
www.e-rara.ch

Reports of the late John Smeaton

Smeaton, John

London, 1812

ETH-Bibliothek Zürich

Shelf Mark: Rar 9454

Persistent Link: https://doi.org/10.3931/e-rara-48302

Kinnaird engine.

www.e-rara.ch
Die Plattform e-rara.ch macht die in Schweizer Bibliotheken vorhandenen Drucke online verfügbar. Das Spektrum reicht von
Büchern über Karten bis zu illustrierten Materialien – von den Anfängen des Buchdrucks bis ins 20. Jahrhundert.

e-rara.ch provides online access to rare books available in Swiss libraries. The holdings extend from books and maps to illustrated
material – from the beginnings of printing to the 20th century.

e-rara.ch met en ligne des reproductions numériques d’imprimés conservés dans les bibliothèques de Suisse. L’éventail va des livres
aux documents iconographiques en passant par les cartes – des débuts de l’imprimerie jusqu’au 20e siècle.

e-rara.ch mette a disposizione in rete le edizioni antiche conservate nelle biblioteche svizzere. La collezione comprende libri, carte
geografiche e materiale illustrato che risalgono agli inizi della tipografia fino ad arrivare al XX secolo.

Nutzungsbedingungen Dieses Digitalisat kann kostenfrei heruntergeladen werden. Die Lizenzierungsart und die
Nutzungsbedingungen sind individuell zu jedem Dokument in den Titelinformationen angegeben. Für weitere Informationen siehe
auch [Link]

Terms of Use This digital copy can be downloaded free of charge. The type of licensing and the terms of use are indicated in the
title information for each document individually. For further information please refer to the terms of use on [Link]

Conditions d'utilisation Ce document numérique peut être téléchargé gratuitement. Son statut juridique et ses conditions
d'utilisation sont précisés dans sa notice détaillée. Pour de plus amples informations, voir [Link]

Condizioni di utilizzo Questo documento può essere scaricato gratuitamente. Il tipo di licenza e le condizioni di utilizzo sono
indicate nella notizia bibliografica del singolo documento. Per ulteriori informazioni vedi anche [Link]

https://doi.org/10.3931/e-rara-48302
https://www.e-rara.ch
https://www.e-rara.ch/wiki/termsOfUse?lang=de
https://www.e-rara.ch/wiki/termsOfUse?lang=en
https://www.e-rara.ch/wiki/termsOfUse?lang=fr
https://www.e-rara.ch/wiki/termsOfUse?lang=it


[ -334 J

KINNAIRD ENGINE.

'The REPORT of John Smeaton , engineer , upon the powers and improve¬

ments of the engine of Kinnaird , &c.

HAVING received the following propofitions or meffage, from the Carron Company*

I proceeded to an examination of the premifes . .The meffage is as follows:

After Mr . Smeaton has, viewed the prefent engine, with the fltuation of the houfe,

and confidered any other fails he may think necefiary to be informed of, the . company

wilb to be advifed which of the following modes they fhould purfue , in order to

be fully able to command the water, and fulfil their contract and after-agreement,
with Mr . Bruce.

i ft. Would Mr . Smeaton advife the increafing the powers of .the prefent engine , and

, to fink it to the Cox -road coal, and run another back mine ?
* ■ j

2dly . Would he advife the prefent engine to ftand where it is, and ereit aTmall addi¬

tional engine upon No . io . pit ? and if that could be done, and leave room iin the pit,

(which is nine feet diameter ), to draw the coal, and fave the expenfeof finking another

pit ?

3dly . Or would Mr . Smeaton advife the erecting a new engine upon No . 10. pit,

(or elfewhere, of Sufficient powers to draw all the water from the depth of fifty

;fathoms ? .

