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Specimina Ichnograpbica. 

Dissertation I. 

A new Invention for Heating and Boiling 
Water or other Liquors, with far lefs 
Expence of Fuel, than hy the common 
Methods now in Ufe. 

Art. i.^TIHE common Method of boiling Water 
|| and other Liquors (fince the Invention 

-JL of fetting Furnaces in Brick-work) is 
by the Application of Fire under the Bottom, and 
round the Sides of the Furnace or Boiler, wherein the 
Water is to be boiled. In this Way (notwithftanding 
how much Ibever it may exceed the boiling of Water 
in a Kettle over an open Fire) it is evident, that well 
nigh half of the Heat or Effedt of the Fire, is employ’d 
in heating the Walls of the Fire-place, and confe- 
quently fb much of it is in great mealure loft. Be- 
lides, in the belt contrived Furnaces that ever I faw, 
the Current of Flame and Heat, after having fetch’d 

one 
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one Angle Compafs by a Flue round the Furnace, 
makes its Exit prefently into the Tunnel, where the 
greate^HForSe of the Heat is immediately fent up into 
the Air,' and any farther Benefit and Advantage of it 
entirely loft. 

Art! i. Moreover, when there is a great Quantity 
of Water to be heated, as in large Boilers containing 
30 or 40 Hogflieads, the Body or Bulk of it is fo large, 
that the Contact of the Fire on the Outfide of the 
Boiler muft be every where at theDiftance of 4 or j 
Foot from fome Parts of the Water, which renders 
the Operation exceedingly flow before it boils, and 
alio is the Occafion that it requires much more Fuel 
to keep it boiling, than if Matters were otherwile or¬ 
der’d, as will be feen by and by. 

Art. 3. It will be needlels to fet forth here the va¬ 
rious Experiments I have made Ufe of, with Relation 
to the Article of faving the Expence of Fuel in boiling 
Water j fince it will be lufficient if I defcribe the new 
Method I propole, and explain the Conftru&ion of a 
large Boiler,- for inftance, one about the Size of that 
employ’d at York-Buildings, for working the famous 
Engine for railing Water by Fire, which is the nobleft 
Invention that any Age has produced, and is of far 
more extendve Ufe than has hitherto been thought of, 
and efpecially it will be fo, when it has received the 
Improvement of being wrought with one half of the 
Fuel now confirmed. 

Art, 4. In the Method I am Ipeaking of, the Fire 
is 
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is not to be made on the Outfide of the Boiler, as in 
the ulual Way, but in the Center or Midi! of the Wa¬ 
ter to be boil’d, in a Furnace of Copper, Brals or 
Iron, of a peculiar Form and Figure $ and the 
Water to be contain’d undequaque on the Outfides of 
it, in a Velfel made of Wood, Lead, or any other 
Material that will hold Water, by which Means the 
whole Force and Energy of the Fire will be imploy’d 
folely in heating the Water, the Fire here is clofely 
confin’d, and the Heat not fo foon difcharg’d in the 
open Air, the Surface of Contact of the Fire againft 
the Water will be larger, the Diftances the Fire is to 
penetrate much lels, the Superficies of the Water for 
emitting Steams greater 5 and confequently far lels Ex¬ 
pence of Fuel will be required, &c. 

A Defcription of the new Boiler, Fig, 1. 

Art. y. The whole Figure is aSe&ion of it length¬ 
ways through the Middle. A B C is the Copper, Brals 
or Iron Velfel, or Fire-place, included in a large ex¬ 
ternal Velfel D EFG, two thirds full of Water, fup- 
ported in its proper Situation by Iron Bars from the 
Bottom Plank EG, and firmly fcrew’d down to the 
faid Plank by means of a Planchet or Border aa on 
the Outfide, round the Part, where the Fire is to be 
made on the Grate H, in fuch manner that no Water 
may iffue out. 

This Copper Velfel, at the Place where the Fire is 
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made, is to be in Breadth from A to I about 21 Inch¬ 
es, and in Height about 3 Foot from H to K, and in 
Breadth the other Way on the Flat (not vifible in this 
Figure) 4 Foot: and then from I to B, where it turns 
up, it is to be of one uniform Depth and Breadth, viz. 
a Foot deep and 4 Foot broad. Laftly, from B to C 
the Tunnel where theSmoak is difcharged, it may be 
made tapering from 4 Foot to 2 Foot, or a Foot and 
half, and from 1 x Inches to 10 or 9, as will belt ferve 
the Occafion, and carried up by a Tin Shaft to any 
Height. So much for the Copper or Fire-place. 

The large VefTel D E F G, containing the boiling 
Water, is to be made after the following Manner: 
The Top and Bottom each to confift of three good 
fubftantial Planks y or 6 Inches thick, 2 Foot broad, 
and 14 Foot long, well fitted together, and the Joints 
or Seams calked within and without with Oakham. 
This Top and Bottom are to be kept afunder at their 
proper Di(lance with a Frame of Wood or Iron Bars 
placed in the Infide, viz. at the End D E at 7 Foot 
Diftance, and at the other End F G y Foot. This 
being done, the Sides are to be made of good fubftan- 
tial Sheet Lead, firmly nail’d all round to the Edges of 
the Top and Bottom Plank,- and this would complete 
it, was it not, that there will be a Necelfity to take it 
abroad fometimes to mend the Copper within, when 
defective,- therefore it muft be made to take afunder 
in the Middle, which may be thus contrived. The 

Lead 
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Lead muft be difpofed of in two Sheets, one of them 
nail’d to the upper Plank, and the other to the bottom 
one, as before mentioned ,• and at the Middle, where 
they are to meet, they mull be allow’d broad enough 
to turn off ftjuare outwards, about 3 Fingers Breadth, 
fo that they may lie flat one on the other, and be¬ 
ing thus placed, thin Plates of Iron clap’d on each 
Side, and fcrew’d together with Screw-Pins thro’ Lead 
and all, will fo pinch the Foldings together, that the 
Joint will be fecured from leaking j or if this Method 
fhould not be thought fufficient, the Edges may be 
folder’d together, the Expence being not very great. 
If the Sides of this Boiler, being of Lead, ihould not 
be fuppoled to be ftrong enough to luftain the Weight 
of the Water within, and the Force of the Steam, Qfc. 
it will be very eafy to {Lengthen the Outfide with a 
Frame of Timber-work fcrew’d together, that may be 
taken abroad at Pleafure. And thus this Boiler may 
be open’d at any Time to repair the Copper within, 
which alfo may be taken out without much Trouble, 
only by unfcrewing it from the Bottom Plank at the 
Grate. Laftly, a Cafe of Boards may be fitted all 
round the Boiler, fill’d with Sand to keep in the Heat, 
the Sand may be perhaps 8 or 9 Inches thick or more, 
as will be found bell to anfwer the End. 

Art. 6. The better to difcover the Preference o! 
this Boiler to the common Furnaces, it will not be 
amils to make a Comparifon between them. The Ca¬ 
pacity of the Boiler of the Engine to raile Water by 

B Eire 
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Fire at York-Buildings, is nearly the fame with this 
here described. I fuppofe the Diameter of that Fur¬ 
nace to be about 8 Foot and a half, and its Depth a- 
bout 8 Foot; if fo, its Contents will be about 453 cu¬ 
bical Feet, which is about 53 Hoglheads, after the 
Rate of 8 Foot and a half to the Hogfhead, which is 
a little more than Wine Meafure; be that as it will, 
to reckon by cubical Feet will be the moil commodi¬ 
ous for the prefent Calculation. 

