greater
angle 5 and that when the fail is broader at the ex-
tremity, than mear the center, this fbape is more ad-
vantageous than that of a parallelogram *.

Many have imagined, that the more fail, the
greater the advantage, and have therefore propofed
to fill up the whole ared : ‘and by making each fail
a feCor of an ellipfis, according to Monfieur Parint,
to intercept the whole cylinder of wind, and thereby
to produce the greateft effect poffible.

* The figure and proportion of the enlarged fzils, which I have
found beft to anfwer in large, are reprefented in the figure, Plate VI.
where the extreme bar is 1-3d of the radius (or whip, as it is called
by the workmen), and is divided by the whip in the proportion
of 3to 5. - The triangular or leading fail is covered with board
from the point downwards 1-3d of its height, the reft with cloth
as ufual. The angles of weather in the preceding note are beft
for the enlarged fails alfo ; for in pradtice it is found, that the fails
had better have too little than too much weather,

We
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We have therefore proceeded to inquire, how far
the effet could be increafed by a further enlargement
of the furface, upon the fame radius of which N°,
18 and 19 are fpecimens. The furfaces indeed were
not made planes, and fet at an angle of 3 4°, as Parint
propofed ; becaufe, from N°. 1. we learn, that this
pofition has nothing to do, when we intend them to
work to the greateft advantage. We therefore gave
them fuch an angle as the preceding experiments in-
dicated for fuch fort of fails, vzz. 12° at the ex-
tremity, and 22° for the greateft weather. By N©.
18 we have the produét 1059, greater than N°. 15.
in the ratio of 7:9; but then the augmentation of
cloth is almoft 7: 12. By N°. 19. we have the pro-
du& 1167, that is greater than N° 14. as 7:10;
but the augmentation of cloth is nearly as 7:16;
confequently had the fame quantity of cloth as in
N©, 18. been difpofed in a figure fimilar to that of
N©, 15, inftead of the produ&t 1059, we fhould
have had the produ&t 1386 ; and in N°. 10, inftead
of the produé 1165, we fhould have had a produ&
of 1860 ; as will be furthet made appear in the
courfe of the following deductions. Hence it ap-
pears, that beyond a certain degree, the more the
area is crowded with fail, the lefs effe® is produced
in proportion to the furface: and by purfuing the
experiments ftill further, I found, that tho’ in N©°,
19. the furface of all the fails together were not
‘more than 7-8ths of the circular area containing
them, yet a further addition rather diminithed than
increafed the effe. So that wbhen the whole cylinder
of wind is intercepted, it does not then produce the

greateft effel? for want of proper interflices to efcape.
It
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It is certainly defirable, that the fails of windmills
thould be as thort as poflible ; but at the fame time
it is equally defirable, that the quantity of cloth
fhould be the leaft that may be, to avoid damage by
fudden fqualls of wind. The beft ftruture, there-
fore, for large mills, is that where the quantity of
cloth is the greateft, in a given circle, that can be:
on this condition, that the effect holds out in pro-
portion to the quantity of cloth ; for otherwife the
effe¢t can be augmented in a given degree by a lefer
increafe of cloth upon a larger radius, than would
be required, if the cloth was increafed upon the fame
radius. The moft ufeful figure therefore for praice,
is that of N°. 9. or 10. as has been experienced upon
feveral mills in large.

TABLE
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I1. Concerning the ratio between the welotity of
windmill Jails unloaded, and their wvelocity when
loaded to a maximum,

Thofe ratio’s, as they turned out in experiments
upon different kinds of fails, and with different in-
clinations (the velocity of the wind being the fame)
are contained in column 1o of tab. III. where the
extremes differ from the ratio of 10: 7,7 to that of
10: 5,8 but the moft general ratio of the whole will
be nearly as 3: 2. 'This ratio alfo agrees fufficiently
near with experiments where the velocity of the wind
was different, as in thofe contained in tab. IV. col. 13.
in which the ratio’s differ from 10: 6,9 to that of
10: 4,9. However, it appears in general, that where
the power is greater, whether by an enlargement of
furface, or a greater velocity of the wind, that the
fecond term of the ratio is lefs.

III. Concerning the ratio between the greateft load
that the fails will bear without flopping, or what
is nearly the fame thing, between the leaff load
that will flop the fails, and the load at the maxi-
mum.