N . B. The bore of the prefent lift is 1:4^ inches, and it was imagined it would

require another bore of eight or nine inches to command the wateri

Having , ;in confequence of the above , examined the premifes , and made my ownob-
fervations, and having alfo read a printed trail , entitled , " Memorial for the Carron

Company , 23d Jan . 1777, ” and confidered the plan thereto annexed, my opinion upon
the different articles is as follows:

Anfwer to the iff. —Inperufing the printed paper , I find there has been much alter¬

cation , whether the engine that has beep eredled at Kinnaird , either in its former ftate,
with
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with a cylinder of 52^ inches, or as at prefent, with a cylinder of fixty-two inches, was ->
or was not of fufficient power to draw water from the depths required ; now, as it may

give fome light into the whole of the matter before me, to clear this point , I will endea- -
vour todo it before I proceed further . ,

I do not find that , in all the various reafonings about the power of till's engine , regard 5
has been-had to any other circumftances than the diameter of the cylinder , and the dia¬
meter and perpendicular height -of the pumps thereto annexed, fo as to calculate what
neat burthen is laid upon each fquare inch of the cylinder or pifton ’s area, without
paying any regard to the velocity of the engine ’s motion under fuch burthen , that is to
fay, to the number of ftrokes made per minute , and length of the ftroke , without which
it is impoffible to calculate the quantity of water drawn to a given height , and without
which all reafoning about the effect of the power of an engine , is like attempting to
afcertain the capacity or content of a folid, by having only two dimenfions.

In the courfe of my observations upon fire engines, througha Confiderable feries of
years, I have found engines calculated to carry a load, varying from under 5 lbs. to
upwards of iolbs . to the fquare inch, thofe carrying a light burthen are expecfted to ■>
go with greater velocity than thofe carrying a heavy one ; fo that *if an engine, carry¬
ing 5 lbs. to the inch, goes with double the velocity , or, as I call it, makes twice the
journey per minute , to what is made by an engine whofe cylinder is of equal area that
carries iolbs . the effe&s of the power or bufinefs done will be equal , that is, the water
actually raifed from an equal depth will be equal . In the fire-engine, however , as in
other machines, there is a maximum that withbut new principles of power cannot be

exceeded j bad proportions of the parts , and bad workmanfhip , may make an engine
fall Ihort in any degree of what it Ihould do 5 but which cannot be exceeded by the molt
accomplifhed artifts.

Experience has, however , in fome degree , directed difcerning artifts towards a me- ~
dium , as to the burthen an engine fhould carry upon the fquare inch. The original
patentees , from fome of their firft performances , laid it down as a rule 'to load the
pilton , fo as but little to exceed 8 lbs. to the inch ; but, on more experience , they
diminifhcd that load, and amongftthe bell articles of late  years the practice *has been to

give them at or about 7 lbs. to the inch . Any of thefe will do, if the parts are pro¬
perly proportioned , but , from a long courfe of very laborious experiments , I have fixed

my fcale near upon , but fomewhat under 8 lbs. to the inch, including the railing the •
inje&ioft ' i
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inje&ion water, which is a circumftance never brought into the queftion in the feveraJ
computations mentioned concerning Kinnaird engine.

A pump 4^ feet below the pavement of the Cox road coal appears to be
104 yards below the delivery drift of the engine pit , which, to allow for one
or more cifterns , call 106 yards ; now, ..according to my fcale, an engine
of fixty-two inches cylinder , will work a pump 106 yards,in height , of near upon
14I inches, the , prefent pump being but 14 -̂ inches, will, .therefore , be under the
proper load. An . engine , alfo fo loaded will go 10^ ftrokes per minute of eight feet
two inches each, that is, it will make a journey of 83^ feet  per minute ; .whereas the
prefent engine , in the condition <J found .it ;the 2d September laft, was going- ii -J.
ftrokes .per minute , of fix feet -each, and then taking down its water, there being near
twelve fathom water in the pit , occalioned by a preceding ftoppage to put in a new
let of larger pumps for the ground column : now, though ' it made ii|  ftrokes per
minute , yet they being only of fix feet each, its journey was no more than 67^ feet
per minute , which is lefs than 83^ by pear upon ,one-fourth part of the prefent per¬
formance ; and as the upper tier of pumps was no more than fourteen inches, ,we may
fafely lay it down, that the effects of the prefent engine may be improved without
augmenting the" powers , in the fenfe I apprehend is meant by the queftion ( that is, by
putting in a larger cylinder and pumps in the proportion of four to five), that is, by
one full fourth .of the prefent performance , and yet take the water from the pavement
of the Cox road coal. This fuppofes alfo, that all the water is let down to .the bottom
of the Cox road coal, and then drawn up again, whereas the water being detained at its
prefent random of the engine pump foot, it is probable , that admail bore would draw
the water from the Cox road coal ; -and alfo;in running a back mine underneath the
former to the verge of the -boundary of the eftate, which is .all I .apprehend can be
expefted from the company in literal performance of their after-contradl , as they
cannot be required to find the main coal within the boundary of the eftate, unlefs
it were there ; and -if . the company have nothing further in .view than the literal ac-
compliftiment of their contradt , this feems not only to be the,beft , but the only way
by which it can be done. ;