Art. 7. The Comparifon. 

Che Boiler at York-Buildings. 

Suppofe we then, the total Ca¬ 
pacity of the Boiler at York-Build- 
ings to be in cubical Feet 453. 

Two thirds of this Boiler to be 
filled with Water; and one third 
for the Reception of Steam. 

The Contaft of the Fire againft 
this Boiler may be fuppofed to be 
all over the Bottom, and about 18 
Inches up the Sides, which is in 
fquare Feet about 95. 

Water kept boiling (as I have 
experienced with great Exattnefs) 
evaporates after the Rate of an 
Inch and half in Depth per Hair: 

Therefore 

The New Boiler. 

The Dimenfions here being 14 
Foot long, 6 broad, and, at a 
Medium, 5 deep, the whole Ca¬ 
vity would contain 504 cubical 
Feet-, out of which the Space the 
Copper or Fire-place takes up (a- 
bout 50 Foot) being deduded, 
what remains will be in cubical 
Feet 45*4. 

The fame in this. 

The Contad of the Fire in this, 
reckoning the leaft of it, is more 
than 10 Foot per 12, 120, ex¬ 
ceeding the other 25 Foot. The 
Contad of the Fire, I lay, is in fu- 
perficial fquare Feet 120. 

The 
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'Therefore the larger the Surface, 
ceteris paribus , the greater the 
Evaporation or Production of 
Steam, 

The Superficies of the Water in 
this Boiler is in fquareFeet 56.71. 

The Water therefore evapora¬ 
ted in an Hour in this will be in 
cubical Feet 7, about 5% Gallons. 

The Water in this Boiler lies 
together in a vafl: bulky Body, 8 
or 9 Foot Diameter, and about 5 
or 6 Foot deep; fo that the Fire 
on the Outfide does not reach the 
middle and upper Part of it with¬ 
in, by 4 or 5 Foot. 

Laftly, in this, as in all other 
common Furnaces, the Force of 
the Fire is hurried away with great 
Impetuofity from the Fire-place, 
through the Flues up the Tunnel, 
without imparting its greatefl: Ef¬ 
ficacy to the Water it is to heat. 

<) 

The Superficies of the Water 
in this Boiler (the Dimenfions be¬ 
ing 14 per 6) is in cubicalFeet 84. 

The Water evaporated in this 
therefore will be one third more 
than in the Tork-Buildings Boiler, 
which will confequently generate 
one third more Steam, viz. every 
Hour in cubical Feet io.y about 
78 Gallons. 

In the new Boiler (which is a 
very confiderable Advantage in 
this Invention) the Fire is hardly 
any where much more than at a 
Foot’s Diftance from any Part of 
the Water, as is apparent from 
the Conftru&ion of it. 

In the new Boiler the Fire is fo 
contrived, that it burns in a Re¬ 
verberatory Furnace, which af¬ 
fords the ftrongeft Heat that cu¬ 
linary Fire is capable of producing 
by any Art we know of, and that 
Heat is retained and improved to 
the utmoft, before it is difmiffed 
at the Tunnel 

The Comparifon between thefe two Boilers here fet 
forth, being confidered, and the feveral Advantages 
of the one above the other duly weighed, will with¬ 
out doubt Efficiently recommend this new Method to 

B z be 
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be put in Practice, and therefore it will be needlefs to 
add any thing more in Vindication of it. 

Art. 8. However there may be contrived another 
Sort of Boiler, theConftrudtion of which is fomewhat 
different from this now defcribed, tho’ in the main de¬ 
duced from the fame Principles; but I cannot fay 
whether much preferable to it or not, having not made 
Trial of it,- it is as follows: 

The external or containing Veffel here is a Cylinder, 
Fig. 2. whofe Diameter is to be 9 Foot, and its Alti¬ 
tude 8 Foot and a half, the Top and Bottom of firm 
Plank, and the Sides of Lead, hooped with Iron 
Hoops, or perhaps it may be ail of Wood, if fo large 
a Calk can be made. 

From the Fire-place (of the fame Dimenfions with 
the other) is to be continued a large Copper-worm 
about 15 Inches Diameter, and about 40 Foot in 
Length, as is vifible in the Figure. By which Con¬ 
trivance the Flame, heated Air, and Smoak are retain¬ 
ed more than three Times as long as in the other, 
which is a very fingular Privilege and Advantage in 
this For m - the Contadt of the Copper againft the 
Water to be heated is far more extenfive, than in the 
other; all other Things relating to it are pretty much 
the fame.' If this Ihould not be found to have Draught 
enough of Air barely by the Admilfion of it at the 
Grate, a large Pair of Bellows may be made ufe of to 
force the Fire, as may be found necelfary. 

Art. 9. It is a Thing well known, that in boiling 
of 
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of Water in a cylindrical VefTel over a Fire, there is 
a conftant Flux of the bottom Part of the Water, as 
it heats, to the topand alio a reciprocal Flux of 
that at the Top, which is colder, down towards the 
Bottom, occasioned from the Difference of the fpeci- 
fick Gravity in the Parts of the Water at the Top and 
Bottom of the Boiler, the Heat communicating itfelf 
to that Part of it, which is next to the Fire, rarities 
it, and makes it lighter, and caufes it to afcend and 
consequently that, which is colder, defcends. 

Art. io. From this Theory, which is Matter of 
Fa<5t, it is evident that this Boiler is contrived very 
advantageoufly, for that the upper Part of the Water 
receiveth the ftrongeft Heat, and boils moft furioufly, 
whilft the lower Part has alfo a moderate Share of the 
Benefit of the Fire, So as to prepare it to afcend, as 
Occafion requires, to anfwer the Evaporation; for 
which Reafon I Should advife the Supply of frefh Wa¬ 
ter to be made at the Bottom of the Boiler, not at the 
Top, as it is ufually done in the Fire-Engine from 
the large Cylinder or Steam-Barrel I mean, that the 
warm Water defcending from thence Should be con¬ 
veyed into the Boiler near the Bottom of it, not at the 
Top; becauSe the coming of it in there damps the 
boiling, and hinders the Afcent of the Steam. 

Art. ii. This Boiler would exceed the other in 
point of faving Fuel •, but then the Conftrudlion of it 
may be look’d upon Somewhat more difficult, and the 
repairing and amending of it, when Need requires, 

1 perhaps 
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perhaps not quite fo eafy; tho’ even this is not to be 
look’d upon as impracticable. 

Art. xx. It is now more than 30 Years fince the 
Engine for railing Water by Fire was at firft invented 
by the famous Captain §aver<y, and upwards of 20 
Years that it received its great Improvement by my 
good Friend the ever-memorable Mr. Newcomen, 
whole Death I very much regret; and that it has not 
been more frequently made ufe of, and employed al¬ 
io to other Purpofes, as well as almoft folely the drain¬ 
ing of Coal-mines, feems to be owing to the great 
Expence of Coals that is required for the working of 
it, it being at prefent fo very expenfive on that Ac¬ 
count in tome Parts of England y efpecially where 
Coals are at an exceffive Price, that in many Copper 
and Lead-Mines it cannot be fet up. 

Art. 13. For the working the Engine at Tork- 
Buddmgs, the Article of Coals is at leaft 1000 Pounds 
a Year, and proportionably as much in all others, 
where Coals are as dear as they are in London, accord¬ 
ing to the Largenels of the Engine. Now if this En¬ 
gine can be wrought at half the Expence of Coals, or 
even at two Thirds of the Expence, there will be great 
Encouragement, not only for the fetting it up in ma¬ 
ny Places, where at the prefent it cannot be alforded, 
but alio of applying it to many other Ufes in Mill- 
Work, and particularly for draining large Levels of 
low Lands, to which Purpofe I greatly admire that it 
has never been as yet applied, when a whole River 

might 
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might be lifted with it 4 or j Foot high or more, as 
Occafion Ihould require. 

