CHAPTER

V.

THE .JfODERN STEAAf-ENGINE.

\

"VOILA Ja plus merveilleusc de toutes Jes :Machines; le JI6canis1nc res
semble a celui des anilnaux. La chalcur est le principe de son mouvement;
il sc fait dans scs differens tuyaux une circulation, cotnme cello du sang
du.ns les vcines, ayant des valvulcs qui s'ouvrent ct se ferment a propos;
elles sc nourrit, s1evacue d'elle 1n1JmC dans les temps regles, ct tire.de son tra
vail tout ce qu'il lui faut pour subsistc1·. Cettc Machine a pl'is sa nais
sance en AnglcteL·re, et toutes Jes Ma.chines a feu qu'on a construitcs aillcurs
quc dans la Grande Bretagne out ete cxccutees pat· des .Anglais."-BELIDOR.
THE SECOND PERIOD OF ArPLICATION-18OO-185O (coN
TINUED).

THE STEAM-ENGINE APPLIED TO SHIP-PRO

PULSION.

most obviously important and most inconceiv
ably fruitful of all the applications
of steam ,vhich marked
•
the period we are now studying, is that of the steam-engine to the propulsion of vessels. This direction of applica
tion has been that ,vhich has, from the earliest period in
the history of the steam-engine, attracted the attention of
the political economist and the historian, as ,veil as the
mechanician, whenever a ne,v improvement, or the revival
of an old device, has awakened a faint conception of the
possibilities attendant upon the introduction of a machine
capable of making so great a force available../fhe realiza
tion of tho ·,hopes, the prophecies, and the aspirations of
earlier times, in the modern marine steam-engine, may be
justly regarded as the greatest of all the triumphs of me
chanical engineering. Although, as has already been stated,
A:r.16NG the

•
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attempts ,vere made at a very early period to effect this
application of st�am-power, they were not· successful, and
the steamship is a product of the present century. No
such attempts were commercially successful until after the
time of Newcomen and Watt, and at the commencement of
the nineteenth century. It is, indeed, but a few years since
the passage across the Atlantic ,vas frequently made in
sailing-vessels, and the dangers, the discomforts, and the
irregularities of their trips were 1nost serious. No,v, hardly
a day passes that does not see several large and powerful
steamers leaving the ports of New York and Liverpool to
make the same voyages, and their passages are made ,vith
such regularity and safety, that travelers can anticipate with_
confidence the time · of their arrival at the termination of
their voyage to a day, and can c1·oss with �afety and with
comparative comfort even amid the storms of ,vinter. .Yet all
that ,vento-day see of the extent and the efficiency of steam
navigation has been the ,vork of the present century, and it
may ,vell excite our wonder and our admiration.
The history of this development of the use of steam
power illustrates most perfectly that process of growth of
this invention whicl1 has been already referred to ; and ·
we can here trace it, step by step, from the earliest and
rudest devices up to those most recent and most perfect de
signs ,vhich represent the most successful existing types of
the heat-engine-,vhether considered witl1 reference to its·
design - and construction, or as the highest application of
kno,vn scientific principles-that have yet been seen in even
the present advanced state of the mechanic arts.
The paddle-wheel was used as a substitute for oars at a
very early date., and a description of paddle-wheels applied _
to vessels, curiously illustrated by a large ,vood-cut, may be
found in the work of Fammelli, a De l'artificioses machines,"
published in old French in 1588. Clark• quotes from
1 " Steam

and the Stca1n-Enginc."
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rhich reads
Ogilby's edition of the "Odyssey" a stanza "n
like a prophecy, and almost awake.ns a belief that the
great poet had a knowledge of steam-.vessels in those early· ·
times-a thousand years before the Christian era. rrhe
· prince thus addresses Ulysses :

" '\Ve use nor IIelm nor Ilelms-man. Our tall ships
Have Souls, and plow with Reason up the deeps ;
All cities, Countries know, and where they lisi,
Through billows glide, veiled in obscuring Mist;
Nor fear they Rocks, nor Dangers on the way."

Pope's tra�slation 1 furnishes the following 1·endering of
Homer's prophecy :
" So shalt thou instant reach the reahn assigned,
In wondrous ships, self-1noved, instinct with mind ;

*

*

*

*

Thoi1gh clouds and darkness veil the ehcu1nbered �ky,
}'earless, through darkness and tht•ough clouds they fly.
Though tenlpcsts rage, though rolls the swelling main,
The seas may roll, the tempests swell in vain;
E'en the stern god that o'er the waves presides,
Safe as they pass and safe repass the tide,
With fury burns ; while, careless, they convey
Promi�cuous every guest to every bny."
\ .

It is stated that the Roman army under Claudius Cau
dex ,vas taken across to Sicily in boats propelled by paddle,
wheels turned by oxen. Vulturius gives pictures of such
vessels.
This application of the force of steam ,vas very possibly
anticipated 600 years ago by Roger Bacon, the learned
Franciscan monk, ,vho, in an age of ignorance and intel�
lectual torpor, ,vi·ote :
" I will no,v mention some wonderful ,vorks of art and
nature, in ,vhich there is nothing of magic, and which magic
1

''Odyssey," Bo.ok VIII., p. 1'715.
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could not perform. Instruments may be made by ,vhich
the largest ships, with only one man guiding them, will be
carried with greater velocity than if they were full of sail
ors," etc., etc.
Dar,vin's poetical prophecy was published long years
before Watt's engine rendered its partial fulfillment a pos
sibility ; and thus, for many years before even the first
·
promising effort had been made,nthe
minds of the more in
telligent had been prepared to appreciate. the invention
when it should finally be brought for,vard.
The ea�·liest attempt to propel a vessel by steam is
claimed by Spanish authorities, as has been stated, to have
been made by Blasco de Garay, in the harbor of Barcelona,
Spain, in 1543. The record, claimed as having been ex
tracted from the Spanish archives at Simancas, states the
vessel to have been of 200 tons burden, and to have been
moved by paddle-wheelsn; and it is added that the specta
tors saw, although not allo,ved closely to inspect the appa1·atus, that one part of it ,vas a " vessel of boiling ,vater" ;
and it is also stated that objection ,vas made to the use of
this part of the machine, because of the danger of explosion.
The account seems so�ewhatn.apocryphal, and it certain
ly led to no useful results.
In an anonymous English pamphlet, published in 1651,
which is supposed by Stuart to have been ,vritten by the
Marquis of Worcester, an indefinite reference to what may
probably have been the steam-engine is made, and it is
there stated to be capable of success£ul application to propelling boats.
In 1�90, Papin proposed to use his piston-engine to
drive padd]e:wheels to propel vessels ; and in 1707 he ap
plied tl1e steam-engine, which he hadn·proposed as a pump- ·
ing;.engine, to driving a model boat on the Fulda at Cassel.
In this trial he used the arrangement of which a sketch has
been shown, his pumping-engine forcing up water to turn a
water�,vheel, which, in turn, ,vas made to driye the paddles.

225

STEAM-NAVIGATION.

An account of his experiments is to be found in manuscript
in the correspondence bet,veen Leibnitz and Papin, pre
se1·ved in the Royal Library at I-Ianover. Professor Joy
found there the following letter : 1
"Dionysius Papin, Councillor and Physician to bis Royal Highness the
Elector of Cassel, a.lso P1·ofessor of : Mathematics at Ma1·burg, is about to
dispatch a vessel of singular const1·uction down the river ,vescr to Bremen.
.As he learns that all ships coming from Cassel, or any point on the Fulda,
a1·e not pcr1nittcd to enter the ,vcser, but arc required to unload at �fiin
den, and as he anticipates some difficulty, although those vessels have a dif
ferent object, his own not being intended for freight, he begs most humbly
that a gracious order be granted that his ship n1ay be allowed to pass un
molested through the Electoral domain; which petition I 1nost humbly supG. '\V. LEIIJNITZ.
port.
"HANOVER, July 18,

1707."

This letter was returned to Leibnitz, with the follo,ving
indorsement :
"The Electoral Councillors have found serious obstacles in the way of
granting the above petition, and, without giving their reasons, have directed
me to inform you of their decision, and that, in consequence, the request is
not granted by his Electoral Highness.
H. REICHE.
"HANOVER1

,Fuly 25, 1707."

•

This failure of Papin's petition was the death-blo,v to
his effort to establish steam-navigation. A mob of boat
men, who thought they sa"r in the embryo steamship the·
ruin of their business, attacked the vessel at night, and ut
terly destroyed it. Papin narro,vly escaped ,vith his life,
and fled to England.
In the year 1736, Jonathan Hulls took out an English
paten� for the use of a steam-engine for ship-propulsion,
proposing to employ his steamboat in to,ving. In -1737 he
published a ,veil-written pamphlet, describing this appa
ratus, which is shown in Fig. 66, a reduced fac-simile of
the plate accompanying his paper.
1

Scientific American, February 24, 18'1'1.

',
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He proposed using the Ne,vcomen engine, fitted with a
counterpoise-,veight and a syste1n of ropes and grooved
wheels, which, by a peculiar ratchet-like action, gave a con-

tinuous ,.rotary motion. His vessel was to have been used
as a to,v-boat. He says, in his description : "In some con
venient part of the Tow-boat there is placed a Vessel about
two-3rds full of water, with tl1e Top closed ; and- this Ves
sel being kept Boiling, rarifies the Water into a Steam, this
Steam being convey'd thro' a large pipe into a cylindrical
Vessel, and there condensed, makes a Vacuum, which causes
the ,veigl1t of the atmosphere to press do,vn on this Vessel,
and, so presses do,vn a Piston that is fitted into this Cylin
drical Vessel, in the same · manner as in Mr. Ne,vcomen's
Engine, ,vith · ,vhicl1 ·he raises Water by Fire.
"P,. the Pipe coming from the Furnace to the Cylinder.:
Q, the Cylinder ,vherein the steam is condensed. R, the
Valve that stops the Steam from coming into the Cylinder,
,vhilst the Steam within the same is condensed. S, the
Pipe to convey the condensing Water into the Cylinder.
1� a cock to let in the condensing vVater when the Cy linde1�
is full of Steam and the Valve, P, is shut. U, a Rope fixed
to the Piston that slides up and do,vn in the Cylinder.
"Note. This Rope, U, is the same Rope that goes round
the ,vheel, .D, in the machine."
I� the large division of his plate, A is the chimney ; B
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is _ the tow-boatn; 0 0 is . the frame carrying the enginen;
.D a, D, and .D b are three wheels carrying the ropes M,
.ll'b, and Fa,· M being the rope U of his smaller figure, 30.
II a and H b are two wheels on the paddle-shafts, I I, ar- .
1·anged ,vith pawls so that the paddle-,vheel, I I, always
turns the same ,vay, though the wheels Ha and Hb are
given a recip1·ocating motion ; F b is a rope connecting
the ,vheels in the vessel, .Db, ,vith the ,vheels at the ste1·n.
Hulls saysn:
""\iVhen the Weight, G, is so raised, while the wheels
.D a, .D, and .D b are moving backward, the Rope Fa gives
way, and the Power of the vVeight, G, brings the Wheel
Ha for,vard, and the Fans with it, so that the Fans al,vays
keep going forward, not,vithstanding the Wheels · D a, .D,
and .D b move back,vard and forward as the Piston moves
up and down in the Cy�inder. L L are Teeth for a Catch
to d1·op in from the Axis, and are so contrived that they
catch in an alternate manner, to cause the Fan to move
always forward, for the Wheel Ha, by the po,ver of the
weight, G, is performing his Office while the other wheel,
Hb, goes back: in order to fetch another stroke.
" Note. The ,veight, G, must contain but half the ,veight
of the Pillar of Air pressing on the Piston, because the
,veight, G, is raised at the same time as the Wheel Hb per
·
so that it is in effect t,vo Machines acting
forms its office,
alternately, by the ,veight of one Pillar of Air, of such a
Diameter as the Diameter of the Cylinder is."
The inventor suggests the use of timber guards to pro
tect the wheels from injury, and, in shallow water, the at
tachment to the paddle-shafts of cranks "to str�ke a Shaft
to the Bottom of the River, which will di•ive 'the Vessel
forward with the greater Force." He concludesn: "Thus I
have endeavoured to give a clear and satisfactory Account
of my New-in'vented 1\-'Iachine, for carrying Vessels out of
. and into any Port, Harbour, or River, against Wind and
Tide, or in a Calm ; and I doubt not but whoever shall
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give l1imself the Trouble to peruse this Essay, will be so
candid as to excuse or overlook any Imperfections in the
diction or manner of writing, considering the Hand it comes
from, if ,vha.t I have .in1agined may only appear as plain to
others as it has done to ·nme, viz., That the Scheme I now
offer is Practicable, and if encouraged ,vill b� Useful."
There is no positive evidence that I-lulls ever put his
scheme to then.test of experiment, although tradition does
say that he made a model, which he tried with such ill suc
cess as to prevent his prosecution ofn.the experhnent fur
thern; and doggerel rhymes are still extant which ,vere sung
by his neighbors in derision of his folly, as they considered it.
A prize was a,vardcd by the Frencl1 Academy of Sci
ences, in 17li�, for the best essay on the manner of impel
ling· vessels ,vithout ,vind. It ,vas given to Bernouilli, ,vho,
in his paper, proposed a set of vanes like those of a ,vind..
mill· a scre,v, in fact-one to · be placed on each side the
vessel, and t,vo more behind. For a vessel of 100 tons, he
proposed a shaft ·14 feet long and 2 inches in diameter, car
rying " eight wheels, for acting on . the ,vatcr, to each of
which it"n.(the shaft) " is perpendicular, and forms
an axi�
'
for them all ; the ,vhee1s should be at equal distances from
each otl1er. Each ,vheel. consists of 8 arms. of iron, each 3
feet long, so that the whole diameter of the wheel is 6 feet.
Each of these arms, at the distance of 20 inches from the
· centre, carries a sheet-:iron plane (or paddle) 16 inches
square, ,vhich is inclined so as to form an angle of 60 de
grees, both ,vith the arbor and keel of the vessel, to ,vhich
the arbor is placed parallel. To sustain this arbor ·and
the ,vheels, t,vo strong bars of iron, bet,veen 2 and 3
inches thick, proceed from the side of the vessel at right
angles to it, about 2½ feet below the surface of the ,vater."
He proposed si,milar scre,v-propellers at the stern, and
suggc=-sted thatn·they could be driven by animal or by steam
power.
;