In comparing the .performance of an engine of fixty-two inches cylinder, fuch as I
have ftated it when. imprqyed , with what it performs at prefent , or probably ever has
done , it may poffibly be inferred , that the engine at Kinnaird has always been defective
in.conftru &ion, fize, or ftrength , .to wbat .it ought to have been in conformity to the
leafe.; but here I muft remark , that if it was not defective in any of thofe refpedts,

according
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according to what was deemed the belt mode of practice at the time it was
erected , it could not be incumbent on the company to perform what was then
not known , as no one coujd , or can forefee what improvements in thefe machines could,
or actually have been made ; and as I date the improvements mentioned when brought
into the field to fo late a date as the beginning of the year 1774 , this is long poftc-
rior to the erc&ion of this engine.

Kinnaird engine appears from the firft intended to work a fourteen inch pump , which
is a larger fize than has been commonly calculated upon , to wier a coal whofe quantity
of water was .unknown : twelve inches in this cafe has generally been deemed fufficient.

A -cylinder of "5 2i inches to work a pump of eighty yards in height , which appears
to be fufficient for winning the main coal at the place where the engine now ftands, and of
fourteen inches bore, would lay no more , including injection water, than7-̂ lbs . per fquare
inch upon the piftons , which is very nearly what I have fince proved 1 by experiments to
be the bell ; and if a 52 ^ inch cylinder were fitted to this -work , as we may well fuppofc
in the interval between Martinmas , 1760 , when the leafe commenced , and the j 1ft of
December , twelve months following , when the vifitors ordered the company to go
down to the Cox road coal , and there run a level mine to cut the main coal to
the dip j I fay, if in the fpace of thirteen months , a 52^ inch cylinder were fitted to
this work , it was very natural, and I look upon it at the time advifeable , to try how far
they could go with this cylinder , fince no one canifay with certainty what is in the
bowels of the earth, either of ftrata or water , till they are pierced ; and the rather,
becaufe if they then had in profped , what I am informed was really the cafe, that they
fiiould take in a confiderable feeder at the middle of the pit to the cittern of the upper
column of pumps , then they had a probable chance to go down with a pump of lefs
fize to the pavement of the Cox road coal ; and a lefs pump was actually put in, and
there continued till the new pump was put in ( as I am informed ) the laft fummer.
Now , if the upper column of pumps were fourteen inches , and a .lower column of
thirteen inches - had been found fufficient to have drawn the water from the Cox ' road
coal , thefe would 'have :laid no more burthen upon the pifton than 94- lbs . upon the
inch, which is yet confiderably under the limits of the burthen, which before that time I
had feen in ufe, and at-that time , fo far as I know , no man had proved what was beft
It was, however , then commonly known , that the engine under this load would go
flower than if the burthen were lighter j but f6r ought that then appeared , or was known,
it might be expe &ed to draw<more water than the fame cylinder would have done, .if
fitted with twelve - inch pumps , which , from the Cox road coal , including injection , would
have laid no more upon it than 7XV to the inch and which , as already obfcrvtd , fpe-

2 \ Vol . IL X x eulatively
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culatively confidered , might be deemed at this time an advifeable power to attempt the
winning of a colliery whofe quantity of water is not known ; and had the ftrata laid as
fuppofed in the after-agreement of the 31ft December , 1761, the work done accord¬
ingly , and the water grown eafier, by continuance of working , as frequently proves to
be the cafe, then there had been no reafon of complaint of the infufficiency of the
engine.