Art. 14. One confiderable Advantage of this new 
Boiler, that has not hitherto been mention’d, is, that 
it is capable of being removed and fhifted with great 
Eafe from one Place to another, which cannot be lo 
readily done in Furnaces that are fet in Brick-work. 
By this means it may without great Trouble be adapt¬ 
ed to this or that Shaft of a Mine, as Occafion may 
require. It may alfo be put on Board to navigate a 
Ship, as will be Ihewn in the Sequel of this Tra6t, 
which the Fire-Engine now in Ufe is altogether inca¬ 
pable of, on account of its Brick-work Furnace. 

Dissertation II. 

New Inventions for the Application of 
Powers (never before made ufe of for 
fuch Purpofes) to give Motion to En¬ 
gines, whereby a Ship may be navigated 
in a Calm, and fome other great Works 
perform'd, where much Force is requi¬ 
red. 

Art. 1. /Tf'H E ancient Greeks and Romans, for ought 
If we read in Hiftory, contented* them- 

felves with giving their Ships a Motion in calm Wea¬ 
ther 
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thcr by rowing them with Oars, much after the fame 
Manner as the Galleys are rowed now-a-days. Seve¬ 
ral Attempts have been made in our modern Times 
to navigate a Ship in a Calm, after a more expedi¬ 
tious Manner, and in a lefs laborious Way, than can 
be effected by the Means of common Oars • but thefe 
Attempts have hitherto all of ’em proved unfucceff- 
ful, their Contrivances having been (by all that I 
could hear or learn of ’em) by fome kind of Machi¬ 
nery working without the Ship, having a Motion 
communicated to them from within from the Cap- 
ftan or otherwife, fomething analogous to Oars, Pad¬ 
dles, or by the Revolution of Wheels, or the like, 
which have ever been found incommodious, and con- 
fequently not practicable. 

Art. x. The Method, that I propofe for navigating 
a Ship, is altogether of another Nature, and very 
different from any Thing that has been ever yet at¬ 
tempted, no Part of its Machinery or Apparatus be¬ 
ing without the Ship. In fhort, the Principle of gi¬ 
ving Motion to the Ship, in my Way, is by forcing 
Water or fome other Fluid through the Stern or hin¬ 
der part of it into the Sea by a proper Engine or En¬ 
gines placed within the Ship for that Purpofe. 

Art. 3. This is an Operation confentaneous to 
Nature, agreeable to what the Author of it has fliewn 
us in the Swimming of Fifhes, who proceed in their 
progreflive Motion, not by any Vibration of their 
Fins, as Oars, but by Protrufion with their Tails. So 

likewife 
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likewife Ducks and other Water Fowls fwim forward 
by paddling with their Feet behind their Bodies. Nor 
is it diffonant to fome Productions of Art j witness 
the Sky-rockets afcending in the Air by Virtue of a 
Stream of fired Gun-powder forceably burfting out at 
the lower End of it, and the Recoiling of a Canon 
when it is fired off, &*c. 

Art. 4. I got a Tin Machine, or Sort of Boat, to 
be made 11 Inches long, 5 Inches broad, and about 
6 deep. I put it into a Veflel of ftagnant Water, and 
loaded it in fuch manner, that it funk in the Water 
exactly 3 Inches and three quarters in Depth, and in 
fuch Cafe 18.75 fquare Inches would be the Surface of 
it prefenting to the Water, which we call the Surface 
of Refiftance immerfed in the Water, which Surface of 
18.75 Inches, was equal to 300 times the Aperture in 
the Pipe or Tube of a quarter of an Inch fquare, by 
and by to be mentioned. In this Tin-Boat was placed 
a cylindrical Veffel 6 Inches high, and almoft 3 Inches 
Diameter filled with Water, and at the Bottom of it 
in a horizontal Pofition, was a finall Pipe or Tube a 
quarter of an Inch fquare, carried quite through the 
Stern of the Boat, about an Inch and half under the 
Surface of the Water in which the Boat floated, where it 
had its Aperture of a quarter of an Inch Iquare. Things 
being thus prepared, I ftopt the Aperture, at the End 
of the Tube, underWater, with my Finger,- and then, 
when the Boat was in a fteady Pofition, and the Wa¬ 
ter calm, I gently drew it away, and leaving the Boat 

C ‘ at. 
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at Liberty, the Water beginning to run out at the End 
of the Tube, gave Motion to it as i expected- which 
Motion, as nearly as I could obferve upon many Tri¬ 
als, was 3 Foot in 10 or 11 Seconds of Time, which 
is after the Rate of ioj<5 in an Hour, or one fifth of a 
Mile. The Column of Water being 6 Inches high, 
W'e may fuppofe the Preflure of it at a Medium to be 
equal to 3 Inches in Height. The Motion of the Boat 
at the firft was very flow, hut increafing gradually to¬ 
wards the laid it was more fwifr, and could it have 
been continued longer, it would doubtlefs have acqui¬ 
red frill a fomewhat greater Celerity. 

Art. 5. Let us in this Experiment fuppofe the re¬ 
filling Surface to be augmented to 500 fquare Feet, 
which is much about the Size of a crofs Section at the 
main Breadth of a 70 Gun Ship j then in proportion 
the Diameter of the Aperture of the Tube muff be en¬ 
larged to about 2.0 Inches fquare•, then it is plain, 
that the Preffure of a Column of Water of 20 Inches 
fquare and 3 Inches high, would move the Ship after 
the Rate of 1056 Feet, or one fifth of a Mile in an 
Hour. The Weight of a Column of Water 20 Inches 
fquare and 3 Inches high, will be found to be 25 
Pound and .3328 in Decimals, at the Rate of a cubi¬ 
cal Foot of Water (being Salt-water) weighing 64 
Pound. 

Art. 6. It has been abundantly demonitrated, or at 
lealt prefumed to have been demonftrated, that the 
Refiftance of Fluids is as the Squares of the Velocities 

of 
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of folid Bodies moving in them, and the moving Pow¬ 
ers are always equal to the Refinances. Hence in the 
Cafe before us, as the Square of the Velocity of one 
fifth of a Mile in a given Time, viz. an Hour, is to the 
Square of the Velocity of 2 Miles ,• fo is 25.3328 to 
a fourth proportional, which by working will be found 
to be 2533.2 &c. Pound Weight, which is equal to 
the Force required to navigate a Ship, whofe Surface 
of Refiftance contains 500 Foot, at the Rate of two 
Mile an Hour, according to this Way of Reckoning. 
This, how random a Computation foever it may feem 
to be, will notwithflanding be found not very diftant 
from other more accurate Calculations, or from the 
Truth itfelf in Fadt. 