Thofe ratio’s for different kinds of fails and in-
clinations, are colle@ed in col. 11. tab. ITI. where the
extremes differ from the ratio of 10: 6 to that of
10:9,2; but taking in thofe fetts of experiments
only, where the fails refpettively anfwered beft, zhbe
rat1o’s will be confined between that of 10:8 and of
10: 9 and at a medium about 10:8,3 or of 6: 5.
This ratio alfo agrees nearly with thofe in col. 14 of
tab. IV. However it appears, upon the whole, that
in thofe inftances, where the angle of the fails or

Vor. LL X quan-
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quantity of cloth were greateft, that the fecond term:
of the ratio was lefs.

IV. Concerning the effecls of fails, according to
the different welocity of the wind.

Maxim 1. The wvelocity of windmsll fasls, whe-
sher unloaded, or lsaded fo as to produce a maximum,
is nearly as the wvelocity of the wind, their fhape
and pofition being the fame.

This appears by comparing together the refpective
numbers of columns 4 and g, tab. IV. wherein thofe
of numbers 2, 4, and 6, ought to be double of num--
bers 1, 3, and §: but as the deviation is no-where
greater than what may be imputed to the inaccuracy
of the experiments themfelves, and hold good: exact-
ly in numbers 3 and 4 ; which fetts were deduced
from the medium of a number of experiments, care-
fully repeated the fame day, and on that account are
moft to be depended upon; we may therefore con-
clude the maxim true.

Maxim 2. The load at the maximum is nearly,
but fomewbat lefs than, as the [quare of the velocsty
of the wind, the [bape and pofition of the fails be-
ing the fame.

This appears by comparing together the numbers
in col. 6. tab. IV, wherein thofe of numbers 2, 4,
and 6 (as the velocity is double), ought to be qua~
druple of thofe of numbers 1, 3, and 5 ; inftead of
which they fall thort, number 2 by 7%, number 4
by ¥5, and number 6. by % part of the whole.
The greateft of thofe deviations is not more confi-
derable than might be imputed to the unavoidable

errors
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errors in making the experiments: but as thofe
experiments, as well as thofe of the greateft load, all
deviate the fame way; and alfo coincide with fome
experiments communicated to me by Mr. Roufe
upon the refiftance of planes ; I am led to fuppofe a
fmall deviation, whereby the load falls fhort of the
fquares of the velocity ; and fince the experiments
No 3 and 4. are moft to be depended upon, we
muft conclude, that when the velocity is double, the
load falls fhort of its due praportion by %, or, for
th; fake of a round number, by about ;% part of the
whole.

Maxim 3d. The effects of the fame [ails at a maxi-
mum are nearly, but fomewhat lefs than, as the
cubes of the velocity of the wind. '

It has already been proved, Maxim 1ft, that the
velocity of fails at the maximum, is nearly as the ve-
locity of the wind ; and by Maxim 2d, that the load
at the maximum is nearly as the fquare of the fame
velocity : if thofe two maximums would hold pre-
cifely, it would be a confequence that the effet
would be in a triplicate ratio thereof: how this
agrees with experiment will appear by comparing
together the produdts in col. 8. of tab. 4. wherein
thofe of No 2. 4. and 6. (the velocity of the wind
being double) ought to be o&tuple of thofe of No 1.
3. and 5. inftead of which they fall fhort, No 2. by &
No 4. by %, and No 6. by z part of the whole.
Now, if we rely on No 3. and 4. as the turns of the
fails are as the velocity of the wind; and fince the
load of the maximum falls fhort of the fquare of the
velocity by about ;5 part of the whole: the produd

X 2 made
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made by the multiplication of the turns into the load,

mutft alfo fall thort of the triplicate ratio by about %
part of the whole product.

Maxim g4th. The load of the fame [ails at the maxi-
mum is nearly as the [quares, and their effeét as the
cubes, of their number of turns in a given time.

This maxim may be efteemed a confequence of
the three preceding ; for if the turns of the fails are
as the velocity of the wind, whatever quantities are
in any given ratio of the velocity of the wind, will
be in the fame given ratio of the turns of the fails:
and therefore, if the load at the maximum is as the
fquare, or the effect as the cube, of the velocity of
the wind, wanting ;% part when the velocity is
double ; the load at the maximum will alfo be as the
{quare, and the effe¢t as the cube, of the number of
turns of the fails in a given time, wanting in like
manner %-part when the number of turns are double
in the fame time. In the prefent cafe, if we com-
pare the loads at the maximum col. 6. with the
fquares of the number of turns col. §. of No 1 and 2.
5 and 6. or the produs of the fame numbers col. 8.
with the cubes of the number of turns col. 5. inftead
of falling fhort, as N° 3 and 4. they exceed thofe
ratios : but as the fetts of experiments Ne 1 and 2.
5 and 6. are not to be efteemed of equal authority
with thofe of Ne 3 and 4. we muft not rely upon
them further than to obferve, that iz comparing the
grofs effects of large machines, the direét proportion
of the fquares and cubes refpeitively, will bold as near
as the effects themfelves can be obferved ; and there-

| fore

5
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fore be fufficient for practical eftimation, without any
allowance.