'
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But a more remarkable essay is qu oted by Figuier 1-the
paper of l'Abbe Gauthier, published in the "Memoires de
la Societe Royale des Sciences et Lettres de Nancy." Ber
nouilli had expressed the belief. that the best steatn-engine
then known-that of Ne,vcomen-was not superior to some
other motors. Gauthier proposed to use that engine in
the propulsion · of paddle.:,vheels placed at the side of
the vessel. Ifis plan · ,vas not brought into use, but his
paper embodied a glo,ving description of the . advan
tages to be secu1·ed by its adoption. He sta�es that a
galley urged by 26 oars on a side made but 4,320 toises
(8,420 meters), or about 5 miles, an hour, and 1·equired
a cre,v of 260 men. A steam-engine, doing the same
work, ,vould be ready for action at• all times, could
be applied, when not d1·iving the vessel, to raising ·the
anchor, ,vorking the pumps, and to ventilating the ship,
while the fire ,vould also serve to cook ,vith. The engine
would occupy less space and weight than the men, ,vould
require less aliment, and that of a less expensive kind, etc.
He would make the boiler safe against explosions by bands
of ironn; would make the fire-box of iron, with a water
filled ash-pit and base-plate. His injection-,vater was to
come from the sea, and return by a delivery-pipe placed
above the -water-line. The chains, usually leading f1·om the
end of the beam to the pump-rods, were to be carried
around wheels on the paddle-shaft, which were to be pro. vided ,vith pawls ente1:ing a ratchet, and thus the paddles,
having beeri given sev�ral revolutions by the descent of the
piston and the un,vinding of the chain, ,vere to 1·evolve
freely ,vhile the 1·etu1·n-stroke was made, the chain being
hauled down and rewound by the wheel on tl1e shaft, the
latter being moved by a weight. The engine was proposed
to be of 6 feet stroke, and to make 15 strokes per minute,
with a force of 11,000 pounds.
A little later ,(1760), a S,viss clergyman, J. A. Genevois,
1

" Les Mcrveillcs de la Science."
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published in London a paper· relating to the improvement
of navigation, 1 in which his plan ,vas proposed of compress
ing springs by steam ,or other po,ver, and applying their
effort ,vhile recovering their form to ship-propulsion.
It was at this time that the first attempts ,vere made in .
the United States to solve this problem, ,vhich had begun
to be recognized as 9ne of the greatest which had presented
itself to the mechanic and the engineer.
WILLIA:hI HENRY ,vas a prominent citizen of the then lit
tle village of Lancaster, Pa., and was noted as an ingenious
· and successful mechanic. !l He was still living at the begin
ning of the present century. M1·. Henry ,vas the first to make
the ". ragn" carpet, and was the inventor of the screw-auger.
He was of a Scotch and North-of-Ireland family, his father,
John Henry, and his. t,vo olde1· brothers, Robert and James,
h�ving come to the United States about 1720. Robe1·t set
tled, finally, in Vh·ginia, and it is said that Patrick Henry,
the patriot and orator, was of his family. The others re
m�ined in Chester County, Pa., where vVilliam ,vas born,
in 172�. He learned the trade of a gunsmith, and, driven
from his home during the Indian ,var (1755 to 1760), settled.
in Lancaster.
In the year 1760 he went to England on business, where
his attention ,vas attracted to the invention�then new, and
t.he subject of discussion in every circle-of James Watt.
He sa,v the possioility of its application to navigation and to
driving carriages, and, on his return home, commenced the·
construction of a steam-engine, and finished it in 1763.
Placing it in a boat fitted ,vith paddle-,vheels, he made
a trial of the new machine on the Conestoga River, near
Lal).caster, where the craft, by some accident, sank, s and
" Some New Enquiries tending to the Improvement of Navigation."
London, 1 '760.
·
� Lo,ncastet DaiZ11 Express, December 10, 18'72. This account is col�
· lated from various manuscripts and letters in the possession of the author.
3 Bowen's " Sketche8 '' p. 6.
5
,
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was lost. He ,vas not discouraged by this failure, but
made a second model, adding some improvements. Among
the records of the Pennsylvania Philosophical Society is, or
,vas, a design, presented by Henry in 1782, of one of his
steamboats. The German traveler Schopffn. visited the
· United States in 1783, and at Mr. Henry's house, at Lan-.
caster, was shown " a machine by Mr. Henry, intended foi·
. the propelling of boats, etc. ; ' but,' said Mr. Henry, ' I am
· doubtful ,vhether such a machine would find favor ,vith
the public, as every _one considers it impracticable against
· wind and tide ; ' but that such a Boat will come into use
and navigate on the waters of the Ohio and J\'Iississippi,
he had not the least doubt of, but the time had not yet
arrived of its being appreciated and applied."
Johnn·Fitch, ,vhose experiments ,vill presently be re
ferred to, was an acquaintance and frequent visitor to the
house of J\tlr. Henry, and may probably have there received
the earliest suggestions of the importance of this applica
tion of steam. About 1777, when Henry ,vas engaged in
making mathematical and philosophical inst1·uments, and
the screw-auger, which at that time could only be obtained
of him, Robert Fulton, then t,velve years old, visited him,
to study the paintings of Benjamin West, ,vho had long
been a friend and protege of Henry� He, toq, not improb
ably received there the first suggestion ,vhich after,var<l led
him to desert the. art to which he at first devoted himself,
and ,vhich made of the young portrait-painter a successful
inventor and engineer. West's acquaintance ,vith Henry
had no such 1·esult. The young painter ,vas led by his
patron and friend to attempt historical pictures,1 and prob
ably o,ves his fame greatly to the kindly ·and discerning
mechanic. Says Galt, in his " Memoirs of Sir Benjamin
West" (London, 1816) : " Towards his old friend, William
Henry, of Lancaster City, he al,vays cherished the most
Some of 1Vcst's portraits, including those of Mr. and Mrs. Henry,
were lately in the possession of Mt'. John Jordan, of Philadelphia.
1

/
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grateful affection ; he ,vas the first · who urged him to at
tempt historical composition."
When, after the invention of Watt, the steam-engine
had taken such shape that it could really ,vork the propel
ling apparatus of a paddle or scre,v vesseJ, a ne,v impetus
was g·iven to the ,vork of its adaptation. · In France, the
1\'Iarquis de Jouffroy was one of the earliest to perceive that
the in1provements of Watt, rendering the engine more com
pact, more po,verful, and, at the same time, more regular
and positive in its action, had made it, at last, readily ap
plicable to the propulsion of vessels. The brothers Periei'
had imported a Watt engine ·from Soho, and this was 6.t
:tentively studiecf- by the marquis, 1 and its application to the
paddle-,vheels · of a steam-vessel seemed to him a sinipl�
problem. Comte d'Auxiron and Chevalier Chatles Mon
nin, of Follenai, friends and companions of Jou:ffroy, were
similarly interested, and the three are said to have often
discussed the scheme together, a11d to have united in devis
ing methods of applying the new motor.
In the yea.1· 1770, D'Auxiron determined to attempt the
realization of the plans ,vhich he had conceived. He re
signed his position in the army, prepared his plans and
dra,vings, and presented them to M� Bertin,i· the Prime
Minister, in .the year 1771 or 1772. The . Minister was fa
vorably impressed, and the King (May 22, 1772) granted
D'Auxiron a 1nonopoly of the use of steam in river-naviga
tion for 15 years, provided he should prove his plans prac
ticable, and they should be so adjudged by the Academy.
A company had been formed, the day previous, consist- •
ing of D'Auxiron, Jouffroy, Comte de Dijon, the Tular
quis d'Yonne, and Follenai, which advanced the requisite
funds. The first vessel was commenced in December, 1772.
When nearly completed, in September, 1774, the boat
sprung a leak, and, one night, foundered at the ,vharf.
1

Fi"uier.
0
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After some angry discussiop., during ,vhich D'1\uxiron was
rudely, and probably unjustly, accused of bad faith, the
company declined to advance the money needed to .1·ecover
and complete the vessel. They ,vere, ho,vever, cornpelled .
by the court to furnish it ; but, meantiine, D'Auxiron died
of apoplexy,n· the matter dropped, and the company dis
solved. The cost of th.e experiment had been something
.
inore than 15,000 francs.'
The heirs of D'Auxiron turned the papers of the de
ceased inventor over to JouJfroy, and the !{Ing transferred
to him the monopoly held by the former. Ifollenai retained
all his interest in the project, and the t,vo friends soon en
listed a powerful adherent and patron, the Marquis Ducrest,
a well-kno,vn soldier, courtier, andn.member of tl1e Acade•
my, who took an active part in the prosecution of the
scheme. M. ·nJacques Perier, the. then distinguished 1ne
chanic, ,vas consulted, and prepared plans, ,vhich were
adopted in place of those of Jouffroy. The boat ,vas built
by Pe�·ier, and a trial took place in 1774, on the Seine.
The result ,vas unsatisfacto1·y. The little craft could hardly
stem the sluggish current of the river, and the failure caused
the immediate abandonment of the scheme by Perier.
Still undiscouraged, J ouffroy retired to his country
home, at Baume-les-Dames, on the river Doubs. There he
carried on his experiments, getting his ,vork done as best
he could, ,vith the rude tools ·and insufficient apparatus of a
,village blacksmith. A Watt �ngine and a chain carrying
" duck-foot" paddles ,vere his propelling apparatus. The
boat, ,vhich was about 14 feet long and 6 wide, ,vas started
in June, 1776. · 'J:he duck's-foot system of paddles proyed
unsatisfactory, and Jouffroy gave it up, and rene,ved his
experiments ,vith a ne,v arrangement. He placed on the
paddle.:wheel shaft a ratchet-,vheel, and on the piston-rod
of his engine, ,vhich was placed horizontally in the boat,
a double rack, into the upper and the lower parts of ,vhich
the ratchet-,vheel . geared. Thus the wheels turned in the
17
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same directio•n, ,vhichever ,vay the piston ,vas . moving.
The ne,v engine was built atn.Lyons in 1780, by Messrs.
Freres-Jean. The ne,v boat ,vas about 140 feet long and
14 feet ,vide ·; the ,vheels ,vere - 14 feet in diameter, their
floats 6 feet long, and the " dip," or depth to ,vhich they
reached, ,vas about 2 feet. The boat dre,v 3 feet of ,vater,
and had a total ,veig·ht of about 15� tons.
At a public trial of the vessel at Lyons, July 15, 1783,
the little steamer was so successful as to justify the·npubli
cation of the fact by a report and a proclamation.· The
fact that the expe1·iment was ·not made at Paris was made
an excuse on the· part of the Academy for withholding its
indorsement, and on the part of the Government for declin
ing to confirm to Jou:ffroy the guaranteed monopoly. Im..
poverished and discouraged, J ouffroy gave up all hope of
prosecuting his plans successfully, and reentered the army.
Thus France lost an honor which was already within her
grasp, as she had already lost that of the inti•oduction of
the steam-engine, in the time of Papin.
About 1785, John Fitch and James Rumsey were en
gaged in experiments having in view the application of
steam to navigation.
Rumsey's . experiments began in 1774, and in 1786 he
succeeded in driving a boat at the 1·ate of four miles an hour
against the current of the Potomac at Shepherdsto,vn, W.
Va., in presence of General Washington. His method of
propulsion has often been reinvented since, and its adoption
urged ,vith that enthusiasm and persistence which .is a pe
culiar characteristic of inventors.
Rumsey employed his engine to drive a great pun1p •'
wh_ich forced a stream of water aft, th.us propelling the
boat forward, as prdposcd earlier by Bernouilli. This
same method has been 1·ecently t1;ied _ again by the British
Admiralty, in a gunboat of moderate size, using a centrifu
gal pump to set in motion the propelling stream, and with
some other modifications which are decided improvements
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upon Rumsey's rude arrangements, but which have not
done much more than his toward the introduction of
" Hydraulic or Jet Propulsion," as it is no,v called.
In 1787 he obtained a patent from the State of Virginia
for steam-navigation. . He ,vrote. a treatise " O. n the Appli
cation of Steam," ,vhich was printed at Philadelphia, where
a Rumsey soc�ety was organized for the encouragement of
•
•
atte1npts at steam-nav1gat1on.
Rumsey died of apoplexy, ,vhile explaining some of . his
schemes before a London society a short time later, Decem
ber 23, 1793, at the age of :fifty years. A boat, then in
process .of construction from his plans, was after,vard tried
. on . the Thames, in 1793, and steamed at the rate of four
miles an hour. The State of I(entu·cky, in 1839, presented
his son with a gold medal, commemorative of his father's
•
services " in giving to tl1e world the benefit of the steam
boat."
. JOHN FITCH w�s an unfortunate and eccentric, but very
ingenious, Connecticut mechanic. After roaming about
until forty .years of age, he :finally settled on the banks of
the Delaware, where he built his first steamboat.
In April, 1785, as Fitch himself states, at Neshamony,
Bucks County, Pa., he suddenly conceived the idea that a
carriage might be driven by steam. After considering the
was led to the plan of
subject a few days, his att.ention
.
using steam to propel vessels, and from that time to the
day of his death he was a persistent advocate of the intro
duction of the steamboat. At this time, Fitch says, "I
did not kno,v that there was a steam-engine on the earth ; "
· and he ,vas some,vhat disappointed when ·his friend, the
Rev. }Ir. Ir,vin, of Neshamony, sho,ved him a sketch of·
one in " Martin's Philosophy."
Fitch's first model was at once built, and was soon after
tried on a small stream near Davisville. The machinery
,vas made of brass, and the boat was impelled by paddle
,vheels. A rough model of his steamboat was sho,vn to
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Dr. John Ewing, Provost of the University of Pennsyl
vania, who, August 20, 1785, addressed a commendatory
letter to an ex-Member of Congress, William C. Houston,
asking him to assist Fitch in securing the aid of the General
Government. The latter referred the inventor, by a letter
of recommendation, to a delegate from New Jersey, Mr.
Lambert Cadwalader. With this, and other letters, Fitch
proceeded to N e,v York, where Congress then met, anu
made his application in proper form. lie ,vas unsuccess
ful, and equally so in attempting to secure aid from the
Spanish minister, who desired that the profits should be
secured, by a monopoly of the invention, to the King of
Spain. Fitch declined further negotiation, determined
that, if successful at all, the benefit should accrue to his
own countrymen.
In September, 1785, Fitch presented to the American
Philosophical Society, at Philadelphia, a model in which he
had substituted an. endless chain and floats for the paddle
wheels, with drawings and a descriptive account of his
scheme. This model is shown in the accompanying figure.

. Fto. 67.-Fitch's Model, 1785.