Art. 7. Some Things very well worth remarking 
to the Purpofe in Hand, may be obferved from the 
Rowing of the Galleys in the Mediterranean Sea. A 
Galley, whofe Surface at a crols Sedtion at the main 
Breadth prefenting to the Water is 80 Foot, having 
5 2 Oars, and 3 Men at an Oar, (15<5 Men) proceeds 
ordinarily in a Calm at the Rate of about 3 Mile and 
two thirds in an Hour. At that Rate of Rowing, the 
Weight of Water againft the Galley is 2240 Pounds, 
according to M. de la Hire, Memoir des Scien. Anno 
1702. p. 370. allowing it lo (tho’ it is no more than 
1606) that Weight being equally divided among the 
156 Men, each Rower impels towards navigating it 
no more than 14 Pound and 6 Ounces or thereabouts, 
which they unitedly contribute to give it that Motion. 
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But then it is to be considered, that at lead two thirds 
of their Force is loft in wielding the Oars being 3 6 
Foot long, which mud be moved upwards and down¬ 
wards, as well as backwards and forwards; and in 
giving it this laft Motion the Rowers are obliged to 
run backwards and forwards, he that is the fartheft 
from the Fulcrum no lefs than 6 Foot, and the reft 
prcportionably; add to this, that they fometimes 
meet with Oppofition of Water in fetching their 
Stroke, and fometimes quite mifs their Stroke; be- 
fides they wreft the Galley from Side to Side, and di- 
fturb its diredt Motion, one Side of the Rowers hap¬ 
pening almoft always to out-row, or pull ftronger 
than the other, which is unavoidable; this makes 
the Galley move in a crooked Line from Side to Side; 
but this you will fay is to be help’d by the Steerage, 
right; but then fo much as it is rectified by the Rud¬ 
der, fo much of the Motion is abated and retarded. 
There is alfo yet another Thing, which in fome 
meafure impedes the progreffiveMotion, which is the 
Dancing of: the Galley upwards and downwards, oc- 
cafioned by the lifting up and plunging down the 
Oars in the Sea. It is farther to be obfervcd, that 
they ftrike no more than 24 Strokes in a Minute, and 
one third of that Time only is applicable to give 
Motion to the Galley, the reft being imployed in 
weilding the Oars, £fc. as before noted. By Reafon 
of thefe Impediments it cannot be fuppofed, that 
more than one third of the Rower’s Strength exerts 
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itfelf in forwarding the Galley. In my Way there¬ 
fore of Navigating, herein after to be explained, 
wherein all thefe Inconveniencies are avoided, lefs 
than half of the Number of Hands would fuffice for 
Rowing a Galley of that Dimenfions, after the Rate 
of 3 Miles and two thirds an Hour. There are fome 
Galleys that are larger, and have greater Numbers of 
Hands on Board, but then the lame Proportion holds 
good in all. They have ufually from zy to 30 
Benches of Oars on each Side, and 4 or y Slaves to 
each Bench ,• they are from 20 to 22 Fathom long, 
3 broad, and 1 deep; and they are faid to Row y 
Miles an Hour, but then they have a vaft Number of 
Hands. Let their Rate of Rowing be what it will, 
the fame is to be performed in my Way with half 
the Number of Men, which certainly is Incourage- 
ment enough for thofe that make Ufe of Galleys, 
to put this Method in Practice, whatfoever the Wif- 
dom of this Nation may think fit to do. 

Art. 8. Philofophtcal Tranfa&tons, N° 169. A cu¬ 
bical Foot of Pump Water, by Experiment is found- 
to weigh 61 Pound and 8 Ounces j but Salt-water 
may weigh about a twenty-ninth or a twenty-eighth 
more than common Water: which Allowance being 
made, a cubical Foot of Sea Water at the moll can 
weigh no more than 64 Pound, which I make the 
Standard in my future Calculations, 
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Art. 9. Water falling from a 
Refervoir 14 Foot high, from A to 
D, acquires the Velocity of 28 
Foot in a Second, as has been 
found by very nice Experiments. 

From whence a general Rule 
for Calculation in all Cafes may be 
eftablilhed, (Refiftances of Fluids 
being as the Squares of the Velo¬ 
cities of Bodies moving in them) 
as thus: 

As 784 (the Square of 28, the 
Velocity in D) is to the Square of 
the Velocity in B, (which is to be 
found by Experiment, it being the 

.Velocity of the Current, or the 
Velocity you would have the Ship to fail at in a Se¬ 
cond of Time, or the Height of the Refervoir from 
A to B, which are all the fame Thing •, for Example, 
fuppofing the Current to move after the Rate of one 
Mile an Hour, viz. 5280 Foot, then it would move 
1.4666 ®>c. in a Second, the Square of which is, 
2.1508.) foisAD, 14 to a fourth Term, which fourth 
Term is the Length of the Line from A to B, and is 
to be multiplied by 64, the Pounds in a cubical Foot 
of Water, (vid. Art. praced.) and this Rule will hold 
univerfaily. See the Operation following; 

D. 28. 
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2.1508 

i4- 

86032 
21508 

784. ] 30.1 I 12 ( .0384 — 

) 23-52 V 64. 
6-591 H36 
6272 2304 

.3192 24576 = to the Weight of Water againft one 
.3136 Foot, at the rate of one Mile an 

— — Hour. 
..56 

For A B, the Height of the Refervoir being deter¬ 
mined from the given Celerity, and the Proportions 
beintr as above mentioned, it will be eafv to difcover 
the Refrftance of the Water in all Cafes whatsoever, 
and the Powers able to overcome it in any fingle 
Foot of Water,- and from thence the crols Sedtion of 
a Ship, which is the Surface of Refrftance, being gi¬ 
ven in fquare Feet, the Power to navigate it.- in ftil-h 
Water may be known by multiplying the Weight of 
Refrftance of that fquare Foot, into the Number of 
fquare Feet contained in the Ship’s Surface of Refifb- 
ance. So alfo the Force required to navigate a Ship 
or Boat againft any determined Current may be found 
out, if we add the Celerity of the Current to the Re¬ 
ft ftance of dead Water, and proceed in the. Manner 
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After this Manner may be found the Force required 

to navigate a Ship of any Burthen, after the Rate of 
t, i, 3,4, &C. Miles an Hour, by the fame Method 
of Proceeding. 

Art. io. A 70 Gun Ship may be about 38 Foot 
Beam, and may draw 16 Foot Water, not including 
the Keel; a Section then at the main Breadth will 
contain about 500 Foot, which is the Surface of Re- 
fifiance. And if it be required to know what Force 
is fufEcient to navigate it in a Calm, for Example 
after the Rate of two Miles an Hour, we had need 
only to multiply 9.8, the Weight of Water again ft 
one Foot, by 500, the whole Surface of Refiftance, 
and the Product wiil be 4900 Pounds equal to the 
Force required; and if we would have it to fail after 
the Rate of 3 Mile an Hour, it would require fome- 
what more than double the Force to effebt it, as the 
Method of Calculation, here laid down, would fhew. 

And this Method of Calculation would undoubted¬ 
ly obtain, if the Form of a Ship was an exabt Paralle- 
lopepid, at each End flat and fquare; but the Figure 
and Shape of it is fo artfully contrived to facilitate its 
Paflage thro’ the Water, that it very much alters the 
Cafe, as the Experiment underneath will demonftrate. 

Art. i 1. It is a Propofition felf-evident, That a 
Force or Power, whatsoever it he, that is Sufficient to 
hold a Boat or Pejfel againfi a Current oS a known 
Velocity, the Sctme Force or Power would draw it with 
an equal Degree of Velocity in a f ill Water, I mean 
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with the fame Swiftnefs as fuch a Current runs at. In 
confequence of this Proportion I made the following 
Experiment. 