Maxim sth. When fails are loaded fo as to produce
a maximum at a given velcity, and the velocity of
the wind increafes, the load continuing the fame ;
1/8ly, The increafe of effelt, when the increafe of the
velocity of the wind 1s fmall, will be nearly as the
Squares of thofe velocities: 2dly, When the velocity of
the wind is double, the effects will be nearly as 10:27%:
But, 3dly, When the velocities- compared, are more
than double of that where the given load produces a
maximum, the effelts increafe nearly in a fimple ratio
of the velocity of the wind.

It has already been proved, maxim 1ft and 2d,
that when the velocity of the wind is.increafed, the
turns of the fails will increafe in the fame proportion,
even when oppofed by a load as the fquare of the ve-
locity ; and therefore if wanting the oppofition of an
increafe of load, as the fquare of the velocity, the
turns of the fails will again be increafed in a fimple
ratio of the velocity of the wind on that account alfo ;
that is, the load continuing the fame, the turns of the
fails in a given time will be as the fquare of the ve-
locity of the wind ; and the effe@, being in this cafe
as the turns of the fails, will be as the {quare of the
velocity of the wind alfo; but this muft be under-
ftood only of the firft increments of the velocity of
the wind : for,

2dly, As the fails will never acquire above a given
velocity in relation to the wind, tho’ the load was
diminifhed to nothing; when the load continuefs the

ames
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fame, the more the velocity of the wind increafes
tho' the effe¢t will continue to increafe) yet the
more it will fall thort of the {quare of the velocity of
the wind; fo that when the velocity of the wind is
double, the increafe of effect, inftead of being as
1 : 4, according to the {quares, it turns outas 10:277,
as thus appears. In tab. 4. col. g. the loads of No 2,
4, and 6. are the fame as the maximum loads in
col. 6. of No 1, 3, and §. 'The number of turns of
the fails with thofe loads, when the velocity of the
wind is double, are fet down in col. ro. and the pro-
ducts of their multiplification in col. 11: thofe being
compared with the products of Ne 1, 3, and g. col.
8. furnifh the ratios fet down in col. 12. which at a
medium (due regard being had to No 3 and 4.) will
be nearly as 10:27%. 3dly. The load continuing the
fame, grows more and more inconfiderable, refpect-
ing the power of the wind as it increafes in velocity ;
{o that the turns of the fails grow nearer and nearer a
coincidence with their turns unloaded ; that is, nearer
and nearer to the fimple ratio of the velocity of the
wind. When the velocity of the wind is double,
the turns of the fails, when loaded to a maximum,
will be double alfo; but, unbaded, will be no more
than triple, by dedution 3d: and therefore the pro-
du@ could not have increafed beyond the ratio of
10:30 (inftead of 10:2%%) even fuppofing the fails
not to have been retarded at all by carrying the maxi-
mum load for the half velocity. Hence we fee, that
when the velocity of the wind exceeds the double of
that, where a conftant load produces a maximum,
that the increafe of effe@, which follows the increafe
of the velocity of the fails, will be nearly as the velo-
city
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city of the wind, and ultimately in that ratio pre-
cifely. Hence alfo we fee that windmills, fuch as
the different fpecies for raifing water for drainage,
&ec. lofe much of their full effect, when ating againft
one invariable oppofition.

V. Concerning the effeéts of fails of different magni-
tudes, the firullure and pofition being fimilar, and
the velocity of the wind the fame,

Maxim 6. In fails of a fimilar figure and pofition,
the number of turns-in a given time will be recipro-

cally as the radius or length of the fail.

The extreme bar having the fame inclination to
the plain of its motion, and to the wind ; its velocity
at a maximum will always be in a given ratio to the
velocity of the wind ; and therefore, whatever be the
radius, the abfolute velocity of the extremity of the
fail will be the fame: and this will hold good re-
fpe&ing any other bar, whofe inclination is the fame,
at a proportionable diftance from the center ; it there~
fore follows, that the extremity of all fimilar fails,
with the fame wind, will have the fame abfolute
velocity ; and therefore take a fpace of time to per-
form one revolution in proportion to the radius ; or,
which is the fame thing, the number of revolutions
in the fame given time, will be reciprocally as the
length of the fail.