In March, 1786, Fitch was granted a patent by the
State of Ne,v Jersey, for the exclusive 1·ight to the navigation of the ,vaters of the State by steam, for 14 years. A
month later, he was in Philadelphia, . seeking a similar
patent from the State of Pennsylvania. He did not at once
succeed, but in a few days he had formed a company, raised
$300, and set about finding a place in which to construct
his engine. Henry Voight, a Dutch ,vatchmaker, a good
mechanic, and a very ingenious man, took an interest in the
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company, and ,vith him Fitch set about his work ,vith great
enthusiasm. After making a little 1nodel, having a steam
cylinder but one inch in diameter, they built a model boat
and engine, the latter having a diameter of cylinder' of three
inches. They tried the endless chain, and other n1ethods of
propulsion, without success, and finally succeeded ,vith a set
of oars worked by the engine. In Au.gust, 1786, it ,vas de- _
termined by the company to autl1orize the construction of a
larger vessel ; but the money ,vas not readily obtained.
l\'leantime, Fitch continued his efforts to secure a patent
from the State, and ,vas finally, March 28, 17'87, success
ful. He also obtained a similar grant fro1n the State of
Delaware, in I?ebruary of the same year, and from Ne,v
York, J\'Iarch 19.
J\'Ioney was no,v subscribed i:nore f1·eely, and the work
on the boat continued uninterruptedly until May, 1787,
,vhen a trial ,vas m:ade, which revealed many defects i11 the
rood, and leaked
1nachinery. rl,he cylinder-heads ,vere of "n
badly ; the piston leaked ; the condenser ,vas imperfect ;
the valves ,vere not tight. All these defects ,vere reme
died, and a condenser invented by Vojght�the " pipe-con
denser"-was substituted for that defective detail as pre
viously made.
The steamboat ,vas finally placed in ,vorking order, and
,vas found capable, on trial, of making three or four miles
;an hour. I:�ut no,v the boiler proved to be too small to fur
nish steam steadily in sufficient quantity to sustain the
higher speed. After some delay, and much distress on the
part of the sanguine inventor, ,vho feared that he might be
at last defeated when on the very verge of success, the
necessary changes ,vere finally made, and a trial took place
at Philadelphia, in presence of the members of the Conven
tion- then in session at Philadelphia framing the Federal
Constitution-August 22, 1787. l\'Iany of the distinguished
spectators gave letters to Fitch certifying his success. Fitch
now ,vent -to Virginia, ,vhere he succeeded in obtaining a
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patent, November 7, 1787, and then returned to ask a patent
of tl1e General Government�
A controversy with Rumsey now foJlowed, in which
Fitch asserted his claims to the invention of the steamboat,
and denied that Rumsey had done ni�re than to revive the
scheme ,vhich Bernouilli, Franklin, Henry, Paine, and
others, had previously proposed, and that Rumsey's steam
boat ,vas not made until 1786.
The boiler adopted in Fitch's boat of 1787 was a " pipe
boiler," ,vhich he had described in a communication to the
Philo�oph�cal Society, in September, 1785. It consisted
(Fig. 68) of a small ,vater-pipe, winding back,vard and for
ward in the furnace, and terminating at one end at the
point at ,vhich the feed-water ,vas. introd�ced, and at the
other unit,ing with the steam-pipe leading to the engine.n.
Voight's condenser ,vas similarly constructed. Rumsey

Flo. 68.-lntoh ancl Volght's Boller, 1787.

FIG. 69,.;...Fitch's lt'lrEst Bont, 1787.

claimed that this boiler was copied from his designs. Fitch
b1·ought evidence to prove that Ru�seJr had not built such
a boiler until after his own.
Fitch's first boat-engine had a steam-cylinder 12 inches
in diameter. A second engine was no,v built (1788) ,vith a
I
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cylinder 18 inches in. diameter, and a new boat. The first
· feet long and 12 feet ,vide ; the new boat ,vas
vessel wase45
60 feet long and of but 8 feet breadth of beam. The first
.boat (Fig. 69) had paddles worked at the sides, with 'the
motion given the Indian paddle in propelling a canoee; i�

Flo. 70.-Jobn Fitch, 1788.

· thee.second boat (Fig. 70) they ,vere similarly ,vorked, but
were placed at the stern. There were three of these pad
dles� The boat was finally finished in July, 1788, and made
a trip to Bu�·lington, 20 miles from Philadelphia. When
just reaching their destination, their boiler gave out, and
they made their return-trip to Philadelphia floating ,vith
the tide. Subsequently, the boat made a number of excur
sions on the Delaware River, n1aking three ,or four miles an
hour.
Another of Fitch's . boats, in · April, 1700, made seven
miles an hour. Fitch, writing of this boat, says that " on
the 16th of April we got our ,vork completed, and tried
our boat again ; and,. although the wind blew very f1·esh at
the east, we reigned lord high admirals of the Delaware,
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and no boatn·on the 1·iver cbtild hold way with us." In
June of that year it ,vas placed as a passenger-boat on a
line from Philadelphia to Burlington, Bristol, Bordento,vn,
and Trenton, occasionally leaving that route to take excur
sions to Wilmington and Chester. During this period, the
boat probably ra11 between 2,000 and 3,000 miles,1 and ,vith
no serious accident. During the winter of 1790-'91, Fitch
commenced another steamboat, the (( Perseverance," and
gave considerable time to the prosecution of his claim for a
0

FIG. 71,-John Fitch, 1796. .

·
patent from the United states.
The boat was never com
pleted, although he' received his patent, after a long and
spirited contest ,vith other claimants, on the 26th of August,
1791, and Fitch lost all hope of success. He went to
France in 1793, hoping to obtain the privilege of building
steam-vessels there, but was again disappointed, and ,vorked
his passage home in the f�llowing year.
In the year 1796, Fitch was again in New York City;
experimenting ,vith a little screw steamboat on the " Col
lect " Pond, ,vhich then covered that part of the city now
1 " Life

l

of John li'itch," Wcstcott.
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occupied by the " Tombs," the city prison. This little boat
,vas a ship's yawl fitted with a scre,v, like that adopted later
by Woodcroft, and drivrn by a rudely-made engine.
Fitch, ,vhile i11 the city of -Philadelphia at about this
time, met Oliver Evans, and discussed ,vith him the proba
ble future of steam-navigation, and proposed to form a
company in the West, to promote the introduction of steam
on the great rivers of that part of the country. He settled
at last in Kentucky, on his land-grant, and there amused
himself with a model steamboat, which he placed in a small
stream near Bardst(?wn. His death occurred there in July,
1798, and his body still lies in the village cemetery, with
only a rough stone to mark the spot. ·
Both Rumsey and Fitch endeavored to introd.uce their
methods·nin Great Britainn; and Fitch, ,vhile urging the im
portance and the advantages of his plan, confidently stated
his belief that the ocean would soon be cro�sed by steam
vessels, and that the navigation of the }Iississippi wouldn·
also become exclusively a steam-navigation. His reiter
ated assertion, " The day will come ,vhen . some more
po,verful man will get fame and riches from my invention ;
but no one ,vill believe that poor J obn Fitch can do any
thing ,vorthy of attention," no,v almost sounds like a
prophecy.
During this period, an interest ,vhich had never dimin
ished in Great Britain had led to the introd�ction of exper
imental steamboats in that country. PATRICI( MILLER, of
Dalswinton, had com.menced experimenting, in 1786-'87,
,vith boats having double or triple hulls, and propelled by
paddle-,vheels placed bet,veen tl1en.parts of the compound
vessel. · James Taylor, a young man who had been engaged
as tutor for Mr.,, Miller's sons, suggested, in 1787, the substitution of steam for the manual po,ver which had been,
up to that time, relied upon in their propulsion. l\iir. Mil
ler, in 178'1, printed a description of his plan of propelling
apparatus, and in it stated that he had " reason to believe
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that the power of the Steam-Engine may be applied to work
the wheels."
In the winter of 1787-'88, William Symmington, who
had planned a new form of steam-engi�e, and made a success
ful working-model, was employed by Mr. Miller to construct
an- engine for. a ne-\V boat. 'fhis was built ; the little engine,
having two cylinders of but four inches in diameter, ,vas
placed on board, an.d a trial ,vas made October 14, 1788.
The vessel (Fig. 72) ,vas 25 feet long, of 7 feet beam, and
made 5 miles an hour.

FIG.

72.-Miller, Taylor, and Symmington, 1788.

In the year 1789, a large vessel was bµilt, with an engine
having a steam-cylinder 18 inches in diameter, and this ves
sel was ready for trial in November of that year. On the
first tr.ial, the paddle-,vheels proved too slight, and broke
downn; they were replaced by strong�r ,vheels, and, in De
cember, the boat, oil trial, made seven miles an hour.
Miller,n·iike many other inventors, seems to have lost his
interest in the matter as soon as success seemed assured, .
and dropped it to take up other incomplete plans. l\'Iore
thann� quarter of a century later, the British Government
gave Taylor a pension of £50 per annum, and, in 1837, his
,,

,
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lour daughters were each given a similar annuity. · Mr.
l\1iller received no re-\vard, although he is said to have ex
pended over £30,000. The engine of Symmingtort ,vas
condemned by Miller as "the most improper of all steam
engines for giving motion to a vessel." Nothing more ,vas
done in Great Britain until early in the succeeding century.
In the United States, several mechanics were :pow at
work besides Fitch. Samuel Morey and Nathan Read were
among these. Nicholas Roosevelt was another. It had
just been found that American mechanics ,vere able to do
the required shop-work. The first experimental steam-en
gine built in America is stated to have bee� · made in 1773
·by Christopher Colles, ·a lecturer before the American Phi
losophical Society at Philadelphia. The first steam;.cylinder
of any c·onsiderable size is said 1 to have been made by
Sharpe & Curtenius, of New York City.
SAMUEL MoREY wasn·the son of one of the first settlers
of Orford, N. H. . He was naturally fond of science and
mechanics, ·nand became something of an inventor. I-Ie be
gan experimenting wit]1 the steamboat in 1790 or earlier,
building a small vessel, and fitting it ,vith paddle-wheels
·n. driven by a steam-engine of his own design, and constructed
by himself.!2 He made a trial-trip one Sunday morning in
tl1e summer of 1790, a friend to accompany pim, from Ox
ford, up the Connecticut River, to Fairlee, Vt., a distance
of several miles, and returned safely. He then went to
Ne,v York, and spent the summer of each year until 1793
in experimenting ,vith his boat and modifications of his
engine. In 1793 he made a trip to IIartford, returning to
New York the next summer. His boat was a " stern
wheeler," and is stated to have been capable of steaming
five miles an hour. He next ,vent to Bordento\vn, N. J.,
,vhere he built a larger boat, which is said to have been a
Rivington's Gazette, February 16, 1775.
Pro11idence Jou1·nal, May 7, 1874. Coll., N. H. Antiquar. Soc., No. 1 ;
"Who invented the Stca1nboata? " \Villian1 4,. Mowl'y, 1874.
1
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side-wheel boat, and to have work.ed satisfactorily. His
funds finally gave out, and he gave up his project after
having, in 1797, made a trip to Philadelphia. Fulton,
Livingston, and Stevens met J\1orey at New York, inspect
ed his boat, and made an excursion to Greenwich ,vith him. 1
Livingston is said 2 to have offered to assist Mol'ey if he
sl1ould succeed in attaining a speed of eight miles an hour.
J\tiorey's experiments seem to have been conducted very
quietly, ho,vever, and almost nothi�g is ltno,vn of them.
'I'he author has not been able to learn any particulars of
the engines used by him, and nothing definite is known of
the dimensions of either boat or machinery. . Morey never,
like Fitch and Rumsey, sougl1t publicity for his . plans or
notoriety for himself.
NATHAN READ, ,vho has already been mentioned, a na
tive of Warren, Mass., where he was born in the year 1759,
and a graduate of I-Iarvard College, ,vas a student of med
· icine, and subsequently a manufacturer of chain-cables and
other iron-,vork for ships. He invented, and in 1798 pat
ented, a nail-making n1achine. He was at one time (18001803) a J\tlember of Congress, and, later, a Justice of the
Court of Common J:>leas, and Chief Justice in llancock
County, J\tle., af�er his removal to that State in 1807. Ile
died in Belfast, J\tie., in 1840, at the age of ninety years.·
In the yeai· 1788 he became interested in the problem
of steam-navigation, andn
_ learned something of the work of
Fitch. He first attempted to design a boiler that should be
strong, light, and compact, as ,veil as safe. His first plan
,vas that of the "Portable Fur!lace-Boiler," as he called it ;
it ,vas patented August 20; 1791. As designed, it consisted,
as seen in Figs. 73 and 74, ,vhich_ are reduced from his
patent dra,vings, of a shell of cylindrical form, like the
no,v common vertical tubular boiler. A is the furnace
door, B a heater and feed-,vater reservoir, .D a pipe leading
1

Rev. Cyrus �Jann, in the Boston Reco1·dcr, 1868.

2

'\Vestcott.
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the feed-water into the boiler, E the smoke-pipe, and F
the steam-pipe le�ding to the engine. G is the " shell " .of
the boilet, and I-I the fire-box. The crown-sheet, II, has
depending· from it, in the furnace, a set of ,vater-tubes, b b,
1
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Flo. '73.-Read's .Boller in Section, 1788.

Fro. 74.-Rend's Multi-Tubu1nr Boiler, 1788.

closed at their lower ends, and another set, a a, ,vhich con
nect the ,vater-space above the furnace ,vith the water-bot
tom, KI{'. L is the furnace, and M the draugl;tt-space
between the boiler and the ash-pit, in which the grates
are set.
This· boiler was intended to be used in both steamboats
and stean1-carriages. The first drawings were made in.
1788 or 1789, as were those of a · peculiar form of steam
engine which a]so resembled very closely that after,vard
constructed in . Great Britain by. '11revithick.1) He built a
This is substantially a.n a1·rangemcnt that has recently become co1nmon.
It bas been repatcnted by later inventors.
2 " Nathan Read and the Stea1n-Enginc."
1

I
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,
,vhich he fitted ,vith

paddle-,vheels and a
boat in 1789,
crank, which ,vas turned · by hand, and, by trial, satisfied
hi1nself that the system ,vould ,vork satisfactorily. ·
I-le then applied for · his patent, and spent the greater
. part of the ,vinter of 1789-'90 in Ne,v York, where Congress
then met, endeavoring to secure it. In Janua1�y, 1791,
Read ,vithdre,v his petitions for patents, proposing to incor
porate accounts of ne,v devices, -and rene,ved then1 a fe,v
months later. His })atent� ,vere finally issued, dated .i\.u
gust 26, 1701. John Fitch, James Rumsey, and John Ste
vens, also, all received patents at the same date, for various
methods of applying steam to the propulsion of vessels.
Read appears to have never succeeded in even �xperi1nentally making his plans successful. He deserves credit
for l1is early and intelligent perception of the importance ·
of the subject, and £01· the ingenuity of his devices. AE!
the inventor of the vertical multi-tubular fire-box boiler, he
has also entitled himself to great distinction. 1,his boiler
is now in very general use, and is a standard form.
In 1792, Elijah Ormsbee, a Rhode Island mechanic,
assisted pecunia.rily by David )Vilkinson, built a small
steamboat at Winso1·'s Cove, Narragansett Bay, and made
a successful trial-trip on· the Seekonk River. Ormsbee
· used an '' atmospheric engine " and " duck's-£ooti" paddles.
His boat attained a speed of from three to four miles an
hour.
In Great Britain, Lord Dundas and William Symmington, the former as the purveyor of funds and the latter _as.
engineer, fo11o,ve� by Henry Bell, ,vere the first to make
the introduction of the steam-engine for the propulsion of
· ships so completely successful that no interruption subse� ·
quently took place in the gro,vth of the ne,v system of
water-transportation.
Thomas, Lord Dundas, of Kerse, had taken great inter
est in the experiments of Miller, and had hoped to be able .
to · apply the new motor on the Forth and Clyde Canal, in

STEAM- NAVfGATION.