Art. 12. In the Paver Parret at Bridgwater, I pro¬ 
cured a fmalL Veffel about 50 Ton, whofe crofs Se¬ 
ction at the main Breadth was 15 Foot, and being a- 
bout 3 fourths loaden, it funk to the Depth of 6 Foot 
and a half, or drew fo much Water, as ’tis called, not 
including the Keel, fo that the Surface of Refiftance 
might be about 85 Foot. From a Cable fatten’d crofs 
the River, in the Middle of it we had a Line fixed $ 
at the Diftance of about zo or 30 Yards from the Ca¬ 
ble was the Veffel with a Block lafhed to the middle 
part of the Bowfprit, over this Block was brought the 
Line, to which was fatten’d a Scale to receive fuch 
Weight, as we fliould want from a Boat attending un¬ 
derneath to make a Counterpoife againft the Stream. 
Soon after the Tide began to ebb we tried the Experi¬ 
ment, what Weight it would bear, and found it to be 
hardly half a hundred $ after a while we added more 
Weight, as the Tide of ebb ran ftronger, and at 
length it fuftained 325 Pound Averdupo'ize, Weights, 
Scale and all. At the fame time when the Current 
was at that Strength, we threw into the River a round- 
ifh Block of Deal Timber, which we had prepared for 
the Purpofe, about 6 or 7 Inches Diameter, and 10 
Inches long, with a fufficient Quantity of Lead nailed 
to the Bottom of it to make it fwim upright, about 
2 Inches of it appearing above Water 5 and at the 
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fame time we alfo threw in an old Hoop about a Foot 
and a half Diameter, for half a Mile or more they 
kept Pace pretty well together, after that the Block 
happening to come near the Shore, its Motion was 
retarded, and at length it lodged on the Side of the 
Bank ,• but the Hoop all the while went on in very 
good Order, and we attended it whilft it floated along 
a full meafured Mile, which it did in 16 Minutes, as 
we obferved by our Watches: So that the Current ran 
at the rate of a Mile in 26 Minutes, or 2 Mile and 3 
tenths in an Hour. 

Art. 13. This Experiment was made with great Care 
and pretty good Exadtnels, fo that we may adventure 
to deduce Rules for Calculation from it. The firft 
fundamental Propofition will ftand inconteftibly thus; 
That the Force JFieight or Power of 315 Pound will na¬ 
vigate a Ship, whcfe Surface cf Refinance contains 8 y 
fquare Feet, at the rate of 1 Mile in z6 Minutes, or z 
Mile and 3 tenths in an Hour. However, that a fuf- 
ficient Allowance may be made for the Fridtion of the 
Block, the Stiflhefs of the Rope, &c. we will fuppoie, 
that the Ship would have fuipended 15 Pound more, 
viz. in all 340 Pound, which 340 Pound being divid¬ 
ed by 85, the fuperficia! fquare Feet in the Ship’s Se- 
dtion, the Quotient will be 4 Pound to each Foot: 
Then as the Square of the Velocity of 2.3 Miles an 
Hour is to the Square of the Velocity of 2 Miles an 
Hour, fo is 4 Pound to a fourth proportional, which 
by working will be found to be 3 Pound, and a trifle 
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more, which is inconfiderable, after the great Allow¬ 
ance juft now mentioned. Therefore 3 Pound to the 
Foot will be amply fufficient to navigate a Ship after the 
rate of i Miles an Hour, and confequently be admit¬ 
ted as a ftandihg Rule for all future Calculations. 

Thus much may fuffice for an Enquiry, what Force 
and Power is neceflarily required to navigate a Ship in 
a Calm, which I have deduced, partly from the Spe¬ 
culation of rowing the Galleys, and from other Mens 
Writings and Obfervations; but chiefly from feveral 
of mine own Experiments,- by which, I apprehend, I 
am come to a great Degree of Certainty. 

In the next Place then I am to explain my own Me¬ 
thod, which, as I have hinted above, is by forcing 
Water, or fome other Fluid, through the Stern or 
hinder Part of the Ship into the Sea, by a proper En¬ 
gine or Engines placed within the Ship for that Pur- 
pofe. The other Fluids befldes Water that I am to 
make Ufe of for this Purpofe, are Air and Fire, as I 
have declared in the Specification of my Patent. 

Art. 14. I got a Sort of Force Pump fitted in thro5 
the Bottom of a large Cock-Boat, with a Valve on 
the lower End of it opening upwards, fo as to let in 
the Water into the Pump-Barrel from under the Boat, 
and prevent its Return that Wayj a little higher up 
was a Spout about 3 Foot long fixed into the Barrel 
of the Pump horizontally, and the End of it went 
thro5 the Stern of the Boat, about half a Foot under 
Water; the Barrel of the Pump was about j Inches 
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Diameter, and the Bore of the Spout, where it deli¬ 
vered the Water, fomewhat lefs than 2 Inches. 
Th ings being thus prepared, and the Boat in a Mill¬ 
pond River, where there was no Current, the Pump 
was fet to work, and it moved on the Boat after the 
Rate of about a Mile and half an Hour. The Boat 
was loaded, fo as to fink to a Depth, a Section of 
which I computed to be equal to 4 fquare Feet,- the 
Weight upon each Foot, after the Rate of a Mile and 
half an Hour, is one Pound and 6875 *n Decimals, 
or 6 Pound three quarters on the 4 Foot, the Double 
of which is 13 Pound and a half, (the Reafon for 
doubling it will be (een hereafter) which, befides the 
Friction of the Force Pump (which was not a very 
good one) was all the Force required to give it a Mo¬ 
tion of half a League an Hour. 

Some preliminary Suppofittom in order for a Defcription 
of a Pneumatick Engine to navigate a Seventy Gun 
Ship in a Calm. 7 ■ 

Art. 1 y. In the firft Place, let there be fuppoled to 
be prepared two large Chefts which may be called the 
Air Chefts, of thick Deal Plank 12 Fpot Iquare, and 
about 7 or 8 Foot deep, made to the greateft Truth 
and Exadnels, and the Joints all tight and well fecu- 
red, or they may be made of a cylindrical Figure. 
Thefe are to be fuppoled to be fet Side by Side in Ibme 
convenient Place, towards the Stern of the Ship, at 
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fuch an Height, that their Bottoms maybe about 7 or 
8 Foot under the Water-Mark. Each of thefe Air- 
Chefts is to have a Pifton fitted to it, and leather’d 
all round in a good Workman-like Manner. Thele 
Piftons are to be furnilhed each of ’em with 3 or 4 
Brals Valves two Foot diameter, opening into the Ca¬ 
vity of the Chefts, and to be provided with Springs 
to fliut them, as Occafion {hall require. 

Art. 16. Before I defcribe the Method of working 
thele Piftons, it may not be amils to take a Survey of 
the Power and Effect they would have to move a Ship, 
.according to the known Laws of Motion and Rules of 
mechanical Operations, for the prefent taking it for 
granted, that we can find an adequate Power to work 
fuch an Engine. This is a matter of great Impor¬ 
tance, and will delerve to be examined with the ut- 
mod Stridtnels and Impartiality ■, for if I am miftaken 
herein, I muft own it a fundamental Error, and I muft 
come infinitely fhort of what I pretend to. And firft per¬ 
haps it will be objected, that Air being fo light a Body, 
lo tenuious and yielding, as alfo fo Compreflible and 
elaftick, I {hall be able to make little or no Impreflion 
with it againft the Water, which is a Fluid of fo fupe- 
rior a Gravity and Denfity. This indeed looks like an 
Objection to vulgar Apprehenfions j but I hope for 
better Quarter from the Learned and fldlful in Mecha- 
nicks ■, they will agree with me, that an Impulie made 
on a Body of Air in a confined Place will communi¬ 
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cate the fame Degree of Motion to any other Body, 
whether fluid or folid, by a Shove it will give it, a 
fmall Allowance only being made on account of its 
Compreflibility, which is not to be look’d upon to be 
very great neither: For in the Cafe before us, in a Co¬ 
lumn of Air i x Foot fquare, it would require more 
than 30000 Pound Weight to comprefs the Column, 
fo as to fhorten it 3 Inches,- therefore, when a great 
Weight or Force conies upon it, it will not be fqueezed 
together, but it muft go qua data porta, with a Cele¬ 
rity correfpondent to the Weight incumbent, or Force, 
from whence it receives the Impulfe, and the Diame¬ 
ters of the Foramen or Foramina, where it makes its 
El'cape. 