Maxim 7. The load at @ maximum that fails of

a fimilar figure and pofition will overcome, at a given

diffance from the center of motion, will be as the cube
of the radius, ‘

Geo~
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Geometry informs us, that in fimilar figures the
{urfaces are as the fquares of their fimilar fides; of
confequence the quantity of cloth will be as the
fquare of the radius : alfo in fimilar figures and pofi-
tions, the impulfe of the wind, upon every fimilar
feGion of the cloth, will be in proportion to the fur-
face of that feCtion; and confequently, the impulfe
of the wind upon the whole, will be as the furface of
the whole : but as the diftance of every fimilar fec-
tion, from the center of motion, will be as the ra-
dius ; the diftance of the center of power of the
whole, from the center of motion, will be as the ra-
dius alfo ; that is, the lever by which the power acs,
will be as the radius: as therefore the impulfe of the
wind, refpecting the quantity of cloth, is as the
fquare of the radius, and the lever, by which it acs,
as the radius fimply ; it follows, that the load which
the fails will overcome, at a given diftance from the
center, will be as the cube of the radius.

Maxim 8. The effeét of fails of fimilar figure and
Dofition, are asthe fquare of the radius.

By maxim 6. it is proved, that the number of re-
volutions made in a given time, are as the radius in-
verfely. Under maxim 7. it appears, that the length
of the lever, by which the power acts, is as the radius
dire&ly ; therefore thefe equal and oppofite ratios de-
ftroy one another : but as in fimilar figures the quan-
tity of cloth is as the {fquare of the radius, and the
aétion of the wind is in proportion to the quantity of
cloth, as alfo appears under maxim 7 ; it follows that
the effect is as the fquare of the radius.

Coror.
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Coror. 1. Hence it follows, that augmenting the
length of the fail, without augmenting the quantity
of cloth, does is not increafe the power; becaufe
what is gained by the length of the lever, is loft by
the flownefs of the rotation.

Coror. 2. If fails are increafed in length, the
breadth remaining the fame, the effect will be as the
radius,

VI. Concerning the welocity of the extremities of
windmill fails, in refpeit to the velocity of the

wind.,

Maxim 9. The welocity of the extremities of Dutch
Jails, as well as of the enlarged fails, in all their ufual
pofitions when unloaded, or even loaded to a maximum,

are confiderably quicker than the welocity of the
wind.

The Dutch fails unloaded, as in Tab. 3. No 8.
made 120 revolutions in §2"”: the diameter of the
fails being 3 feet 6 inches, the velocity of their ex-
tremities will be 25,4, feet in a fecond ; but the velo~
city of the wind producing it, being 6 feet in the
fame time, we fhall have 6:24,4::1:4,2; in this
cafe therefore, the velocity of their extremities was
4,2 times greater than that of the wind. In like
manner, the relative velocity of the wind, to the ex~
tremities of the fame fails, when loaded to a maxi-
mum, making then 93 turns in 52", will be found to
be as 1:3,3; or 3,3 times quicker than that of the
wind.

Vour. Ll Y The
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The following table contains 6 examples of Dutch
fails, and 4 examples of the enlarged fails, in differ-
ent pofitions, but with the conftant velocity of the
wind of 6 feet in a fecond, from table 3: and alfo
6 examples of Dutch fails in different pofitions, with
different velocities of the wind, from table 4.

TABLE V. containing the ratio of the velocity of the
extremities of windmill fails to the velocity of tle
wind.

Nejge |8 o] 52 Ratio of the velocity
Sl Ry o8 of the wind and ex-
Hg g g1 82C¢ . .

s S|los]| 8 § § tremities of the fails,

O el on 2 T) L

zZ|Ed | P27 | unloaded. | loaded.
1 8 o°| 670" | 1:4,2 |1:3,3
2 9 3 6 a I1:4,2 |[I:2,8
3| 10 5 6o —_—— —r 2,75 =
4| 11 731 60 1:4, |1:2,7 =
51 12 10 6 o 1:3,8 [1:2,6 '_§
6| 13 ] 12 6o 1:3,5 (1:2,3 j

g

71 14 il 60 1:4,3 |1: 2,6 Q
8| 15 | 10 6 o I:4,1 [I:2,6 R

9| 16 | 12 6o It 4, I:2,3

1o 17 | 15 6 o 1:3,35 (1% 252

11 1 5 4 4% 1:4, 1 2,8 >

12 2 5 8 9 1:4,3 {1 2,6 :