247

which he held a large inter�st. After the failure of the
; but subearlier experiments, he did not forget the matter
•
sequently, meeting with Symmington, ,vho had been ]_\;filler's constructing engineer, he engaged him to continue
the experiments, and furnished all required capital, about
£7,000. This was ten years after liiller had abandoned
his scheme.
Symmington commenced wo1\k in 1801. 'l'he first boat
built for Lord Dundas, which has been claimed to have
been the "first practical steamboat," was :finished ready for
trial early in 1802. The vessel was called the "Charlotte
Dundas," in honor of a daughter of Lord Dundas, ,vho be
came Lady Milton.
The vessel (Fig. 75) was driven by a Watt double
' acting engine, turning a crank on the paddle-,vheel shaft.
The sectional sketch belo,v exhibits the arrangement of the

l<'1u, 16.- Tbe •· Charlotte Dundas," 1801.
I

machinery. A is the steam-cylinder, driving, by means of
the connecting-rod, B 0, a stern-,vheel, E E. .F is the
boiler, and G the tall smoke-pipe. An air-pump and con
denser, H, is seen under the steam-cylinder.
· In March, 1802, the boat ,vas brought to Lock No, 20
on the Fo1·th and Clyde Canal, and two vessels of 70 tons
burden each taken in to,v. Lord Dundas, William Syn1mington, and a party of invited guests, were taken on board,
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and the boat steamed down to Port Glasgow, a distance of
about 20 miles, against a strong head-wind, in six hours.
'
'11he proprietors of the 'canal were no,v urged to adopt
the new {plan of towing ; but, fearing . injury to the banks
of the canal, they declined to do so. Lord Dundas then
laid the matter before the Duke of Bridge,vater, ,vho gave
Symn1ington an, order forn·eight boats like the Charlotte
Dundas, to be used on his canal. The death of the Duke,
· ho,vever, prevented the contract from being carried into
effect, and Symmington again gave up the project in de
spair. A quarter of a century later, Symmington received
from the British Government £100, .and, a little later, £50
additional, as an acknowledgment of his services. The
Charlotte Dundas ,vas laid up, and we hear nothing more
of that vessel.

F10.

16.-Tho II Comot," 1812.

Among those who saw the Charlotte Dundas, and who
appreciated the importance of the success achieved by Sym
mington, ,vas HENRY BELL, who, 10 yea1·s afterward, con
structed the Comet (Fig. 76), the first passenger-v.essel built
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in Europe. This vesseln'was built in 1811, and completed
January 18, 1812. The craft was of 30 tons burden, 40 feet
in length, and IO½ feet breadth of beam. 'l'here ,vere two
paddle-,vheels on each side, driven by engines rated at
·
three hoi·se-power.
Bell had, it ·is said, been an enthusiastic believer in the ·
advantages to be secured by this application of steam, from
about 1786. · In 1800, and again in 1803, he �pplied to tl1e
British Admiralty for aid in securing those advantages by
expe1·imentally determining the proper form and propor
tions· of machinery and vessel ; but was not able to con-
vince the Admiralty of " the practicability and great utility
of applying steam to the propelling of vessels against
on rivers and seas
winds and tides, and every obstruction
'
,vhere there ,vas depth of water." He also wrote to the
United States Government, _urging his vie,vs in a similar
strain.
Bell's boat was, when finished, advertised as a passengerboat, to leave Greenock, where the vessel ,vas built, on
Mondays, Wednesdays, and Fridays, for Glasgow, 24 miJes
distant, 1·eturning· rruesdays, Thursdays, and Saturdays.
'l.,he fare was made " four shillings for the best cabin, and .
three shillings for the second." It was some months before
the vessel became considered a trust,vorthy means of con
veyance. Bell, on the whole, was at first a heavy loser by
his venture, although his boat proved itself a safe, stanch
vessel.
Beil constructed several other boats in 1815, and with ·
his success steam-navigation in Great Britain was fairly
inaugurated. In 1814 there were five steamers, all Scotch,
regula1·ly working in British watersn; in 1820 there were
34, one-half of _ ,vhich ,vere in England, 14 in Scotland, and
tl1e remainder in Ireland. T,venty years later, at the close
of the period to ,vhich this chapter is especially devoted,
there ,vere about . 1,325 steam-vessels in t�at kingdom, of
which 1,000 ,vere English and 250 Scotch.
18
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But we must return to America, to witness the first and
most complete success, commercially, in the introduction of
the steamboat.
The Messrs. Stevens, Livingston, Fulton, and Roosevelt
,vere there the n1ost successful pioneers. The latter is said
to have built the " Polacca," a small steamboat launched on
the Passaic River in 1798. The vessel ,vas 60 feet long,
and had an engine of 20 inches diameter of cylinde1: and
2 feet stroke,- ,vhich drove the boat 8 miles an hour, carry
ing a party of invited guests, whicl1 included the Spanish
l\'.[inister. Livingston and John Stevens had induced Roose
velt to try tl1eir plans still earlier, 1 paying· the expense of
the experiments. The former adopted the plan of Bernou
illi and Rumsey, using a centrifugal pun1p to force· a jet of
water from the stern ; the latter used the screw. . Living
ston going to Francet. as United States Minister, Barlow
carried over the pl,ans of the " Polacca," and Roosevelt's
· friends state that a boat built by them, in conjunction ,vith
Fulton, was a " sister-ship " to that vessel. In 1798, Roose
velt patented a ,double engine, having cranks set at right
angles. As late as -1814 he received a patent for a steam
vessel, fitted ,vith paddle-wheels having adjustable floats.
His boat of 1798 is stated by son1e writers to have been
made by him on joint account of himself, Livingston, and
Stevens. Roos_evelt, some years later, ,vas again at work,
associating himself with Fulton in the introduction of
steam-navigation of the rivers of the West.t11
In 1798, the Legislature of New York passed a law giv
ing .Chancellor Livingston the exclusive 1·ight tot· steam
navigation _ in the ,vaters of the �tate for a period of 20 ·
years, providecl that · he should succeed, ,vithin a t,velve
month, in producing a boat that should steam four miles
an hour.
" Encycloprodia Americana."
� " A Lost Chapter in the History of the Steamboat,,, J. H. B. Latrobe,
1

18'71.
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Livingston did riot succeed in complying ,vith the terms
of tlie act, but, in 1803, he procured the reenactment of the
law in favor of himself and Robert I?ulton, ,vho was then
experimenting in France, after having, in England, ,vatched
the progress of steam-navigation there, and then taken a
patent in this country.

•

I

Robert Fulton.

RonERT FULTON was a native of Little Britain, Lancas
ter County, Pa., born 1765. He commenced experimenting
,vith paddle-wheels when a mere boy, in 1779, visiting an
aunt living on the bank of the Conestoga.1 During his
youth he spent n1uch of his time in the ,vorkshops of his
neighborhood, and lea11ned the trade of a watchmakern; but
he adopted, finally, the profession of an artist, and exhib
ited great skill in portrait-painting. While his tastes were
1 , Vide

" Life of Fulton," Reigart.
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at this time taking a decided bent, �e is said to have visited
frequently the house of William Henry, already mentioned,
to see the paintings of Benjamin West, who in his youth
.
hadt been a kind of protege of Mr. Henry ; and he may
probably have seen there the model steamboats ,,,hich }Ir.
I-Ienry exhibited, in 1783 or 1784, to the German traveler
Schqpff. ln later years, Thomas Paine, the author of
" Common Sense," at one time lived ,vith Mr. Henry, and
after,vard, in 1788, proposed that Congress take up the
subject for the benefit of the country.
Fulton went to England whent· he . came of age, and
studied painting ,vith Benjamin West. He after,vard
spent two years in Devonshire, where he met the Duke of
Bridge,vater, who afterwa1·d sot·promptly took advantage
of the success of the " Charlotte Dundas.t"
While in England and in France-,vhere he went in
1797, and 1·esided some time-he rnay have seen something
of the attempts which ,vere beginning to be made to intro
duce steam-navigation i11 both of those countries.
At about this time-:-perhaps in 1793-Fulton gave up
painting as a profe�sion, and becan1e a civil engineer. In
1797 he ,vent to Paris, and commenced experimenting with
submarine torpedoes and tori)e.do-boats. In 1801 he had
succeeded so ,veil with them as to create much anxiety in
the minds of the English, then at war ,vith France.
He had, as early as 1793, proposed plans for steam�ves� sels� both. to the United States and the British Govern
ments, and seems never entirely to have lost sight of the
subject. 1 While in France he lived with Joel Barlo,v, who
subsequently became kno,vn as a poet, and as Embassador
to France from the United States, but ,vho was then en
gaged in business in Paris.
When about leaving the country, Fulton met Robe1·t
Livingston (Chancellor Livingston, as he is often called),
1.

JTide " Life of Fulton,,, Colden.
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who was then (1801) Embassador of the United States at
the court of France. Together they discussed the project
of applying steam to navigation, and determined to attempt
the construction of a steamboat on the Seine ; and in the
early spring of the year 1802, Fulton having attended Mrs.
Barlow to Plombieres, ,vhere she had been sent by her phy, sician, he there made dra,vings and models, which ,vere
sent pr described to Livingston. In the following winter
Fulton cpmpleted a model side-wheel boat.
· January 24, 1803, he delivered this n1odel to Ml\1.
l\folar, Bordel, and J\'Iontgolfier, ,vith a descriptive 1nemoir,
in ,vhich he stated that he had, by experiment, proven that
side-wheels ,vere better than the "chapletn" (paddle-floats
set on . an endless chain). 1 'fhese gent�emen ,vere .then

FIG: '17,-Fulton•s Experiments.

building for Fulton and Livingston their first boat, on
L'Isle des Cygnes, in the Seine. In planning this boat, FulA French inventor, a watchmaker of Trevoux, named Desblancs; had
already deposited at the Conservatoire a model fitted with " chaplets."
. 1

'.
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ton had devised many different methods of applying steam
t.o its propulsion, and had made some experiments to de
termine the resistance of fluids. He therefore bad been
able to calculate, more accurately than had any earlier in
ventor, the relative size and proportions of boat and ma
chinery.
'l'he author has examined a large collection of Fulton's
dra,vings, among which are sketches, very neatly executed,
of many of these plans, including the chaplet, side-wheel,
and stern.-wheel bo_ats, driven by various forms of steam
engine, some ,vorking direct, and some geared to the pad
dle-,vheel shaft. Figs. 77 and 78 are engraved from
t,vo of these sheets. The first rep1·esents the method
adopted by Fulton to determine the 1·esistance of masses of
wood of various forms and proportions, when towed through
water. The other is " A Table of the resistance of bodies
moved through ,vater, taken from experiments made in
England by a society for improving Naval architecture, be
t,veen the years 1793 and 1798" (Fig. 78). This latter is
8
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78.-Fulton's Table of Resistances.

fro1n a certified copy of " The Original Drawing on file in
the Office of the Clerk ofn.the New York District, making
a part of the Demonstration of the patent granted to Robert
Fulton, Esqr., on the 11th day of February, 1809. Dated
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this 3rd March, 1814," and is signed by Theron Rudd, Clerk
of the Ne,v York District. Resistances are given in pounds
per square foot.
. Guided by these experiments and calculations, therefore,
Fulton directed the construction of his vessel. It ,vas com
pleted inn,the spring of 1803. But, unfortunately, the hull
of the little vessel ,vas too weak for its heavy machinery,
and it broke in two and sank to the bottom of the Seine.
Undiscouraged, Fulton at once set about 1·epairing dam
ages. He ,vas compelled to direct the rebuilding of the
hull. The machinery ,vas little injured. In June, 1803,
the 1·econstruction was co�pleted, and the vessel ,vas set
afloat in July. The hull was 66 feet long, of 8 feet beam,
and of
• light draught.
August 9, 1803, this boat was cast loose, and steamed
up the Seine, in presence of an immense concourse of spec
tators. A committee of the National Academy, consisting
of Bou gainville, Bossuet, Carnot, and Perier, · ,vere present
to witness then··experhnent. '.rhe boat moved but sl�,vly,
making only between 3 and 4 miles an hour against the
current, the speed through the ,vatcr being about 4½ miles ;
but this ,vas, all things considered, a great success.
The experiment was successful, but it attracted little
attention, no�withstanding the fact that its success had
been ,vitnessed by tl1e committee of the Academy and by
many well-known savants and �echanics, and by officers on
Napoleon's staff. The boat remained a long time on the
Seine, near the palace. The water-tu be boiler of this vesse]
(Fig. 79) is still preserved at the Conservatoire des Arts et
Metiers at Pa1·is, ,vhere it is known as Barlow's boiler. Bar
low patented it in France as early as 1793, as a steamboat-.
boiler, and states that the object of his construction was to
obtain the greatest possible extent of heating-surface.
Fulton endeavored to secure the pecuniary aid and the
countenance of the First Consul, but in vain.
Livingston wrote home, describing the trial of this steam�
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boat and its 1·esults, and procured the passage of an act by
the Legislature of the State of New York, extending a ·
monopoly granted him in 1798 for the term of 20 years
from April 5, 1803, · the date of the new law, and extending

Flo. 79.-Barlow's Water-Tubo Bollor, 1793.

the time allowed £or proving the practicability of driving
a boat four miles an hour by steam to two years from the
same date. A later act further extended the time to April,
1807.
In May, 1eo4, Fulton went to England, giving up all
hope of success in France with either his stea.mboats or his
torpedoes. Fulton had already written to Boulton & Watt,
ordering an engine to be built from plans ,vhich he fur
nished themn; but he had 11ot informed· them of the purpose .
to ,vhich it was to be applied� . This engine was to have a
steam-cylinder 2 feet in diameter and of 4 feet strol{e. The
engine of the Charlotte Dundas was of vei.·y nearly the
same size ; and this. fact, and the visit of Fulton to Sym
mington in 1801, as described by the latter, have been made
the basis of a claim that Fulton ,vas a copyist of the plans
of others. The general accordance of the dimensions of
his boat on the Seine with.those of the "Polacca" of Roose
velt is also made the basis of similar claims by the friends
{
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·nof the latter. It would · appear, however, that Symming
top.'s statement is incorrect, as Fulton was in F1;ance, ex
perimenting ,vith torpedoes, at the time (July, 1801n1) when
he is accused of having obtained from the English engineer
the dimensions and a statement of the performance of his
vessel. Yet a fireman employed by Symmington has made
an affidavit to the same statement. It is evident, ho,vever,
· from what has preceded, that those inventors and buildei·s
who were at that time working with the object of introduc. ing tlie steamboat were usually well acquainted with what
had been done. by others, and with what was being done
by their contemporaries ; and it is undoubtedly the fa�t
that each profited, so far as he was able, by the experience
of others.
While in · England,·however, Fulton was certainly not
so ent-irely absorbed in the torpedo expe1·iments with which
he was occupied in the years 1804-'6 as to forget his plans
for a steamboatn; and .he saw the engine ordered by him in
1804 completed in the latter yea19, and preceded it to New
York, sailing from Falmouth in October, 1806, and reaching
the. United States December 13, 1806.
The engine ,vas soon received; and Fulton immediately
contracted for a hull in which to set it up. Meantime, Liv
, ingston had also returned to the United States, an·d the two
enthusiasts worked together on a larger steamer than any
which had yet been constructed.
In the spring of 1807, then" Clermont" (Fig. 80), as the
ne,v boat was christened, ,vas launched from the ship-yard of
Charles Brown, on the East River, New York. In August
board and in successful operation.
the machinery wasnon
·
The hull of this boat ,vas 133 feet long, 18 wide, and 9
deep. The boat soon made a trip to Albany, running the
distance of 150 miles in 32 hours running time, and return
ing in 30 hours. The sails were not used on either occasion.
.