Art. it. If fuch a Column of Air as we are fpeak- 
ing of ix Foot fquare was fuppofed to be carried 
out againft the Sea Water horizontally in its full Di- 
menlions at the Stern nf the Ship; fuppofing, I fay, 
the Make of a Ship would admit of fuch a Thing, in 
fuch cafe the Shove or Impulfe the Air would make a- 
gainft the Water would be equal to the Impreflion it 
received at the Top of the Column by the Pifton ; 
this granted, we will fuppofe farther the Velocity of 
the Motion of the Pifton to be x Yards in 1 Seconds 
in each Cheft, which, added together, would make 
as it were a continued Stream of Air iffuing out with the 
Celerity of x Yards in every Second of Time, which 
is more than 4 Miles an Hour, equal in Weight to 
17x8 Pound and upwards. Now the Refiitances of 
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Fluids to Bodies moving in them being as the Squares 
of their Velocities, half this Power will be expended, 
in Ihoving the Ship forward, or (which is the fame 
Thing) in making its Effort againft the Water afore 
the Ship ; and the other half in fhoving back or 
fpurning againft the Water behind the Ship. We 
may juftly enough compare it to the Explofion of 
Gunpowder in the Barrel of a Cannon, half of whole 
Force is employed in fending forward the Ball, and 
the other half in making the Cannon to recoil; tho’ 
it be not exactly fo, it matters not, it lerves to illu- 
ftrate the Notion; or it is like driving a Wedge, 
which prefles as much on one Side of the Block to 
be cloven, where the Crack or Cleaving is, as on the 
other. According to this Computation, the Ship 
would have the Weight of 864 Pound imprefled on 
it to forward its Motion, which in a 70 Gun Ship, 
whole Surface of Refiftance is 500 fquare Feet, being 
divided by that Sum, the Quotient will be one Pound 
.7 z &c. in Decimals on each Foot, lufficient to navi¬ 
gate fuch a Ship more than half a League an Hour; 
and would require no more than 70 Men to work it, 
(was it poffible to do it in this manner) as will appear 
hereafter. Thus far Things are plain, and we are 
involved in no Obfcurity. 

Art. 18. To render this Engine practicable for 
Navigation, it is neceffary that the Conveyances of the 
Air thro’ the Stern of the Ship into the Sea be lelfened, 
and it would be expedient to have the Air-Chefts al- 
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fo, as much as conveniently may be, diminiftied, that 
they may not be too cumberfome in the Ship. It is 
vifible, that every where I entirely depend on the 
Truth of the Propofition, That the Refinances of Flu¬ 
ids are as the Squares o f the Velocities, I am not ig¬ 
norant however, that it has been difputed; but be¬ 
lieve, tho’ I am not Matter enough of the Mathema- 
ticks to demonftrate it, that it will be allow’d me, that 
it is extreamly near (o, and near enough for Practice, 
which is all I contend for. If the Air-Chefts, or Cy¬ 
linders, if they be made round, or Pump-Barrels, let 
’em be called what any one pleafes, be made no more 
than 7 Foot Diameter, with Piftons fitted to them, 
and their Trunks or Tubes to convey the Air into the 
Sea 2 Foot Iquare, and the Strokes be made as before 
obferved • then will the Stream ifluing from them move 
with a Velocity of 48 Miles an Hour, operating upon 
a Volume of Water 2 Foot Iquare, or pf 4 fquareFeet^ 
the Effedt of it will be, that it will imprefs a Force of 
6912 Pound, which being divided by 500, the fquare 
Feet of Refiftance in a 70 Gun Ship, the Quotient will 
be 1 3 Pound and eight tenths on every Foot, which 
being halved is 6,9, more than fufficient to navigate 
fuch a Ship after the Rate of 3 Mile an Hour, and the 
Number of Men for that Work would be 276. If the 
Square of the Air-Chefts be leffen’d to 5 Foot, and the 
Tubes to convey the Air into the Sea to 18 Inches, 
then will the Stream iffuing from them move with a 
Velocity 44 Miles an Hour, operating upon a Volume 
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of Water 18 Inches fquare, or of 2 fquare Feet and a 
quarter, and the Effedt will be, that it will imprefs a 
Force of 145:2 Pound, which being divided, as above, 
by 500, the Quotient will be 2 Pound and 9 tenths, 
which being halved is 1.45, within a trifle enough to 
navigate fuch a Ship after the rate of half a League an 
Hour, and will require no more than 5 8 Men. Thefe 
two Examples may be fufficient, fince there is an infi¬ 
nite Variety, which any one may try at Plealure. 

The Defcription of a Water Engine to navigate a [mall 
Ship, for Example, about 200 Ton. Such a Veffel at 
the main Beam may meafure about 2 2 Foot, and may 
draw about 11 Foot Witer, not including the Keel. 

Art. 19. For the accomplifhing this Defign, a little 
Portion of the Ship abaft muff be divided off by a ve¬ 
ry ftrong and firm Partition, luch as may be Proof a- 
gainft the Sea. Into this Room, as I may call it, the 
Water may be permitted to come in the Intervals of 
the Strokes of the Pifton, thro’ feveral Inlets or Open¬ 
ings from the Bottom of the Ship by Valves opening 
inwards ,• fo that the Water may come as high in that 
Room, as it is in the Sea without fide the Ship. In this 
Room is to be placed a Cylinder or a Tube of 6 Foot 
fquare, and about 7 Foot long, open at the Bottom, 
with a Pifton fitted to it. The whole Room muft be 
clofeiy fealed down with good ftrong Planks every 
where, except over the Opening of the Tube, where 
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the Pifton works. When the Pifton works, it forces the 
Water in the Room into the Sea thro5 z Tubes, each a 
little more than a Foot fquare, one on each Side of the 
Stern-poft opening into the Sea,where they are to deliver 
their Water ; thefe are to be placed in a level Line pa¬ 
rallel with the Keel, and are to be of a convenient 
Length, they are not to be contiguous to the Cylinder, 
or Pump-Barrel. The Strokes here being but once in 
2 Seconds, the Pifton moves 3 Foot in a Second, which 
is fomewhat more than 1 Mile an Flour, the Water will 
ifTue out thro5 the Tubes into the Sea after the rate of 
\6 Mile an Hour, operating upon a Volume of Water 
18 Inches fquare, or of z fquare Feet and a quarter, 
and the Effedt will be, that it will imprefs a Force equal 
to 7%6 Pound Weight, which being divided by 200, 
the fquare Feet of Refiftance, the Quotient will be 3 
Pound and 9 Tenths, which being halved, is 1.95 
Pound upon each Foot, which is almoft enough to na¬ 
vigate the Ship after the rate of a Mile and 3 Fourths an 
Hour, and requires about 15 or id Men to do it by 
Hand. This alfo may be varied according to the Big- 
nefs of the Ship, and other Circumftances pro re nata. 