131 3 741 4 43 |— — —[1:2,8 s

14| 4 7% 8 9 _—— —|I: 2,7

151 5[ 10 ] 445 [ 1:38 |t 2,6 g

16 6 | 10 89 1:3,4 (1:23 oy

1] 21 3 4 5 6

—
=3
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It appears from the preceding colleGion of ex-
amples, that when the extremities of the Duzch fails
-are parallel to the plane of motion, or at right angles
to the wind, and to the axis, as they are made accord-
ing to the common practice in England, that their
velocity, unloaded, is above 4 times, and loaded to
a maximum, above 3 times greater than that of the
wind : but that when the Dutch fails, or enlarged
fails, are in their beft pofitions, their velocity un-
loaded is 4 times, and loaded to a maximum, at a
medium the Dutch fails are 2,7, and the enlarged
fails 2,6 times greater than the velocity of the wind.
Hence we are furnifhed with a method of knowing
the velocity of the wind, from obferving the velocity
of the windmill fails; for knowing the radius, and
the number of turns in a minute, we fhall have the
velocity of the extremities; which, divided by the
following divifors, will give the velocity of the
wind.
unloaded 4.2
loaded —3.3
unloaded 4.0
loaded —2.7

o ) . unloaded 4.0
Enlarged fails in their beft pofition loaded— 2.6

Dutch fails in their common poﬁtion{

Dutch fails in their beft pofition --

From the above divifors there arifes the following
compendiums ; fuppofing the radius to be 3o feet,
which is the moft ufual length in this country, and
the mill to be loaded to a maximum, as is ufually the
cafe with corn mills ; for every 3 furns in a minute,
of the Dutch fails in their common pofition, the wind
will move at the rate of 2 miles an bour ; for every
§ turns in @ minute, of the Dutch fails in their beft

Y 2 pofition,
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pofition, the wind moves 4 miles an bowr ; and for
every 6 turns in a minute, of the enlarged fails in
their befi pofition, the wind will move § miles an
bour.

The following table, which was communicated
to me by my friend Mr. Roufe, and which appears to
have been conftrutted with great care, from a con-
fiderable number of facts and experiments, and which
having relation to the fubjet of this article ; I here
infert it as he fentit to me: but at the fame time muft
obferve, that the evidence for thofe numbers where
the velocity of the wind exceeds §o miles an hour,
do not feem of equal authority with thofe of 50 miles
an hour and under. It is alfo to be obferved, that
the numbers in col. 3. are calculated according to the
fquare of the velocity of the wind, which, in mode-
rate velocities, from what has been before obferved,
will hold very nearly,

TABLE
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TaBLE V1. containing - the wvelocity and force of
wind, according to their common appellations.

’ Velocity of SE .
the Wind. |§'-2
—— =L
2 |, 25t |
: - s .g :‘2“8' > Common appellations of the force of winds.
3 £ =] ©
245 38 |88
$|a [£58
1,471 ,005| Hardly perceptible.
2,93 ,020| - )
4.,30 3044 }Juﬁ perceptible.
5,871 3079( ¢ .
7:33 5123 }Genﬂe pleafant wind.

14,67| 549231 ;
2 2: 0ol 1: 107 }Pleafant brifk gale.
29,34 | 1,968 .
36,67 | 3,075 f very brik.
44,011 4,429} } High winds.
51,34 | 6,027
58,98 g’8g3  Very bigh.
,0I1 9,

| 73,35 xz,gog A ftorm or tempeft.
52 |cryigé lavon] A aricane

o} I o : y o
L00 142270 49:200 An hurircape that tears up trees, carries

buildings before it, &c. :

DWW NN =
.Oé: onnouneuwrnownbwid~

o

1 2 3

VIL concerning the abfolute effelt, produced by a
given velocity of the wind, upon fails of a given
magnitude and confirufiion.

It has been obferved by practitioners, that in mills
with Dutch fails in the common pofition, that when
they make about 13 turns in a minute, they then

- work
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work at a mean rate: that is, by the compendiums
in the laft article, when the velocity of the wind is
8% miles an hour, or 123 feet in a fecond ; which,
in common phrafe, would be called a _fre/b gale.