1

Woodcroft; p. 64. . . .

258

THE MODERN STEAM-ENGINE.

This was the first voyage of considerable length ever
made by a steam-vesseln; and Fulton, though not to be
classed with James Watt as an inventor, is entitled to the

J.i'1G. 80.-The Clermont, 1807.

great honor of having been the first to.make steam-naviga.
tion a11 every-day commercial success, and of having thus
made the first application of the steam-engine to sl1ip-pro
})Ulsion, whicl1 ,vas not follo,ved by the 1·etirement of the

8

F10. 81.-Engine of the Clermont, 1808.

experimenter from the field of his labo1·s before success
was permanently insured.
The engine of the Clermont (Fig. 81) was of rather pe•
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culiar form, the piston, E, being coupled to the crank-shaft,
0, by a bell-crank, I HP, and a connecting-rod, P Q, the
paddle-wheel shaft, M N, being separate from the crank
shaft, and connected with the latter by gearing, 0 0. The
cylinders ,vere 24 inches in diameter by 4 feet stroke. The
paddle-,vheels had buckets 4 feet long, "1ith a dip of 2 feet.
Old dra,vings, made by Fulton's o,vn hand, and sho,ving
the engine as it was in 1808, and the engine of a later
steamer, the Chancellor Livingston, are in the lecture-room
of Prof. Wood at the Stevens Institute of Technology.
attended
The voyage of the Clermont to Albany ,vas
·
1
by some ludicrous incidents, ,vhich found their counterparts
wherever, subsequently, steamers were for the first time
introduced. }Ir. Colden, the biographer of Fulton, . says
that she was described, by persons who had seen her passing
by night, " as a monster 1noving on the ,vaters, defying
wind and tide, and breathing flames and smoke."
T.his first steamboat used dry pine wood for fuel, and
the flames rose to a considerable distance above the smoke
pipe. vVhen the fires ,vere disturbed, mingled smoke and
sparks ,vould rise high in the air. · " This uncommon light,"
says Colden, " first attracted the attention of the cre,vs of
other vessels. Not,vithstanding the ,vind and tide were
averse to its approach, they sa,v ,vith astonishment that it
was rapidly comin·g to,vard them ; and ,vhen it ca1ne so
near that the noise of the machinery and paddles was
heard, the crews (if ,vhat was said in the ne,vspapers of the
time be true), in some instances,shrank beneath their decks
from the terrific sight, and left their vessels to go on shoren;
. "rhile others prostrated themselves, and besought Provi
dence to . protect them from the approach of the horrible
1nonster which ,vas marching on the tides, and lighting its
path by the fires ,vhich it vomited."
In the Clei'mont, Fulton used several of the now char
acteristic features of the . A1nerican river steamboat, and
subsequently introduced others. His most important and
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creditable work, aside .from that of the int1·oduction of the
steamboat into every-day use, was the experimental deter
the 1nagnitude and the laws of ship-resistance,
minationnof
.
and the systematic proportioning of vessel and machinery
to the ,vork to be done by the1n.
The success of the Clermont on the trial-trip ,vas such
that Fulton soon after advertised the vessel as a regular
passenger-boat bet,veen New York and Albany.n1
During the next ,vinter the Clermont was repaired and
enlarged, and in the summer of 1808 ,vas again on the
route to Albany ; and, meantime, two ne,v steamboats-the
Raritan and the Car of N eptune-:-had been built by Ji..,ul�
ton. In · the year 1811 he built the Paragon. Both of the
.• .A newsp�per-slip in the scrap-book of the author bas the foilowing 1
" The traveler of to day, as he goes on board the great steamboats St.
John or Drew, can scarcely imagine the diffea·ence between such floating
palaces and the wee-bit punts on which our fathers were wafted 60 years
ago. ,ve may, however, get some idea of the sort of thing then in use by
a perusal of the steamboat announcements of that time, two of which are as
follows:
[" (}opy of an A.diiertisernent taken f1·om the Albany Gazette, dated Septem.

bet·, 1807.]

" The NQrth River Steamboat will leave Pauler's Hook Ferry [now Je�·
sey CityJ on Friday, the 4th of September, at 9 in the morning, and arrive
at Albany on Saturday, at 9 in the afternoon. Provisions, good berths,
and accommodations are provided.
" The charge to each passenger is as follows :
.
" To Newburg. . .. . • . . . . . . . . � . . . . . . . . . dols. 8, time 14 hours.
" Poughi
ceeps1e . . ; . . . . . . . . . . . .a. . . . . " 4, " 1 7 "
" Esopus. . . . . . . . . . . . . . . . . . . . . . . . . .

" I-Judson. . . . . . . . . .a. . . _ . . . .. . . . . . . • •

'' Albany . . . . . . :. . . . . . . . . . . . . . . . . . .'

"

"

''

0,

'' · 20

''

7,

"

''

5½, " 30
86

"

" For places, apply to '\,Villiam Vandervoort, No. 48 Courtlandt Street,
on the corner of Greenwich Street.
" Septeniber 2, 180'7.
[" E'xt1·aet fr1Jrn tlie New Yo1·k l!Jvening Post, dated October 2, 1807.]
" ?t[r. Fulton's new-invented Stea711,boat, which is fitted up in n neat style
for passengers, and is intended to run from New York to Albany as a
Pacl<et, left l1erc this n1orning with 91) pas�engers, against a strong head
wind. No�withstanding which, it was judged she 1noved th1·ough the waters
. ·
at the rate:of six miles an hour.n
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two _vessels last named ,vere of nearly double the size of the
Clermont. A steam ferry-boat was built to ply between
New York and Jersey City in 1812, and the next year two
others, to connect the metropolis with Brooklyn. 'l,hese
were " twin-boats," the t,vo parallel hulls being connected
by a . " bridge " or deck common to both. The Jersey ferry
,vas crossed in :fifteen minutes, the distance being a mile
· a half. To-day, the time occupied at the same ferry
and
is about tei:i, minutes. Fulton's ferry-boat carried, at one
load, 8 carriages, and about 30 horses, and still had 1·oom
for: 300 or 400 foot-passengers. Fulton also designed steam�
vessels for use on the Western rivers, and, in 1815, sonu, of
his boats were started as " packets " on the line b_etween
New York and Providence, R. I. ·
Meantime, the War of 1812 was in progress, and Fulton
designed a steamtvessel-of-war, ,vhich wast.then considered
a wonderfully formidable craft. His plans were submitted
to a. commission of �xperienced naval officers, among ,vhom
were Commodores Decatur and Perry, Captain John Paul
Jones, Captain Evans, and others whose names are still fa
miliar, and were favorably commended. Fulton proposed
· to build a steam-vessel capable of carrying a heavy battery,
and of steaming four miles an hour. The ship was to be
fitted with furnacest' for red-11ot shot. Some of her guns
were to be discharged below the water-line. 'l.,he estimated
cost was $320,000.
The construction of the vessel was authorized by Con
gress in March, 1814 ; the keel ,vas laid June 20, 1814, and
the vessel was launched October 29th of the same year.
The '' Fulton ·the First," as she was called� ,vas considered
an enormous
vessel at that time. · The hull was double, 156
.
feet long, 56 feet wide, and 20 feet deep, measuring 2,4'.75
tons. In the following May the ship was 1·eady for her
engine, and in July was so far completed as to steam, on
a trial-trip, to the ocean at Sandy Hook and bac�-53 miles
-in 8 hours and 20 minutes. In September of the same.
.
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year, ,vith a1·mament and stores on board, the same · route
,vas traversed again, the vessel making 5½ miles . an hour.
'l1he vessel, as thu� completed, had a double hull, each
about 20 feet longer than the Clermont, and separated by a
space 15 feet across. Her engine, having a steam-cylinder

F1G.

82.-Launch of the Fulton the First, 1804.

48 inches in diameter and of 5 feet stroke of piston, was
furnished with _ steam by a copper boiler 22 feet long, 12
feet ,vide, and 8 feet high, and turned a wheel between ·the
two hulls ,vhich ,vas 16 feetn· in diameter� and carried
" floats �' or " buckets". 14 feet long, and with a dip of 4
feet. The engine ,vas in one of the t,vo hulls, and the
boiler in the other. The sides, at the gun-deck, ,vere 4 feet
10 inches thick, and her spar-deck �as surrounded by heavy
musket-proof bub;varks. The armament consisted of 30
32-pounders, ,vhicl1 were intended .to discharge red-hot
s11ot. There was one heavy mast for each hull, fitted with
large latteen sails. Each end of each hull was fitted ,vith
a rudder. Large pumps were carried, which were intended
to thro,v heavy streams of water upon the decks of the ene
my, ,vith a vie,v to disabling the foe by wetting his ord
nance and ammunition. A submarine gun was to have
been carried at each bow, to discharge shot weig·hing 100
pounds, at a depth of 10 feet belo,v the water-line.

•
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This was the first application _of the steam-engine to
naval purposes, and, for the time, it was an exceedingly
creditable one. Fulton, .however, did not'- live to see the
ship completed. He ,vas engaged in a contest with Liv
ingston, ,vho was then endeavoring to obtain permission
from the State of Ne,v Jersey to operate a line of steam
boats in the waters of the l:[udson River • and Ne,v York
Bay, and, ,vhile returning from attending a session of the
Legislature at T�·enton, it\ January, 1815, ,vas exposed to
the weather on the bay at a time when he was ill prepared
to withstand it. He was taken ill, and died February 24th of
that year. His death WM mourned as a national calamity.
From thei.above br1.ef sketch of this distinguiched man
and his ,vork, it is seen tl1at, althougl1 Robert Jfulton is not
entitled to distinction as an inventor, he was one of the
ablest, most persh,tent, and most successful of those who
have done so much for the world by the introduction of the
inventions of others. He was an intelligent engineer and
an enterprising business-man, whose skill, acuteness, and
energy have given the world the fruits of the inventive
genius of all who preceded him, and have thus justlyi·
earned for him a fame that can never be lost.
Fulton had some active and enterprising rivals.
Oliver Evans had, in · 1801 .or 1802, sent one of his en
gines, of about 150 horse-power, to Ne,v Orleans, for the
purpose of using it to propel a vessel o,vned by Messrs.
l\fcl{eever and Valcourt, ,vhich was there a,vaiting it. The
engine was actually set up in the boat, but at a Io,v stage
of the river, and no trial could be made until the river
should again rise, some months later. Having no funds to
. carry them through so long a period, Evans's agents ,v_ere
induced to remove the engine again, and to set it up in a
saw-mill, ,vhere it created great astonishment by its ex
traordinary performance in sawing lumber.
Livingston and Roosevelt were also engaged in experi
ments quite as early as Fulton, a�d perhaps ��r!ie1·.
/
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The prize gained by Fulton was, however, most closely
contested. by Colonel JOHN STEVENS, of Hoboken� who has·
been already mentioned in connection ,vith· the early his
tory of railroads, and ,vho bad been since 1791 engaged in
similar experiments. In 1789 he had petitioned the Legis
lature of the State of New York for a grant similar to that
accorded to Livingston, and he then stated that his plans
were complete, and on paper.
In 1804, ,vhile Fulton was in Europe, Stevens had com
pleted a steamboat, 68 feet long and·of 14 feet beam, ,vhich
combined novelties and merits of design in a manner that
exhibited the best possible evidence of 1·emarkable inventive
talent, as well as of the . most perfect appreciation of the
nature of the problem ,vhich he had proposed to himself to
solve. Its boiler (Fig. 83) was of ,vhat is no,v kno,vn as the
water-tubular variety. It was quite similar to some now

F1G. 83.-Section

of Steam-Boiler, 1804.

kno,vn as sectional boilers, and contained 100 tubes 2 inches
in diameter and 18 inches long, each fastened at one end to
a central ,vater-leg and steam-drum, and plugged at the
other end. The flames from the furnace passed around and
among the tubes, the water being inside them. The engine
(Fig. 84) was a direct-acting liigh-pres8'JJ,re condensing en
gine, having a IO-inch cylinder, 2 feet stroke of piston, and
drove a sc'rew having four blades, and of a form which, even
to-day, appears quite good. The wl1ole is a. most remark
able ·piece of early engineering.
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A model of this little steamer, built i11 1804, is preserved
in the lecture-1·oom of the Department of Mechanical Engi
neering at the Stevens Institute of Technology ; and the
machinery itself, consisting of the high-pressure "sectional"

F10.