It happened that in the year J769 , curiofity and obfervation (being in thefe parts)
led me to take a view of Kinnaird engine, which was then working with the fifty-two
and a half inch cylinder ; the minutes of this view are now before me, and it appears
to me that this engine was doing as much work in proportion to its fize. of cylinder,
as the generality of engines at that time did, of which I examined a good many, being
then preparing for my own experiments.

This engine, 'however , as I underftand , by unloofing more water, was afterwards
overpowered , and the Carron company did then what is ufuall.y,done in the cafe, put
in a larger cylinder , increafing it from fifty-two and a half to fixty -two ; the pump
being too great a load for the Smaller cylinder , remaining as before ; the effect of which
alteration would doubtlefs be by diminifhing the load upon each inch of the pifton ’s
area , to increafe the velocity of the motion , and thereby with the fame pumps to draw

more water ; and which water having fince again increafed , the fixty-two inch cy¬
linder is now in want of .a further increafe, or of .improvements that may be tantamount-
It , however , may now be made a queftion, whether the building was originally made
fo as to be likely to be ftrong enough for fuch an increafe of power , becaufe, if it was
not , the Carron company muft be allowed to be blameable otherwile , in building an

engine incapable of a greater power than that originally defigned, when it frequently
happens that an increafe of power in thefe cafes is wanted.

In this refpeft , as I find the beam wall above five feet thick , and the other walls pro¬
portionable , I conclude it built with intention, if occafion required , to receive a greater
cylinder than the original one of fifty- two and a half inehes j its dimenfions are fully

fufficient for a cylinder of the fize put in, and of fuppofition of the foundation being
good , I ftiould not fcruple to put in a cylinder of feventy inches j a confiderable
Settlement has however happened in the beam wall diredfcly under the working beam,
fince the putting up of the fixty-two inch cylinder ; the -queftion is therefore , whether
this fett has happened through want of dimenfions , or infufficiency of the work, or
from  fome other caufe ? .r ■
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As' I am informed, fome feet under the beam wall there is a ftrafum of fand which,

though fufficiently compaft to bear weight, will not bear,the lead: oozing of water, if

it can get loofe, as is commonly the cafe : this ftratum I undcrftand was funk through

in finking the little ftaple pit for the injection pump ; now, in wet leafons, a very irnall

drainage of water from this ltratum of fand into the ftapie pit will bring pai tides of

fand along with it, and by continuance of the fame for years, chough almoft imper¬

ceptible in a fmall fpace, is very capable of producing the effect now feen, and though

it is probable that this would have appeared before this time , though the fifty-two and

a half cylinder had remained , yet the greater the agitation caufed by the larger cylinder,

and perhaps wet feafons co-operating therewith , may of late have brought on this ap¬

pearance in a greater degree ; and it is an argument of the folidity wherewith the

walls of this building have been raifed, that the fettlement is perpendicular , being in

the middle under the beam, and near the ftaple pit , while the fide walls at a greater

diftance, and lefs prefled , (land where they were built.

The propereft way to put a flop to this evil, which, from the nature of it, above de~

feribed , mu ft be growing , will be to put into the ftaple a cradle or tub , clofe boarded,

fo as nearly to fhut up the water , but effcflually the particles of fand ifiuing from this

ftr3tum , and if need be to continue the boarding or fheeting on the fide next the engine

of the main pit . This effeftually done, the fettlement will go no further , but if it-

be not, recourfe muft be had to buttrefles to difeharge the weight and aflion of the

beam fideways, which buttrefles had beft be founded near the lurface, and if need be, -,

fupported by piles driven thereunder j it is impracticable to rebuilt the beam wall in

a going engine, otherwife , if time would permit , an arch might be caft over the fpace-

liable to fettle.

Furthermore , as it appears that the plan of the engine is fuch as to be capable of

having as many boilers, and of as large fize as in event might be wanted ; in this re-

fpeft alfo it is adapted to an enlargement of the powers , and though it is by no means

fuch a conftrudtion as I fhould now recommend , yet at the time of the erection , things-

appear to have been done and difpofed in fuch a method , as was moft generally approved ;

in fhort , though the Carron company do not feem to have been fparing in the execu¬

tion of fuch things as from time to time have appeared for the beft, yet they feem tothave

been particularly unfortunate in receding from the firft propofed flotation of the engine;

for had they perfevered in getting through the firft difficulties of- that flotation, every

thing after would have become eafy, and many heavy expenfes , and many difappoint-
ments
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ments avoided . Having now difpatched the immediate fubjeft of the firfl queftion, as

well as what naturally arofe out of it, I proceed to confider the fubfequent.