The experiments fet down in Tab. IV. No 4. were
tried with a wind, whofe velocity was 8% feet in a
fecond ; confequently had thofe experiments been
tried with a wind, whofe velocity was 127 feet in a
fecond, the effe&t, by maxim 3d, would have been
3 times greater ; becaufe the cube of 123 is 3 times
greater than that of 83.

From Tab.IV. No 4, we find, that the f{ails, when
the velocity of the wind was 84 feet in a fecond,
made 130 revolutions in a minute, with a load of
17,25 1. From the meafures of the machine, pre-
ceding the fpecimen of a fett of experiments, we
find, that 20 revolutions of the fails raifed the fcale
and weight 11,3 inches: 130 revolutions will there-
fore raife the fcale 73,44 inches, which, multiplied
by 17,52 1b, makes a produc of 1287, for the effect
of the Dutch fails in their beft pofition ; that is, when
the velocity of the wind is 8% feet in a fecond : this
produét therefore multiplied by three, will give 3861
for the effe& of the fame fails, when the velocity of
the wind is 122 feet in a fecond.

Defaguliers makes the utmoft power of a man,
when working fo as to be able to hold it for fome
hours, to be equal to that of raifing an hogthead of
water 10 feet high in a minute. Now, an hogfhead
confifting of 63 ale gallons, being reduced into
pounds averdupois, and the height into inches ; the
produ&t made by multiplying thofe two numbers

will be 768005 which is 19 times greater than the
pro-
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produé& of the fails laft-mentioned, at 124 feetin a
fecond : therefore, by maxim 8th, if we multiply
the fquare root of 19, thatis 4,46, by 21 inches,
the length of the fail producing the effe¢t 3861, we
thall have 93,66 inches, or 7 feet 93 inches for the
radius of a Dutch fail in its beft pofition, whofe mean
power fhall be equal to that of a man : but if they are
in their common pofition, their length muft be in-
creafed in the ratio of the fquare root of 442 to that
of 639, as thus appears ;

The ratio of the maximum products of N© 8 and
11. Tab. III. are as 44.2:639; but by maxim g,
the effects of fails of different radii are as the fquare
of the radii; confequently the the fquare roots of the
products or effects, are as the radii fimply; and
therefore as the fquare root of 442 is to that of
639; fo is 93,66 to 112,66 or 9 feet 4% inches.

If the fails are of the enlarged kind, then from
Tab. IIl. N° 11 and 15. we fhall have the fquare
root of 820 to that of 639::93,66: 82,8 inches, or
6 feet 104 inches: {o that in round numbers we fhall
have the radius of a fail, of a fimilar figure to their
refpective models, whofe mean power fhall be equal
to that of a man ;

The Dutch fails in their common pofition o feet:
The Dutch fails in their beft pofition —— 8
"F'he enlarged fails in their beft pofition — %

Suppofe now the radius of a fail to be 30 feet, and
to: be conftructed upon the model of the enlarged
fails, N° 14.or 15. Tab. Ill. dividing 30 by 7 we,
fhall have 4,28, the fquare of which 1s 18,33 and
this, accarding to maxim 7, will be the relative

3 power
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power of a fail of 30 feet, to one of 7 feet; that is,
when working at a mean rate, the 30 feet fail will be
equal to the power of 18,3 men, or.of 33 horfes;
reckoning 5 men to a horfe: whereas the effe® of
the common Dutch fails, of the fame length, being
Iefs in the proportion of 820:442, will be fcarce
equal to the power of 10 men, or of 2 horfes.

That thefe computations are not merely fpecula-
tive, but will nearly hold good when applied to
works in large, I have had an opportunity of verify-
ing : for in a mill with the enlarged fails of 30 feet,
applied to the cruthing of rape feed, by means of
two runners upon the edge, for making oil; I ob-
ferved, that when the fails made 11 turns in a mi-
nute, in which cafe the velocity of the wind was
about 13 feet in a fecond, according to article 6th,
that the runners then made 7 turns in a minute:
whereas 2 horfes, applied to the fame 2 runners,
fcarcely worked them at the rate of 3% turns in the
fame time. Laftly, with regard to the real fuperio-
rity of the enlarged fails, above the Dutch fails as
commonly made, it has fufficiently appeared, not
only in thofe cafes where they have been applied to
new mills, but where they have been fubftituted in
the place of the others.