84.-Englnc, Boilei·, and Scrcw�Propellers used by Stevens, 1804.
f

orn" safetyn" tubular boiler, as it would be called to-day, the
higl1-pressure condensing engine, with rotating valves, and
twin screw-propellers, as just described, is given a place of
h9nor in the model-room, or museum, ,vhere it contrasts
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85.-Stevons's Scre,v Steamer, 1804.

singularly with the mechanism contributed to the collection
by manufacturers and inventors of our . own time. The hub
and blade of a single scre,v, also used with the same ma
chinery, is lik�,vise to be seen there.
19
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Stevens seems to have been the first to fully recognize
the importance of the })rinciple involved in the construction
oi the sectional steam-boiler. flis eldest son, John Cox
Stevens, was in Great Britain in the year 1805, and, while
there, patented another modification of this type of boiler.
In his specification, he details botl1 the method of construc
tion and tl�e principles ,vhich determine its form. He says
that he describes this invention as it ,vas made known to
hirn by his father, and adds :
" From a series of experiments made in 11'ran�e, in 1790,
by M. Belamour, under the ausp�ces of the Royal Academy
of Science�, it has been found that, within a certain range,
the elasticity of steam is nearly doubled by· every addition
of temperature equal to 30° of Fahrenheit's thermometer.
These experiments were carried no higher than 280°, a�
which temperature the elasticity of steam ,vas found equal
to about four times the pressure of the atmosphere. By
experiments ,vhich have lately been made by myself, the
elasticity of steam at the temperature of boiling oil, ,vhich
has been estimated at about 600°, was found to equal 40
times the pressure of the atn1osphere.
"To the discovery of this principle or law, which ob
tains ,vhen water assumes a state of vapor, I certainly
can lay no claimn; but to the application of it, upon certain
principles, to the improvement of the steam-engine, I do
claim exclusive right.
"It is obvious that, to derive advantage from an ap
plication of this principle, it is absolutely necessary that
the vessel or vessels for generating stea1n should have
strength sufficient to ,vithstand the ·great pressure fro1n an
increase of elasticity in the steamn; but this pressure is in
creased or diminished in proportion to the capacity of the
containing vessel. The principle, then, of this invention
consists in forining a boiler by means of a system, . or com
bination of a number of small vessels, instead of using, as
in the usual mode, one large one ; the relative strength of
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the materials of which· these vessels are composed increas
ing in proportion to t�e diminution of capacity. It will
readily occur that there . are an infinite variety of possible
modes of effecting such combinations ; but, from the nature
of the case, there are certain limits beyond which it becomes
impracticable to carry on improvement. · In the boiler I am
about to describe, I apprehend that the improvement is car1ied to the utmost extent of which the principle is capable�
Suppose a plate of brass of one foot square, in which · a
number of holes are perforated ; into each of which holes is
fixed one end of a copper tube, of about an incl1 in diam
eter and t�o feet long ; and the other ends of these tubes
inserted in like manner into a similar piece of brass ; the
• tubes, to insure their tightness, to be cas in the platese;
these plates are to be inclosed at each end of the pipes by
a strong c·ap of cast-iron or brass, so as to leave a space of
an inch or two between the plates or ends of the pipes and
the cast-iron cap at each end ; the caps at each end are to
be fastened by screw-bolts passing through them into the
plates ; the necessary supply of water is to be injected by
means of a forcing-pump into the cap at one end, and
through a · tube inserted into the cap at the other end the
steam is to be conveyed to the cylinder of the steam-engine ;
the whole is then to be encircled in brick-work or masonry
in the usual manner, placed either horizontally or perpon'
dicularly, at option.
· " I conceive that the boiler above described embraces
the most eligible mode of applying the principle before
mentioned, and that it is unnecessary to give descriptions
of the variations in form and construction that may be
adopted, especially as these forms may be diversified in
1nany different modes."
Boilers of the character of those described in the speci
fication given above were used on the locomotive built by
John Stevens in 1824-'25, and one of them remains in the
collections of the Stevens Institute of Technology.

'
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The use of such a boiler 70 'years ago is even more re
markable than the adoption of the screw-propeller, in such
excellent proportions, 30 years before the labors of Smith
and of Ericsson brought the scre-\V into general use ; and
we have, in this strikingly originaln·combination, as good
evidence of the existence of unusual engineering talent in
this great engineer as ,ve found of his political and states
manlike ability in his efforts to forward the introduction of
1·ail,vays.
Colonel John Stevens designed a peculiar form of iron
clad in the year 1812, which has been sh1ce 1·eproduced by
no less distinguished and successful an engineer than the
late John Elder, of Glasgo,v, Scotland. · It consisted of a
saucer-shaped hull, carrying· a heavy battery, and plated
,vith iron of ample thickness to resist the shot fired from
the heaviest ordnance then kno,vn. This vessel ,vas secured
to a swivel, ancl ,vas anchored in the channel to be defended.
A set of screw-propellers, driven by steam-engines, and sit
uated beneath the vessel, ,vhere they were safe against
injury by shot, ,vere so arranged as to permit the vessel to
be rapidly revolved about its centre. As each gun was
brought into line of fire, it was discharged, and vras then
reloaded before coming around again. This
,vas probably
·
.
.
the earliest embodiment of the now ,vell-established " Monitor" principle. It was probably the first iron-clad ever
designed. It has recently been again brought out and in�
troduced into the Russian navy, and is -there called the
" Popoffka."
r.rhe first of Stevens's boats performed so well, that he
immediately built another one, using the same engine as
before, but employing a larger boiler, and propelling the
vessel by twin sci·ews, the latter being another instance of
his use of a device brought forward long �fterward as new,
and frequently adopted. This boat was sufficiently success
ful to prove the practicability of making steam-navigation a
commercial success ; and Stevens, assisted by his sons, built
0

'
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a boat which

he named the "Phrenix," and made the first
trial in 1807, but just too late to anticipate Fulton. This
boat ,vas _ndriven by paddle-wheels.
The Phcenix, being shut out of the waters of the State
of Ne,v York by the - 1nonopoly held by Fulton and Liv-

F10. SO.-Stevens's

--,
":-"'::"'"
\.""'"'-'<,<:.'

Twin-Screw Steamer, 1S0o.

ingston, was used for a time between Ne,v York and New
Bruns,vick, and then, anticipating a better pecuniary return, ·
it was concluded to send her to Philadelphia, to ply on the
Delaware.
At that time no canal offered the opportunity to make
an inland passagen; and in June, 180�, Robert L. Stevens,
a son of John, started ,vith her to make the passage byn.sea.
Althougl1 meeting a gale of ,vind; he arrived at Philadel�
· phia safely, having been the first to trust himself on the ,
open sea in a vessel 1·elying entirely upon steam-po,ver.
From this time forward the Stevenses, father and sons,
continued to construct steam-vessels ; and, after the break
. ing down of the Fulton monopoly by the courts, they buil�
tl1e most successful steamboats that ran on the Hudson
River.
After Fulton and Stevens had thus led the way, steamnav_ig�tion was introduced very rapidly on both sides of the
ocean ; and on the Mississippi the number of boats set afloatn.
was soon large enough to fulrlll Evans's prediction .that the
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navigation of that river would ultimately be effected by
steam-vessels.
The changes and improvements ,vhich, during the 20
years succeeding the time of Fulton and of John Stevens,
gradually led to the adoption of the · now recognized type
of- " American river-boatn" and its steam-engine, were prin
cipally made by that son of the senior Stevens, who has
already been mentioned-ROBERT L. STEVENS-and who
became kno,vn later as the designer and builder of the first
well-planned iron-clad ever constructed, the Stevens Bat-.
tery. l\iuch of his best work was done during his father's
lifetime.

Robert L. Stevens.

He made many extended and most valuable, as well
as interesting, experiments on ship-propulsion, expe!}ding
much time and large sums of money upon them ; and many
years before they became generally understood, he had ar-
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rived at a knowledge not only of the laws governing the
variation of resistance at excessive speeds, but he had de
termined, and had introduced into his practice, those f orn1s
of least resistance and those graceful water-lines ,vhich have
only recently distinguished ,the practice of other snccessfu�.
'··
naval architects.
Referring to his invaluable services, P1·esident l{ing,
who seems t·o have been the first to thoroughly appreciate
the immense amount of original invention and the surpris
ing excellence of the engineering of this family, in a lecture
delivered in Ne,v York in 1851, gave, for the first time, a
connected and probably accurate description of their work,
upon which nearly all later accounts have been based.
Young Stevens began working in his fatl1er's machine
sp.op in 1804 or 1805, when a mere· boy, and thus acquired
at a very early age that familiarity with p1�actical details of
work and of business which is_ essential to perfect success.
It was he who introduced the now common " hollow water
linet" in the Phrenix, and thus anticipated the claims of the
builders of the once famous '' Baltimore clippers," and of
In. the
the inventors of the " .wave-linet" form of vessels.
.
same vessel he adopted a feathering· paddle-wheel and the
guard-bea1n now universally seen in ou1· river steamboats.
· As usually constructed, this arrangement of float is as
sho,vn in Fig. 87. The rods, FF, connect the eccentrical
ly-set collar, G, carried on H, a pin mounted on the paddle
bea1n outside the
. wheel, 'or an eccentric secured to the
vessel, ,vith the shoi·t arms, D D, by which the paddles are
turned upon the pins, EE. A is the centre of the paddle
wheel, and O O are arms. Circular hoops, or bands, con�
nect all of the arms, each of ,vhich carries a float. They
are all thus tied together, forming a very firm ancl power
£ul combination to resist external forces.
The steamboat Philadelphia was built in the year 1813,
and the young naval architect took advantag� of the oppor
tunity to introduce sever�l ne,v devices, including screw-
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bolts in place of tree•nails, and diagonal knees of wood and '
of iron. Two yea1·s later he altered the engines of this boat,
and a1·ranged them .t o work steam expansively. A little
later he commenced using anthracite coal, which had been
discovered in 1791 by Philip Ginter, and introduced at
Wilkesbarre, Pa., in the smith-shops, some years bef01·e the
Revolution. , It had been used in a peculia:r grate devised by
Judge Fell, of that town, in 1808. Oliver Evans also had
used it in stoves even earlier than · the latter date, and at

...

FIG,

87.-Tbe Feathering Paddle-Wheel.

about the same time it had been used in the blast-furnace ··
at Kingston; Stevens was the first of whom we have rec�
ord who ,vas thoroughly successful in using, as a steam-coal,
the new and al1nost unmanageable fuel. He fitted up the
1

Bishop.
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boiler of the �teamboat Passaic for it in 1818, and adopted
anthracite as a steaming-coal. He used it in a cupola-fur
nace in then· same year, and its use then rapidly became gen
eral in the Eastern States.
Stevens continued his worl{ of improving the beam-en
gine for many years. 1-Ie designed the no,v universally-used
" skeleton-beam," which is one of the characteristic features
of the American engine, and placed the first example of this
light and elegant, yet strong, construction on the steamer
Hoboken in the year 1822. He built the Trenton, ,vhich was
then considered an extraordinarily powerful; fast, and hand
some vessel, t,vo years afterward, and placed the t,vo boilers
on the guards�a custom which is .still general on the i·iver
steamboats of the Eastern States. In this vessel he also
adopted the plan of making then·paddle-,vheel floats in t,vo
parts, placing one above the other, and securing the upper
half on 'the for,vard and the lower half on the after side of
the arm, thus obtaining a smoother action of the wheel,
and less loss by oblique pressures.
I n 1827 he built the North America (Fig. 88), one of
his largest at1d most successful steamers, a vessel fitted ,vith
a pair of engines each 44¼ inches in diameter of cylinder
and 8 feet stroke of piston, making 24 revolutions per min
ute, driving the boat 15 to 16 miles an hour. Anticipating
difficulty in keeping the long, light, shallo,v vessel in shape
when irregularly laden, and when steaming at the high
speed expected to pe obtained ,vhen her powerful engine
,vas exerting its maximum effort, he adopted the exped'ient
of stiffening the hull by means of a truss of simple form.
This proved thoroughly satisfactory, and the " hog-f1·ame,"
· as it has since been inelegantly but universally called, is
still one of the peculiar features· of every American river
steamer of anyn.considerabl� size. It was in the North
America, also, that he first introduced the artificial blast
for forcing the fires, which is still another detail of now
usual practice.·
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Stevens next turned _ l1is attention to the engine again,
and adopted spring bearings under the paddle-shaft of the
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Ne'\\T Philadelphia in 1828, and fitted the steam-cylinder
with the ''ndouble-poppet" valve, which is now universally
used on beam-engines. This consists of two disk-valves,
connected by the valve-spindle. The disks are of unequal
sizes, the smaller passing through the seat of the larger.
When seated, the pressure of the steam is, in the steam
valve, taken on the upper side of the larger and the lower
side of the smaller disk, thus producing a partial balancing
of the valve, and rendering it easy to ,vork the heaviest en
gine by the hand-gear. The t,vo valve-seats are formed in
the top and the bottom, respectiv�ly, of the steam-passage
leading to the cylinder ; and ,vhen the ·valve is 1·aised, the
steam entersn.at the top and the bottom · at the same time,
and the t,vo currents, uniting, flo,v together into the steam
cylinder. The same form of valve is used as an exhaust
valve.
At about the same time he built the now standard form
of return tubular _ boilers for moderate pressures. In tl1e
figure, S is the steam and W the water space, and F the
furnace. The direction of the currents of smoke and gas
are shown by the arrows.
4

s

Fro. 89.-Stevcns's Return Tubul111· Boller, 1882.