In anfwer to the 2d and 3d queftions , which I fhall take together , becaufe they both

of them feem to imply the giving up any idea of a fpecific literal performance of the

after-agreement of the 29th of December , 1761, in refpeft to the finking of the Cox
road coal, &c. and to put the matter from what has turned , upon what is belt now to be
done, in order to win out of the Kinnaird eftate as much coal as can be got out of the
main coal, and fuch of the upper feams as it may feem eligible to get.

It is now >ftated to me, that the pavement of the coal, at the pit No . 10, lies ten

feet below the foot of the prefent engine pump ; it appears therefore neceflary in order

to get the coal there, to ereft an engine of fome kind at the pit No . 10, and the queftion
is, whether a fmall engine, with pumps of eight or nine inches, to draw fuch quan¬
tities of water as cannot be commanded , in point of level, by the prefent engine, or

'at once to ereft an engine of fuch conftruftion , power , and fize, as fhall command the

water of the whole field at that place ? and I cannot hefitate in faying, that I look upon
it to be the ultimate intereft of the company , under the circumftance of waiving all other

agreements , to build a new engine at pit No . 10, that (hall at once be likely to com¬
mand the water of the whole field.

To begin a work with fuch a power as is generally found to be competent , though
from unforefeen accidents it afterwards proves to be otherwife , this muft be looked
■upon among the number of uncertainties that attend thefe affairs ; but now that the
field is in a great meafure explored , and the quantity of water inveftigated , to ere 61  any
thing that has not the probability of being fully competent , would be unpardonable.
It is ftated that a nine-inch bore may be wanted in aid of the prefent engine : to work

-this with proper effeft at No . 10 pit , will require a thirty -feven or thirty -eight inch
cylinder to be erefted new, with a houfe, and all its furniture ^ but to do this work,

and all that I found doing at the prefenc engine will be done by a fixty-five inch cy¬

linder , properly eonftrufted at No . 10 pit ; yet to provide for all contingencies that can
reafonably be expefted , I would advife the company to put on an engine of die firft
rate, viz . an engine of feventy -two inches cylinder, which will work pumps of feventeen
inches bore, and draw one-fifth more water than the laft-mentioned engine, and in cafe

there fhould be no increafe of water beyond the prefent , will do its bufinefs in lefs
than fifteen hours per day : the great advantage of having time to fjpare is well
known.

Much
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Much in cafes of this kind depends upon the eftimates of expenfes, but to make an.
accurate eftimate of two fire engines would of itfelf take much time , and when done,
the balance of the account would be involved in the uncertainty that would attend the

alterity , and putting the prefent engine into a good and durable way of performing its

duty . I rauft therefore , at prefent , content myfelf with fuch opinion as to expenfes,
as arifes from a general view of the fubjeft , and in this way I cannot think that the

company can pofiibly , in the firft inftance, fave <£ 500 by ere&ing a fmall engine upon
pit No . 10, rather than the large one recommended , to fet againft which difference,
they will firft have the materials of the prefent engine , idly . They will fave confider-

ably in engine keepers , for the prefent engine will require the fame number as at pre¬
fent, with an additional number for the hew engine, whereas, an engine upon my plan
of feventy -two inches cylinder , will confume no more coals than the prelent engine
requires per hour , when there is ftandage for the water, it will be worked by fingle
lhifts . 3d. The whole of the coals confirmed by a leffer engine will, for the fame

reafon, be faved. 4th . Which is moft .material , as the prefent bufinefs will be done
under fifteen hours per day, there will be more allowance for additional water, and con-

fequently more certainty in carrying the works regularly on.

I have only now to add, drat a fett of feventeen-inch pumps , in three lifts, may
ftand in a pit of nine feet diameter , and after brattilhing them off entirely , leave fiyp
feet of the pit’s diameter clear, for drawing coals. 'rn-

li‘ y 1 ' J . Smeaton.
Austhorpe, 9th Oftober, 1779. ' r'
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