VIIL. Concerning horizontal windmills and water-
wheels, with oblique vanes.

Obfervations upon the effeGts of common wind-
mills with oblique vanes, have led many to imagine,
that could the vanes be brought to receive the direct
impulfe, like a thip failing before the wind, it wou‘tl)d

7
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be a very great improvement in point of power:
while others attending to the extraordinary and even
unexpected effeéts of oblique vanes, have been led to
imagine, that oblique vanes applied to water-mills,
would as much exceed the common water wheels,
as the vertical windmills are found to have exceeded.
all attempts towards an horizontal one. Both thefe
notions, but efpecially the firft, have fo plaufible an
appearance, that of late years there has feldom been
wanting thofe, who have affiduoufly employed them-
felves to bring to bear defigns of this kind : it- may
not therefore be unacceptable to endeavour to fet this
matter in a clear light.

PraTe VI fig 2d. Let AB be the fe@ion of a
plain, upon which let the wind blow in the direction
C D, with fuch a velocity as to defcribe a given fpace
BE, in a given time (fuppofe 1 fecond); and let
A B be moved parallel to itfelf, in the direc-
tion C D. Now, if the plane A B moves with the
fame velocity - as the wind ; that is, if the point B
moves thro’ the {fpace BE in the fame time that a
particle of air would move thro’ the fame fpace; it
1s plain that, in thiscafe, there can beno preflure or
impulfe of the wind upon the plane : but if the plane
moves flower than the wind, in the fame direction,
fo that the point B may move to F, while a particle
of air, fetting out from B at the fame inftant, would
move to E, then BF will exprefs the velocity of the
plane; and the relative velecity of the wind and plane
will be exprefled by the line F E. Let the ratio of
FE to BE be given (fuppofe 2:3.); let the line
A B reprefent the impulfe of the wind upon the plane
A B, when a&ing with its whole velocity BE ; but,

Vor. LI Z when.
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when alting with its relative velocity F E, let its im-
pulfe be denoted by fome aliquot part of A B, as for
inftance § A B: then will § of the paraliclogram A F
reprefent the mechanical power of the plane ; thatis,
+ABx3BE.
2dly, Let IN be the feGion of a plane, inclined
in fuch a manner, that the bafe IK of the reGtangle
triangle IK N may be equal to AB; and the per-
pendicular N K=BE’; let the plane IN be ftruck
-by the wind, in the dire&tion L'M, perpendicular to
IK: then, according to the known rules of oblique
forces, the impulfe of the wind upon the plain IN,
tending to move it according to the dire@®ion L M, or
NK, will be denoted by the bafe IK; and that
part of the impulfe, tending to move it according to
the direction I K, will be exprefled by the perpendi-
cular N K. Lét the plane IN be movedble in the
dire@ion of I K only;-that is, the pointI in the di-
rection of I K, and the point N in the direGtion N Q,
parallel thereto. Now it is evident, that if the point
1 moves thro’ the line 1K, while a particle of air,
fetting forwards at the fame time from the point N,
moves thro’ the line N K, they will both arrive at the
point K at the fame time; and confequently, in this
cafe alfo, there can be no preflure or impulfe of the
particle of the air upon the plane IN. Now let IO
be to IK as BF to BE ; and let the plane IN move
at fuch a rate, that the point I may arrive at O, and
acquire the pofition 1 Qg in the fame time that a par-
ticle of wind would move thro’ the fpace NK: as
O Q_is parallel to I N; (by the properties of fimilar
triangles) it will cat N K in the point P, in fuch a
enanner, that N P=BF, and P K=F E: hence it
appears,
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appears, that the plane I N, by acquiring the pofi-
tion O Q, withdraws itfelf from the action of the
wind, by the fame fpace N P, that the plane A B
does by acquiring the pofition F G ; and confequently,
from the equality of P K to FE, the relative im-
pulfe of the wind P K, upon the plane O Q, will be
equal to the relative impulfe of the wind F E, upon
the plane F G: and fince the_ impulfe of the wind
upon A B, with the relative velocity F E, in the di-
rection B E, is reprefented by 2 A B; the relative
impulfe of the wind upon the plane IN, in the di-
rection N K, will in like manner be reprefented by
% 1K ; and the impulfe of the wind upon the plane
IN, with the relative velocity P K, in the dire&ion
1K, will be reprefented by 2 N K : and confequently
the mechanical power of the plane I N, in the direc-
tion I K, will be ¢ the parallellogram 1 Q_: that is
+IK x 3 N K : that is, from the equality of IK=A B
and N K=BE, we fhall have {1 Q=4 ABx{BE
=3 A Bx 5 B E={ of the area of the parallellogram
A F. Hence we deduce this

GENERAL PrRoPOSITION,

That all planes, bowever fituated, that interceps
the fame fection of the wind, and having the fame res
lative velocity, in regard to the wind, when reduced
into the fame direition, bave equal powers to produce
mechanical effells.