Some yea1·s later (1840), Stevens commenced. using
steam-packed pistons on the Trenton, in which stea1n was
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admitted by self-adjusting valves behind the metallic pack
ing-rings, setting them out inore effectively than did the
steel springs then (and still) usually employed.
His pistons, thus fitted, ,vorked well for many years. A
set of the small brass check-valves used in a piston of this
' kind, built by Stevens, and preserved in tl1e cabinets of the
Stevens Institute of Technology, are good evidence of tl\e
ingenuity and excellent ,vo1·kmanship which distinguished
the machinery constructed under the direction of this great
•
engineer.
The no,v familiar " Stevens cut-off," a peculiar device
for securing the expansion of steam in the · steam-cylinder,
was the invention (1841) of Robert L. Stevens and a nephew,
who inherited the same constructive talent ,vhich distin
guished the first of these great men-J\1r. Francis B. Ste
vens. In this form of valve-gear, the steam and exhaust
valves are independently worked by separate eccentrics, the
latter being set . in the usual manner, opening and closing
the �xhaust-passages just before the crank passes its centre.
The steam-eccentric is so placed that the steam-valve is
opened as usual, but closed when but about one-half the
stroke has been made. r.rhis result is accomplished by giv
ing the eccentric a greater throw than
C
is i·equired by the motion of the valve,
and permitting it to move through a
A -+--�r--+.:--t- e portion of its path ,vithout moving the
valve. Thus, in Fig. 90; if .A B be the
direction of motion · of.t.the eccentric
rod, the valve ,vould ordinarily open
D
Fio. 90.-Stevens's Valve• the steam-port when the eccentric asMotion.
sumes the position O 0, closing ,vhen
the eecentric has passed around to O .D. With the Stevens
valve-gear, the valve is opened when the eccentric reaches
0 E, and closes ,vhen it arrives at O F. The steam�valve
of the opposite end of the cylinder is open while the, eccen
tric is moving from O M to O I1. Between Kand E, and
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between F and M, both valves are seated. H B is propor
tional to the lift of the valve, and O H to the motion of
the valve-gear when out of contact with the valve-lifters.
While the crank is moving through an arc, E F, steam is
entering the cylinderi; from F to M the steam is expand
ing. At ]}f the stroke is completed, and the other stea1n. EJJ£ .
.
.
1s tI1e ratio of expansion.
val ve opens. The ratio
EL
This form of cut-off motion is still a very usual one,
and can be seen in nearly all steamers in the United States
not using the device of Sickles. It was at about this time,
also, that Stevens, having succeeded his father in the busi
ness of introducing the steam-engine in land-transportation,
as well as on the water, adopted the use of steam expansive
ly on the locomotives of the· Camden & Amboy Railroad,
which was controlled and built by capital furnished princi
pally by the l\Iessrs. Stevens. He at the same time con
structed eight-wheeled engines for heavy work, and adopted
anthracite coal as fuel. In the latter change he was thor
oughly successful, and the same improvement was made
with engines built for fast traffic in 1848.
The most remarkable of all the applications of steam
power proposed by Robert L. Stevens was that known as
the Stevens Steam Iron-Clad Battery. As has already been
stated, Colonel John Stevens had proposed, as early as 1812,
to build a circular or saucer-shaped iron-clad, like those
built 60 years later for the Russian Navy. Nothing was
done, however, although the son revived the idea in a modi
ned form 20 years afterward. In the years 1813-'14, the
,var with England being then in progress, he invented,
after numerous and hazardous experi1nents, an elongated
shell, to be fired from ordinary smooth-bored cannon. Hav
ing perfected this invention, he sold the secret to the
United States, after making experiments to prove their de
structiveness so decisive as to leave no doubt of the effi
cacy of sueh projectiles.
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As early as 1837 he had perfected a plan of an iron-clad
war-vessel, and in August, 1841, his brothers, James C. and
Edwin A. Stevens, representing Robert L., addressed a
letter to the Secretary of the Navy, proposing to build an
iron-clad vessel of high speed, with all its machinery below
the water-line, and having submerged screw-propellers.
The armament was to consist of the most powerful rifled
guns, loading at the breech, and provided with elongated
shot and shell. In the year 1842, having contracted to build
for the United States Government a large war-steamer on
this plan, which should be shot and shell proof, Robert L.
Stevens built a steamboat at Bordentown, for the sole pur
pose of experimenting on the forms and curves of propeller
blades, as compared with side-wheels, and continued his ex
periments for many months. After some delay, during
which l\'Ir. Stevens and his brothers were engaged with their
experiments and in perfecting their plans, the keel of an
iron-clad was laid down in a dry-dock which had been con
structed for the purpose at great cost. This vessel was to
have been 250 feet long, of 40 feet beam, and 28 feet deep.
The machinery was designed to furnish 700 indicated hor�e
power. The plating was proposed to be 4½ inches thick
the same thickness of armor as was adopted 10 years later
by the French for their comparatively rude constructions.
In 1854, such marked progress had been made in the
construction of ordnance that Mr. Stevens was no longer
willing to proceed with the original plans, fearing that,
were the ship completed, it might prove not invulnerable,
and might throw some discredit upon its designer, as well
as upon the navy of which it was to form a part. · The
work, which had, in those years of peace, progressed very
slowly and intermittently, was therefore stopped entirely,
the vessel given up, and in 1854 the keel of a ship of vastly
greater size and power was laid down. The new design
was 415 feet long, of 45 feet beam, and of something over
5,000 tons displacement. The thickness of armor proposed
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was 6¾ inches-2¼ inches thicker than that of the first
French and British iron-clads-and the machinery was de
signed by l\ilr. Stevens to be of 8,624 indicated horse-power,
driving twin-screws, and propelling the vessel 20 miles or
more an hour. As with the preceding design, the progress
of construction was intermittent and very slow. Govern
ment advanced funds, and then refused to continue the
work ; successive administrations alternately encouraged
and discouraged the engineer ; and he finally, cutting loose
entirely from all official connections, went on with the work
at his own expense.
The remarkable genius of the elder Stevens was well
reflected in the character of his son, and is in no way better
exemplified than by the accuracy with which, in this great
ship, those forms and proportions, both of hull and machin
ery, were adopted ,vhich are now, t,venty-five years later,
recognized as most correct under similar conditions. The
lines of the vessel are beautifully fair and fine, and are what
J. Scott Russell has called " wave-lines," or trochoidal lines,
such as Rankine has shown to be the best possible for easy
propulsion. The proportion of length to midship dimen
sions is such as to secure the speed proposed with a mini
mum resistance, and to accord closely with the proportions
arrived at and adopted by common consent in present
transoceanic navigation by the best-not to say radical_;_
builders.
The death of Robert L. Stevens occurred in April, 1856,
when this larger vessel had advanced so far toward comple
tion that the hull and machinery were practically :finished,
and it only remained to add the armor-plating, and to de
�ide upon the form of fighting-house and upon the number
and size of guns. The construction of the vessel, which had
proceeded slowly and intermittently during the years of
peace, as successive administrations had considered it neces
sary to continue the payment of appropriations, or had
stopped temporarily in the absence of any apparent imme-
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diate necessity for continuance of the work, was again in
terrupted by his death.
The name of Robert L.Stevens will be long remembered
as that of one of the greatest of American mechanics, the
most intelligent of naval architects, and a.s the first, and
one of the greatest, of those to whom we are indebted for
the commencement of the mightiest of revolutions in the
methods and implements of modern naval warfare. Ameri
can mechanical genius and engineering skill have rarely
been too promptly recognized, and no excuse will be re
quired for an attempt (which it is hoped may yet be made)
to place such splendid work as that of the l\Iessrs. Stevens
in a light which shall reveal both its variety and extent and
its immense importance.
While Fulton was introducing the steamboat upon the
waters of Ne,v York Bay and the Hudson River, and while
the Stevenses, father and sons, were rapidly bringing out a
fleet of steamers on the Delaware River and Bay, other
mechanics were preparing to contest the field with them as
opportunity offered, and as legislative acts authorizing mo
nopoly expired by limitation or were repealed.
About 1821, Robert L. 'fhurston, .John Babcock, and
Captain Stephen T. Northam, of Newport, R. I., com
menced building steamboats, beginning with a small craft
intended for use at Slade's Ferry, on an arm of Narragan
sett Bay, near Fall River. They afterward built vessels to
ply on Long Island Sound. One of their earliest boats was
the Babcock, built at Newport in 1826. The engine was
")uilt by Thurston· and Babcock, at Portsmouth, R. I.
They were assisted in their work by Richard San£ord, and
with funds by Northam. The engine was of 10 or 12
inches diameter of cylinder, and 3 or 4 feet stroke of pis
ton. The boiler was a form of " pipe-boiler," subsequently
(1824) patented by Babcock. The water used was injected
into the hot boiler as fast as required to furnish steam, no
water being retained in the steam-generator. This boat
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was succeeded, in 1827-'28, by a larger vessel, the Rush
light, for which the engine was built by James P. Allaire,
at New York, while the boat was built at Newport. r.rhe
boilers of both vessels had tubes of cast-iron. "fhe smaller
of these boats was of 80 tons burden ; it steamed from
Newport to Providence, 30 miles, in 3½ hours, and to New
York, a distance of 175 miles, in 25 hours, using 1¾ cord
of wood.1 Thurston and Babcock subsequently removed
to Providence, where the latter soon died. rJ'hurston con
tinued to build steam-engines at this place until nearly a
half-century later, dying in 1874. 2 The establishment
founded by him, after various changes, became the Provi
dence Steam-Engine \iVorks.
James P. Allaire, of New York, the West Point Iron
Foundery, at West Point, on the Hudson River, and Dan
Copeland, on the
iel Copeland and his son, Charles
Connecticut River, were also early builders of engines for
steam-vessels. Daniel Copeland was probably the first
(1850) to adopt a slide-valve working with a lap to secure
the expansion of steam. His steamboats were then usually
stern-wheel vessels, and were built to ply on several routes
on the Connecticut River and Long Island Sound. The
son, Charles W. Copeland, went to West Point, and while
there designed some heavy marine steam-machinery, and
subsequently designed several steam vessels-of-war for the
United States Navy. He was the earliest designer of iron
steamers in the United States, building the Siamese in 1838.
This steamer was intended for use on Lake Pontchartrain
and the canal to New Orleans. It had two hulls, was 110
feet long, and drew but 22 inches of water, loaded. The
two horizontal non-condensing engines turned a single
paddle-wheel placed between the two hulls, driving the
boat 10 miles an hour. The hull ,vas constructed of plateo

,v.

American Journal of Science, March, 1827; L<>ndon Meclianics' Mag
azine, June 16, 1827.
' " New Universal Cyclopredia," vol. iv., 1878.
1
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of iron 10 feet long, formed on blocks after having been
heated in a furnace constructed especially for the p�rpose.
The frames were of T-iron, which was probably here used
for the first time. The same engineer, associated with Sam
uel Hart, a well-known naval constructor, built, in 1841, for
the United States Navy, the iron steamer Michigan, a war
vessel intended for service on the great northern lakes.
This vessel is still in service, and in good order. The hull
is 162½ feet in length, 27 feet in breadth, and 12½ feet in
depth, measuring 500 tons. The frames were made of
T-iron, stiffened by reverse bars of L-iron. The keel-plate
was i inch thick, the bottom plates f, and the sides -h inch.
The deck-beams were of. iron, and the vessel, as a whole,
was a good specimen of iron-ship building.
During the })eriod from 1830 to 1840, a considerable
number of the now standard details of steam-engine and
steamboat construction were devised or introduced by Cope
land. He was probably the first to use (on the Fulton, 1840)
an independent engine to drive the blowing-fans where an
artificial draught was required. He made a practice of
fitting his steamers ,vith a "bilge-injection," by means of
which the vessel could be freed of water, through the con
denser and air-pump, when leaking seriously ; the condens
ing-water is, in such a case, taken from inside the vessel,
instead of from the sea. This is probably an American de
vice. It was in use in the United States previously to 1835,
as was the use of anthracite coal on steamers, which was con
tinued by Copeland in manufacturing and in air-furnaces, as·
well as on steamboats. He also modified the form of Stevens's
double-poppet valve, giving it such shape that it was com
paratively easy to grind it tight and to keep it in order.
· In 1825, James P. Allaire, of New York, built com
pound engines for the Henry Eckford, and subsequently
constructed similar engines for several other steamers, one
of which, the Sun, made the trip from New York to Albany
in 12 hours 18 minutes. He used steam at 100 pounds
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pressure. Erastus W. Smith afterwa1·d introduced this
form of engine on the Great Lakes, and still later they were
introduced into British steamers. The machinery of the
steamer Buckeye State was constructed at the Allaire
Works, New York, in 1850, from the designs of John
Baird and Erastus W. Smith, the latter being the design
ing and constructing engineer. The steamer was placed
on the route between Buffalo, Cleveland, and Detroit, in
1851, and gave most satisfactory r�sults, consuming less
than two-thirds the fuel required by a similar vessel of the
same line fitted with the single-cylinder engine. The steam
cylinders of this engine were placed one within the other,
the low-pressure exterior cylinder being annular. They
were 37 and 80 inches in diameter respectively, and the
stroke was 1 1 feet. Both pistons were connected to one
cross-head, and the general arrangement of the engine was
similar to that of the common form of beam-engine. The
steam-pressure was from 70 to 75 pounds-about the maxi
mum pressure adopted a quarter of a century later on trans
atlantic lines. This steamer was of high speed, a� well as
economical of fuel.
In the year 1830, there were 86 steamers on the Hudson
River and in Long Island Sound.
During the early part of the nineteenth century, the
introduction of the steamboat upon the waters of the great
rivers of the interior of the United States was one of the
most notable details of its history. Inaugurated by the
unsuccessful experiment of Evans, the building of steam
boats on those waters, once commenced, never ceased ; and
a generation after Fitch's burial on the shore of the Ohio,
his last wish-that he might lie " where the song of the
boatman would enliven the stillness of his resting-place, and
the music of the steam-engine soothe his spirit•"-,vas ful
filled day by day unceasingly.
Nicholas J. Roosevelt was, as has been already stated,
the first to take a steamboat down the great rivers. His
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boat was built at Pittsburgh in 1811, under an arrangement
with Fulton and Livingston, from Fulton's plans. It was
called the "Ne\\r Orleans," was of about 200 tons burden,
rand was propelled by a stern-wheel, assisted, when the
winds ,vere favorable, by sails carried on two masts. The
hull was 138 feet long, 30 feet beam, and the cost of the
whole, including engines, was about $40,000. The builder,
,vith his family, an engineer, a pilot, and six " deck-hands,"
left Pittsburgh in October, 1811, reaching Louisville in 70
hours (steaming about 10 miles an hour), and New Orleans
in 14 days, steaming from Natchez.
The next steamers built on Western waters were proba
bly the Comet and the Vesuvius, both of which were in
service some time. The Comet was finally laid aside, and
the engine used to drive a mill, and the Vesuvius ,vas de
stroyed by the explosion of her boilers. As early as 1813
there were two shops at Pittsburgh building steam-engines.
Steamboat-building now became an important and lucrative
business in the Westn; and it is stated that as early as 1840
there were a thousand steamers on the l\ilississippi and its
tributaries.
In the "\Vashington, built at Wheeling, Va., in 1 816,
under the direction of Captain Henry J\11. Shreve, the boil
ers, which had previously been placed in the hold, were
carried on the main-deck, and a " hurricane-deck" was
built over them. Shreve substituted two horizontal direct
acting engines for the single upright engine used by Ful
ton, drove them by high-pressure steam ,vithout conden
sation, and attached them, one on each side the boat, to
cranks placed at right angles. He adopted a cam cut-off
expanding the steam considerably, and the flue-boiler of
Evans. At that time the voyage from New Orleans to
Louisville occupied three ,veeks, and Shreve was made the
subject of many ,vitticisms ,vhen he predicted that the time
would ultimately be shortened to ten days. It is now made
in four days. The Washington was seized at New Orleans,·
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in 1817, by order of Livingston, who claimed that his rights
included the monopoly of the navigation of the l\:Iississippi
and its tributaries. The courts decided adversely on this
claim, and the release of the Washington was the act which
removed every obstacle to the introduction of steam-navi
gation throughout the United States.
The first stearner on the Great Lakes ,vas the Ontario,
built in 1816, at Sackett's Harbor. Fifteen years later,
Western steamboats had taken the peculiar form which has
since usually distinguished them.
The use of the steam-engine for ocean-navigation kept
pace with its introduction on inland waters. Begun by
Robert L. Stevens in the United States, in the year 1808,
and by his contemporaries, Bell and Dodd, in Great llritain,
it steadily and rapidly advanced in effectiveness and i1npor
tance, and has no,v nearly driven the sailing fleet from the
ocean. Transatlantic steam-navigation began ,vith the voy
age of the An1erican steamer Savannah from Savannah, Ga.,
to St. Petersburg, Russia, via Great Britain and the North
European ports, in the year 1819. Fulton, not long before
his ·death, planned a vessel, which it was proposed to place
in service in the Baltic Sea ; but circumstances compelled a
change of plan finally, and the steamer ,vas placed on a
line bet,veen Newport, R. I., and the city of New York ;
and the Savannah, several years later, made the voyage then
proposed for Fulton's ship. The Savannah measured 350
tons, and was constructed by Crocker & Fickett, at Corlears
Hook, N. Y. She was purchased by Mr. Scarborough, of
Savannah, who placed Captain Moses Rogers, previously in
command of the Clermont and of Stevens's boat, the Phre
nix, in charge. 'l"'he ship was fitted with steam-machinery
and paddle-,vheels, and 8ailed for Savannah April 27, 1819,
making the voyage successfully in seven days. From Sa
vannah, the vessel sailed for Liverpool l\:fay 26th, and ar
rived at that !)Ort June 20th. During this trip the engines
were used lB days, and the re1nainder of the voyage was
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made under sail. From Liverpool the Savannah sailed,
July 23d, for the Baltic, touching at Copenhagen, Stock
holm, St. Petersburg, and other ports. At St. Petersburg,
Lord Lyndock, who had been a passenger, was landed ; and,
on taking leave of the commander of the steamer, the distin
guished guest presented him with a silver tea-kettle, suita
bly inscribed with a legend referring to the importance of
the event which afforded him the opportunity. The Savan
nah left St. Petersburg in November, passing New York
December 9th, and reaching Savannah in 50 days from the
date of departure, stopping four days at Copenhagen, Den
mark, and an equal length of time at Arundel, Norway.
Several severe gales were met in the Atlantic, but no serious
injttry was done to the ship.
The Savannah was a full-rigged ship. The wheels
were turned by an inclined direct-acting low-pressure en
gine, having a steam-cylinder 40 inches in diameter and 6
feet stroke of piston. The paddle-wheels were of ,vrought
iron, and were so attached that they could be detached and
hoisted on board when it was desired. After the return of
the ship to the United States, the machinery ,vas removed
and was sold to the Allaire Works, of New York. The
steam-cylinder was exhibited by the purchasers at the
" World's Faire" at New York thirty years later. The ves
sel was employed, as a sailing-vessel, on a line between
Ne,v York and Savannah, and was finally lost in the year
1822. Under sail, with a moderate breeze, this ship is said
to have sailed about three knots, and to have steamed five
knots. Pine-,vood was used as the fuel, which fact accounts
for the necessity of making the transatlantic voyage partly
under
. sail.
Renwick states that another vessel, ship-rigged and
fitted with a steam-engine, was built at New York in 1819,
to ply between New York and Charleston, and to New Or
leans and Havana, and that it proved perfectly successful
as a steamer, having good speed, and proving an excellent