Art. 20. Having proceeded thus far in an untrod¬ 
den Path, it will be now incumbent upon me to fhew 
in what Manner the Engines are to be wrought, how 
and by what Powers and Force the Piftons are to be 
moved, in order to communicate a Motion to the Ship, 
&c. The Powers to be made ufe of are either the 
Strength of Men, or the Application of the Fire-En¬ 
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gine, and, upon fome very extraordinary Occafions, the 
Explofion of Gun-powder. The Manner of working the 
Piftons is to be by Wheels and Chains, which is the ve¬ 
ry beft Way of all, being the raoft fimple, and liable to 
the leaft Fridtion of any. Firft then for doing it by 
Hand. The Stroke of the Pifton, as has been noted a- 
bove, being to be about 6 Foot, and the Reach of a 
Man, as he is to fit in a rowing Pofture, being not 
much more than 3 Foot, the Radius, that moves the 
Pifton, muft be double to that by which the Men pull 
at. A very few Men can work the Pifton in any Ship, 
but then if they are few, the Strokes will not be quick 
enough, and the Motion of the Ship very flow; the 
more Hands are employ’d, the quicker the Strokes will 
be, and the Ship will receive the greater Impulle. The 
Men may be ranged along between Decks at a great 
Length, and may work it by means of a long Pole, 
with fmall crofs Bars or Handles to pull by, as will be 
found moft commodious for the Purpofe. There are 
two Piftons in the pneumatick Engine to be wrought 
alternately, of which Mention was made above. This 
is effected by feating one half of the Men with their 
Faces towards the Prow, and the other half towards 
the Stern, and the making uie of two Wheels or Se¬ 
ctors of Circles, which is explained in the Draught, 
Fig. 3. but could be made much more intelligible by a 
Model, than by any Draught or Scheme. The Strokes 
of the Piftons are alternate, as I have faid, fo that be¬ 
tween the two they create a perpetual Stream, incefi 
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fantly pouring forth from io to iyo Miles an Hour, if 
one pleafes (let it not be thought incredible, when Mr. 
Neivjloam’s Engine fpouts Water after the rate of up¬ 
wards of 230 Miles an Hour, as any one, who will be 
at the pains to calculate, may find; and a Bullet out of 
a Cannon moves after the rate of above 430 Mile an 
Hour.) The Refiftance of the Sea Water againft fo ve¬ 
ry rapid a Stream, efpecially becaufe it is thrown out 
at fuch a Diftance under the Surface, is very confider- 
able, as may be calculated by the Rules laid down; and 
tho’ it preffes upon but a fmall Volume of Water, yet 
by its prodigious Celerity an ample Amends is made, 
as it is eafy to compute, and will be made good in Ex¬ 
perience. N.B. A 70 Gun Ship may be about 1000 
Ton, carrying about 430 Men. 

The Manner of applying the Engine for raifing Water 
by Eire to navigate a Ship in a Calm. 

Art. 21. I mull fuppofe my Reader to understand 
the Conftru&ion and Method of working of Engines 
to raife Water by the impellent Force of Fire, as now 
in Practice at York-Buildwgs, and at feveral other Places 
in England for draining Mines: He muft alfo attend 
to the Alteration, I have propofed to make in it, 
Differt. I. Art. j, &c. for when it is modelled after 
the Manner there propofed, it may be put on Board, 
and made ufe of to navigate a Ship; but then the 
Steam-Barrel muft be fet down aim oft upon the Level 
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with the Boiler, which may be done by means of a 
crooked Pipe of Conveyance for the Steam into the 
great Cylinder for the Steam may be made to de- 
Icend as well as afcend into the Cylinder or Steam- 
Barrel. If it was not contrived after this Manner, the 
Leaver or Beam would rile too high in the Ship a- 
bove the Deck. This Inconvenience being thus pre¬ 
vented, let us luppole a Fire-Engine with its Furniture 
(tho’ it is not needful, that it be made to work itfelf) 
iince 4 or 5 Men, there being enough in the Ship, 
can /apply it by Hand) to be placed in a 70 Gun 
Ship, having on board the pneumatick Engine above 
defcribed, with two 7 Foot Cylinders, and their Pi- 
ftons accordingly fitted, &c. Only here it is to be 
oblerved, that the two Piftons are to be made fo as 
to ftrike together, the Fire-Engine being powerful e- 
nough to work both of them at once. The Engine, 
as it is well known, ftrikes about 12 Strokes in a Mi¬ 
nute , one every 5 Seconds, which Stroke in the 
large Engine is computed at about j Ton, fo that 
an Impulfe of a Weight equal to one Ton every 
Second is communicated, half of which goes to¬ 
wards forwarding the Ship (as has been before obler¬ 
ved} that half therefore equal to 1000 Weight being 
divided by 500, the Feet of Refiftance gives in the 
Quote 1 Pound, which is almoft fufficient to navigate 
fuch a Ship after the rate of 1 Mile in 3 quarters of an 
Hour, which, if done by Hand, would require be¬ 
tween 90 and 100 Men; fo that the Engine performs 
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the Work of luch a Number of Hands. The Fire- 
Engine is capable of being well adapted for this Pur- 
pole, becaufe it ftrikes a Stroke of 6 or 7 Foot in 
Length. And I ana perfoaded, that it will perform 
to a greater Degree, than what I here have mention’d, 
on account of the prodigious Celerity of its Strokes, 
although they do not follow one another fo quick, as 
one could wifh: Infomuch, that I think there is no 
manner of Doubt, that if a Couple of’em were apply’d 
to a Ship of 12 or 14 hundred Ton, they would impel 
it at the rate of three Knots an Hour. 

Art. 22. It remains now that I fhould give fome 
Account of what Helps are to be had from the Explo- 
(ion of Gunpowder for the giving Motion to a Ship on 
fome extraordinary Occafions, as in Sea-Engagements, 
in great Dangers of Shipwreck, or the like: But this 
is a Thing of luch a Nature and Confequence, that it 
mull not be publilhed to the World over-haftily, with¬ 
out mature Deliberation, as well as great Caution; for 
I have had fomeDoubtings with myfelf, whether lome 
bad Ufes might not be made of it, to the great Detri¬ 
ment and Prejudice of Mankind. Moreover, there are 
alio fome other Engines, belides what relate to Shipping, 
which, to their great Improvement, may be brought to 
receive Motion from this fame powerful Agent. 
Wherefore, upon the prelent View of Things, I can¬ 
not judge it to be fo convenient at the prelent to un¬ 
fold this great Myftery of theUle of Gunpowder in 
thefe Refpeds, and to explain the Methods of applying 
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it to the various Purpofes it is capable of• but rather 
choofe to relerve it for a future Treadle, if itlhall pleafe 
God to grant me Life and Health to go on with my Ex¬ 
periments, and to perfect my Speculations in that Af¬ 
fair, wherein, when I am upon the Subject of Gunpow¬ 
der, I (hall explain a new Invention of a Piece of Ord¬ 
nance about 4 Foot and a half long, confiding but of 
half the Weight of Metal of a common Cannon, and 
requiring no more than one fixth Part of Gunpowder 
for the Charge, yet will do the fame Execution with 
the other. It is obvious enough at the firft Hearing, 
how advantageous Guns of this Make would be on Ship¬ 
board, and how commodious and portable by Land. 