For what is loft by the obliquity of the impulfe,
is gained by the velocity of the motion.

Hence it appears, that an oblique fail is under no
difadvantage in refpect of power, compared with 2
dire&t one; except what aril;ezs from a diminution of

2 Hs
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its breadth, in refpe@ to the feGtion of the windz
the breadth I N being by obliquity reduced to I K.

The difadvantage of horizontal windmills there-
fore does not confift in this; that each fail, when
directly expofed to the wind, is capable of a lefs
power,. than an oblique one of the fame dimenfions ;
but that in an herizontal windmill, little more than
one fail can be adting at once: whereas in the com-
mon windmill, all the four at together : and there-
fore, fuppofing each vane of an horizontal windmill,
of the fame dimenfions as each vane of the vertical,
it is manifeft the power.of a vertical mill with four
fails, will be four times greater than the power of
the horizontal ane, let its number of vanes be what it

vill : this difadvantage arifes from the nature of the
thing; but if we confider the further difadvantage,
that arifes from the difficulty of getting the fails back
again againft the wind, &c. we need not wonder if
this kind of mill is in reality found to have not above
% or +5 of the power of the common fort; as has ap-
peared in fome attempts of this kind.

In like manner, as little improvement is to be ex-
pected from water-mills with oblique vanes : for the
power of the fame feGtion of a ftream of water, is
not greater when acting upon an oblique vane, than
when afting upon a direct one: and any advantage
that can be made by intercepting a greater fection,
which fometimes may be done in the cafe of an open
river, will be counterballanced by the fuperior refift-
ance, that fuch vanes would meet with by moving at
right angles to the current: whereas the common
floats always move with the water nearly in the fame
direction.

Here
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Here it may reafonably be afked, that fince our
geometrical demonftration is general, and proves, that
one angle of obliquity is as good as another; why in
our experiments it appears, that there is a certain
angle which is to be preferred to all the reft? Itis to
be obferved, that if the breadth of the fail I N is
given, the greater the angle KI N, and the lefs will
be the bafe I K : that is, the feGtion of wind inter-
feGted, will be lefs: on the other hand, the more
acute the angle K I N, the lefs will be the perpendi-
cular KN': that is, the impulfe of the wind, in the
dire@ion IK being lefs, and the velocity of the fail
greater ; the refiftance of the medium will be greater
alfo. Hence therefore, as there is a diminution of the
fection of the wind intercepted on one hand, and an
increafe of refiftance on the other, thereis fome angle,
where the difadvantage arifing from thefe caufes up-
on the whele is the leaft of all ; but as the difadvan-
tage arifing from refiftance is more of a phyfical than
geometrical confideration, the true angle will beft be
affigned by experiment,

ScHoLIUM.

In trying the experiments contained in Tab. III,
and IV, the different fpecific gravity of the air, which
is undoubtedly different at different times, will caufe
a difference in the load, proportional tothe difference
of its fpecific gravity, tho’ its velocity remains the
fame ; and a variation of fpecific gravity may arife
not only from a variation of the weight of the whole
column, but alfo by the difference of heat of the air
concerned in the experiment, and poflibly of other
caufes ; yet the irregularitics that might arife from a

dif-
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difference of fpecific gravity were thought to be
too fmall to be perceivable, till after the principal
experiments were made, and their effects compared ;
from which, as well as fucceeding experiments, thofe
variations were found to be capable of producing a
fenfible, tho’ no very confiderable effet: however,
as all the experiments were tried in the fummer fea-
fon, in the day-time, and under cover ; we may fup-
pofe that the principal fource of error would arife
from the different weight of the column of the atmo-
fphere at different times; but as this feldom varies
above 7 part of the whole, we may conclude, that
tho’ many of the irregularities contained in the experi-
ments referred to in the foregoing effay, might arife
from this caufe ; yet as all the principal conclufions
are drawn from theé medium of a confiderable num-
ber, many whereof were made at different times, it
is prefumed that they will nearly agree with the
truth, and be altogether fufficient for regulating the
prattical conftruction of thofe kind of machines, for

which ufe they were principally intended,
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