Art. 23. Now I am difcourfing on Maritime Affairs, 
I hope my kind Reader will be fo good to indulge me 
a little, whilffc I juft mention the Circumftances of an 
Invention (I am in fbme meafire entitled unto) which, 
I believe, has not unto this Day received its full Improve¬ 
ment. In the Year 1716, the laftDay of May, I com¬ 
municated to the Royal Society an Invention of mine, 
which I called the Perpetual Log, or Marine Hodometer, 
fhewing the Way of a Ship by Infpedtion, by an Index 
on a Dial-plate. A Model of which Invention was pro¬ 
duced, and an Account of its Ufe in Writing delivered 
at the fame Time j and received with an Approbation 
of it in Theory by the faid honourable Society; and 
the Model laid up in their Repofitory, and the Writing 
committed to their Regifter, &c. Soon after this, up¬ 
on Application made to the Admiralty, an Order was 
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given by the Commiflioners for its being tried at Sea, 
and in Order thereunto the Machine was performed 
from theaforefaid Model by the famous "bAv.Rowley, and 
was put on Board Capt. Chandler, who failed for the 
Weft-Indies, but he dying in the Voyage, 1 never heard 
any Thing more of the Experiment, until a or 3 Years 
after,- when I was informed, that one Mr. Henry de 
Saumarez, a GuernfeyMan, was reviving it, under the 
Title of the Marine Surveyor; and indeed, as may be 
feen by the feveral Accounts printed in the Tranfadtions 
of the Royal Society, he had taken a great deal of Pains 
in the Thing, and perhaps in fome degree improved 
the firft Contrivance, and I heartily wilh he had lived 
to have brought it to it to its greateft Perfection • all 
that I claim in it is the Invention of it at firft. At the 
fame Time I acquainted the Admiralty, or atleaft fome 
of the honourable Commiflioners, that I knew of a 
Method of finding the Influence of Currents, and Lee¬ 
way of the Ship, without ftirring out of it,- but I do 
not underftand, that now after 14 Years, any Body has 
as yet hit of that Notion. After fo many Pretences, 
there have been offered to the World to fecure Ships 
from the Worm in the W°ft-Indies, perhaps it would be 
efteemed a very great Preemption in me, who am of a 
very oblcure Character, Ihould I fay, I can fo prepare 
Plank for the building of Ships, at a very fmall Ex- 
pence, that the Worm will never touch it: but this at 
the prefent I mention here only as a Problem. 
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Dissertation III. 

A new Method of drying Malt, in fuch a 
manner that no Smoak of the Fuel af 
fe£ls it; and the Beer brew'd therewith 
is render'd more wholefoms and pie afant. 

Art. i.TN the common Way of drying Malt, the 
J_ groft Fumes or Halttus of the Fire pafs 

through the Malt to exhale the Humidity of it; thefe 
Fumes communicate an ill fmoaky Tafte to the Malt, 
different according to the Nature of the Fuel made Ufe 
of in the drying. Hence it is, that the Drinkers of Beer 
brew’d with Coal-dry’d Malt condemn the Wood or 
Straw-dry’d, alledging it has a fmoaky Tafte, gives 
them the Heart-burning, &c. The Drinkers of the 
Wood or Straw-dry’d fay the fame of the Coal-dry’d ,• 
and indeed both of them affirm it with great Truth, 
only Ufe and Cuftom in the Drinkers of each Sort have 
familiarized the Flavour of one and the other to them- 
felves; whereas in Reality all Sorts of it have a fmoaky 
Tafte, more or lefs according to the Kind and Nature 
of the Fuel wherewith it is dried. 

Art. z. To remedy this Inconvenience, and to ren¬ 
der Malt Drink the more pleafant and wholefome; I 
have difcover’d a new Method of drying Malt with any 
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Sort of Fuel whatfoever, after fuch a Manner, that 
no Smoak at all comes at the Malt. 

This is to be done in a very eafy, Ample and natu¬ 
ral Way, viz. By laying the Malt to dry on a Stratum 
of boiling Water, included in a thin flat Boiler, art¬ 
fully placed in a proper Kiln for that Purpole,- fo that 
by the Intervention of the Water between the Fire and 
the Malt, the Malt is dry’d in a very gentle and uni¬ 
form manner, without Danger of being burnt or 
fmoak’d. 

Art. 3. The Experiment I at firft try’d, was as fol¬ 
lows ; I caus’d a Tin Veflel to be made, about 10 
Inches Diameter, and 8 or 9 Inches deep, with a dou¬ 
ble Bottom, as in the Figure A BCD, Fig. 4. The 
Cavity between the two Bottoms being about z Inches 
deep was fill’d with Water at the Top of the Pipe D, 
about z Inches Diameter; and the Veflel being placed 
on a fmall Fire of Wood Coals, the Water was foon 
made to boil and bubble up at the Pipe D ; and a very 
fmall Fire would keep it boiling. Then the Male 
was laid in the Cavity above on the upper Bottom to 
dry, and being laid on 3 Inches thick, it was 1 z Hours 
in drying, and at 4 Inches thick it required 18 Hours. 
With Malt dried in this manner I brew’d fome Beer, 
which was of a fine delicious Flavour, without the 
lead fmoaky Tafte. 

Art. 4. For thePurpofe then; in order to dry large 
Quantities of Malt in this Way, a Kiln may be prepa¬ 
red, as I projected it more than a Year and half fince 
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(and fhould have built it if fbme very great Misfortune 
had not happen’d in my Family) after the following 
manner; fee Fig. j. firft a large Copper, Brafs or Iron 
Bottom muft be made, fuppofe about 6 Foot broad, and 
20 or 25 Foot in Length, or more, according to the 
Largenefs of the Kiln intended, the Sides to be turn’d 
up about 4 or y Inches, in order to have a Floor of 
Tin Plates well folder’d together placed all over it, at 
about 3 Inches Diftance above the Copper Bottom; 
which Floor of Tin Plates may be fupported from the 
faid Copper-Bottom with thin Strips of Wood, or the 
like Contrivance; this Veffel, thus fitly compacted 
together, I call the Boiler, which may conveniently 
enough perhaps be made all of Iron both Top and 
Bottom, as the Salt-Pans are made, or the upper Side, 
where the Malt is to be laid on, may be made of Lead, 
if Lead will not be thought to communicate an Un- 
wholfomnefs to the Malt. This Boiler muft be let in 
a Kiln of Brick-work made to receive it, and the Bot¬ 
tom of it to be 6 or 8 Inches above the Brick Floor. 
The End where the Fire is to be made, muft be laid 
about 2 Foot lower than the upper End, where the Flues 
are to carry off the Smoak of the Fire, and Fumes of 
the W ater. 

Art. 5. The Boiler thus placed muft be fill’d with 
Water at the upper End, where it muft be turn’d up 
about a Foot high, and left open for difcharging the 
Fumes occafion’d by the boiling of the Water; and 
the Supply of Water to anfwer that Evaporation, may 
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be furnilh’d by a Pipe near the 
'ire-place, where the Heat may be 

luppofed to be the ftrongeft. 
The Malt is to be laid on this Boiler about 4 In- 

ches thick, which will contain (the Dimensions being 
as before Ipoken) about 20 or 25 Bulhels. It muft 
be turn’d pretty often, as is ufiially done in other Ways 
of Drying; and it will be dry’d in about 18 Hours. 

Art. 6. By all the Experiments I have been hither¬ 
to able to make, I do not find that this Method will 
take more Fuel, or require longer Time for the dry¬ 
ing, than the common Way: And any fort of Coals, 
Turff or Peat, Furze, Hearth, Straw, or any other 
combuftible Matter whatfbever, that will but heat Wa¬ 
ter, may be ufed to as good Purpofe as chared-Coals, 
or the fined and choice#; cleft Wood. 
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