•
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sea-boat. The enterprise was, however, pecuniarily a fail
ure, and the vessel was sold to the Brazilian Government
after the removal of the engine. In 1825 the steamer En
terprise made a voyage to India, sailing and steaming as
the weather and the supply of fuel permitted. The voyage
occupied 47 days.
Notwithstanding these successf1;1l passages across the
ocean, and the complete success of the steamboat in rivers
and harbors, it was asserted, as late as 1838, by many who
were regarded as authority, that the passage of the ocean
by steamers was quite impracticable, unless possibly they
could steam from the coasts of Europe to Newfoundland or
to the Azores, and, replenishing their coal-bunkers, resume
their voyages to the larger American ports. The voyage
was, however, actually accomplished by two steamers in
the year just mentioned. These were the Sirius, a ship of
700 tons and of 250 horse-power, and the Great Western,
of 1,340 tons and 450 horse-po,ver. The latter was built
for this service, and ,vas a large ship for that time, measur
ing 236 feet in length. Her wheels were 28 feet in diame.
ter, and 10 feet in breadth of face. The Sirius sailed from
Cork April 4, 1838, and the Great Western from Bristol
April 8th, both arriving at New York on the same day
April 23d-the Sirius in the morning, and the Great West
ern in the afternoon.
The Great Western carried out of Bristol 660 tons of
coal. Seven passengers chose to take advantage of the op
portunity, and made the voyage in one-half the time usu
ally occupied by the sailing-packets of that day. Through
out the voyage the wind and sea were nearly ahead, and
the two vessels pursued the same course, under very simi
lar conditions. Arriving at New York, they were received
with the greatest possible enthusiasm. They were saluted
by the forts and the men-of-war in the harborn; the mer
chant-vessels dipped tl1eir flags, and the citizens assembled
on the Battery, and, coming to meet them in boats of all

288

THE · lIODERN STEAM-ENGINE.

kinds and ·sizes, cheered heartily. The newspapers of the
time were filled with the story of the voyage and with de
scriptions of the steamers themselves and of their machinery.
A fe,v days later the two steamers started on their re
turn to Great Britain, the Sirius reaching Falmouth safely
in 18 days, and the Great Western making the voyage to
Bristol in 15 days, the latter meeting with head-winds and
,vorking, during a part of the time, against a heavy gale
and in a high sea, at the rate of but two knots an hour. rrhe
Sirius ,vas thought too small for this long and boisterous
route, and ,vas ,vithdrawn and replaced on the line between
London and Cork, ,vhere the ship had previously been em
ployed. The Great '1Vestern continued several years in
the transatlantic trade.
rrhus these tw.o voyages inaugurated a transoceanic
steam-service, vvhich has steadily gro,vn in extent and in
importance. The use of steam-po,ver for this work of ex
tended oc·ean-transportation has never since been interrupt
ed. l)uring the succeeding six years the Great ,vestern
made 70 passages across the Atlantic, occupying on the
voyages to the west,vard an average of 15½ days, and east
ward 13½. The quickest passage to New York ,vas made
in l\iay, 1843, in 12 days and 18 hours, and the fastest
steaming ,vas logged 12 months earlier, when the voyage
from New York ,vas made in 12 days and 7 hours.
lVleantime, several other st.earners were built and placed
in the transatlantic trade. Among these ,vere the Royal
"\iVilliam, the British Queen, the President, the Liverpool,
and the Great Britain. The latter, the finest of the fleet,
,vas launched in 1843. This steamer was 300 feet long, 50
feet beam, and of 1,000 horse-:power. The hull was of iron,
and the whole ship was an example of the very best ,vork
of that time. After several voyages, this vessel went
ashore on the coast of Ireland, and there remained several
weeks, but ,vas finally got off, ,vithout having suffered se
rious injury-a re1narkable illustration of the stanchnes�

,·
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' of an iron hull when ,veil built and of good mater-ial. Tl1e
vessel ,vas repaired, and many years after,vard ,vas still
. afloat, and engaged in the transportation of passengers and
merchandise to Augtralia.
The " Cunard Line " of transatlantic steamers was es�
tablished in the year 1840. The first of the line-the Bri••
tannia-sailed from Liverpool fo1� Ne,v York, July 4th of
that· year, and was followed, on 1·egular sailing-days, by the
other three of the four ships ,vith which the company com
menced business. These four vessels had an aggregate ton
nage of 4,600 tons, and their speed ,vas less than eight
knots. To-day, the tonnage of a single vessel of the fleet
exceeds that . of the fourn; the total tonnage has risen to
many times that above given. There are 80 steamers in
the Jine, aggregating nearly 100,000 horse-po,ver. The
speed of the steamships of the present time is double that
of the vessels .of that date, and passages are not infre
quently made in eight days.
r.rhe form of steam-engine in most general use at this
time, on transatlantic steamers, was that kno,vn as tl1e
"side-lever engine." It ,vas first given the standard form
by lviessrs. Maudsley & Co., of . London, about 1835, and
. ,vas built by them for steamers supplied to the British Government for general mail service.
The steam-vessels of the time are well represented in
th� accompanying engraving (Fig. 91) of the steamship
Atlantic-a vessel ,vhich ,vas shortly afterward (1851) built
as tl1e pioneer steamer of the Ame1·ican " Collins IJine."
This stea�ship was one of several ,vhich formed the earliest
of American steamship-lines, and is one of the finest exam•·
pies of the type of paddle-steamers ,vhich ,vas finally super
seded by the later screw-fleets: Then" Collins Line" existed
but a very few years, and its failure was probably deter
mined as much by the evident and inevitable success of
screw-propulsion as by the difficulty of securing am.pie cap. ital, complete organization, and efficient general manage0
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· ment. This steamer was built at N e,v York-the • hull
by William Brown, and the machinery by the Novelty
Iron-Works. The length of tl1e hull was 276 feet, its
breadt� 45 feet, and the depth of l1old 31½ feet. The

• F10. 91.-'l'ho Atlantic, 1851.

width over the paddle-boxes was 75 feet. The ship meas
ured 2,860 tons. The form of the hull ,vas. then peculiar
in the fineness of its lines ; the bo,v ,vas sharp, and t1ie
stern fine and smooth, and the general outline such as best
adapted the ship for high speed. The main saloon ,vas
about 70 feet lo:Qg, and the dining�room was 60 feet in
length and 20 feet wide. The state-rooms were. arranged
on each side the diningn" saloon," and accommodated 150
passengers. These vessels were beautifully fitted up, and
with them ,vas inaugurated that wonderful system of pas. senger�transportation which has since always been <listin
guished by those comforts and conveniences which the
American traveler has learned to consider his by 1·ight.
'l,he machinery of these ships ,vas, for that time, re
markably po,verful and efficient. The engines ,vcre of the
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side-lever type, as illustrated in Fig. 92, ,vhich represents
the engine of . the Pacific, designed by l\i1r. · Charles W.
Copeland, and built by the Allaire Works. .
In this type of engine, as is seen, the piston-rod was
attached to a c1·oss-head working vertically, from which, at
each side, links, B 0, connected with the "side-lever,'�
.DEF. -The latter vibrated about a "main centre " at E,
like the overhead beam of the more common f orin of en
gh1e ; from its other end, a " connecting-rod;" H, led to the

Fro. 92.-The Side-Lever Engine, 1849.

" cross-tail/' W, which ,vas, in turn, connected to the crankpin, L· The condenser, M, and air-pump, Q, were con
structed in the same manner as those of other engines, their
only peculiarities being such as were incident to th.eir location bet,veen the cylinder, A, and the crank, IJ. The
•
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paddle-,vheels ,vere of the common " radial" form, covered
in by paddle-boxes so. strongly built that they ,vere rarely
injured by the heaviest seas.
These vessels surpassed, for a time, all other sea-going
steamers in speed and comfort, and made their passages
,vith great regularity. The mi�imum length of voy
,vas 9 days 19
age of the Baltic and Pacific, of this line,
.
.
hours.
During the latter part of the period the history of which
has been here given, the marine steam-engine . becan1e sub
ject to very marked changes in type and in details, and a
complete revolution ,vas effected in the method of propul
sion. This change. has finally 1·esulted in the universal
adoption of a ne,v propelling instrument, and in driving the
,vhole fleet of paddle-steamers from the ocean. 'fhe Great .
Britain was a scre,v-steamer.
'11 he scre,v-propeller, ,vhich, as has been stated, ,vas
J)robably first proposed by Dr. Hooke in 1681, and by Dr.
Bernouilli, of Groning·en, at about the middle of the eigh
teenth century, and by vVatt ii1 1784, was, at the end of the
century, tried experimentally in the Unitecl States by David
Bushnell, an ingenious Amei'ican, who ,vas then conducting
the experiments with torpedoes ,vhich ,vere the cause of the
incident ,vhich originatedn·that celebrated ·song by Francis
Hopkinson, the "Battle of the l{egs," using the scre,v to .
propel one of his submarine boats, and by John Fitch, and
by Dallery in France.
Bramah, of Great Britain, May 9, 1785, patented
Joseph
•
a scre,v-propeller identical in generaln· arrangement ,vith
those used to-day. His sketch exhibits a scre,v, apparently
of very fair shape, carried on an horizontal shaft, ,vhich
passes out of the vessel through a stuffing-box, the s�rew
being ,vholly submerged. Bramal1 does not seem to have
put his plan in practice. It ,vas patented ag·ain in England,
also, by J.jttleton in 1794, and by Shorter in 1800.
John Stevens, 110,vever, first gave the sere,v a practically
.
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useful form, and used it successfully, in 1804 and 1805, on the
single and the twin screw boats which he built at that time�
1,his propelling instrument was also tried by Trevithick,
who planned a vessel to be propelled by a steam-engine
driving a screw, at about this time, and his scheme was laid
before the Navy Board in the year 1812. His plans included
an iron hull. Francis Pettit Smith tried the screw also in
the year 1808, and subsequently.
Joseph Ressel, a Bohemian, proposed to use a screw in
the propulsion of balloons, about 1812, and in the year
1826 proposed its use for marine propulsion. He is said to
have built a screw-boat in the year 1829, at Trieste, ,vhich
he named the Civetta. The little craft met ,vith an acci
dent on the trial-trip, and nothing more was done.
The screw was finally brought into general use through
the exertions of John Ericsson, a skillful Swedish engineer,
who was residing in England in the year 1836, and of l\ifr.
F. P. Smith, an English farmer. Ericsson patented a pe
culiar form of screw-propeller, and designed a steamer 40
feet in length, of 8 feet beam, and drawing 3 feet of water.
The screw was double, two shafts being placed the one
within the other, revolving in opposite directions, and car
rying the one a right-hand and the other a left-hand
scre,v. These screws were 5¼ feet in diameter. On her
trial-trip this little steamer attained a speed. of 10 miles an
honr. Its power as a " tug " was found to be very satisfac
tory ; it towed a schooner of 140 tons burden at the rate of
7 miles, and the large American packet-ship Toronto ,vas
to,vcd on the Tharr1es at a speed of 5 miles an hour.
Ericsson endeavored to interest the British Admiralty
in his improvements, and succeeded only so far as to induce
the Lords of the Admiralty to make an excursion with him
on the river. No interest was a,vakened in the new system,
and nothing was done by the naval authorities. A note to
the inventor from Captain Beaufort-one of the party-was
received shortly afterward, in which it was stated that the

•
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excursionists had not found the performance of the little
vessel to equal their hopes and expectations. All the inter
ests of the then existing engine-building establishn.ents
were opposed to the innovation, and the proverbial conser
vatism of naval men and naval administrations aided in
procuring the rejection of Ericsson's plans.
Fortunately for the United States, it happened, at that
tiine, that we had in Great Britain both civil and naval rep
resentatives of greater intelligence, or of greater boldness
and enterprise. The consul at Liverpool was Mr. Francis
B. Ogden, of New Jersey, a gentleman who was somewhat
familiar with the steam-engine and with steam-navigation.
He had seen Ericsson's plans at an earlier period, and had
at once seen their probable value. He was sufficiently con
fident of success to place capital at the disposal of the in
ventor. 'l,he little screw-boat just described was built with
funds of which he furnished a part, and was named, in his
honor, the Francis B. Ogden.
Captain Robert F. Stockton, an officer of the United
States Navy, and also a resident of New Jersey, was in
London at the time, and made an excursion with Ericsson
on the Ogden. He was also at once convinced of the value
of the new method of application of steam-power to ship
propulsion, and gave the engineer an order to build two
iron screw-steamboats for use in the United States. Erics
son was induced, by Messrs. Ogden and Stockton, to take up
his residence in the United States. 1 The Stockton was sent
over to the United States in April, 1839, under sail, and
,vas sold to the Dela,vare & Raritan Canal Company. Her
name was changed, and, as the New Jersey, she remained
•
•
1n service many years.
The success of the boat built by
• Ericsson was so evident that, although the naval authorities remained inactive,
a private company was formed, in 1839, to work the patents
This distinguished inventor died o.t New York in 1889 (" Trans. .A.
S. M. E.," 1890).
1
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of F. P. Smith, and this " Ship-Propeller Companye" built
an experimental craft called the Archimedes, and its trial•
trip was made October 14th of the same year. The speed
attained was 9.64 miles an hour. The result was in every
respect satisfactory, and the vessel, subsequently, ma.de
many voyages from port to port, and finally circumnav
igated the island of Great Britain. The proprietors of
the ship were not pecuniarily successful in their venture,
however, and the sale of the vessel left the company a
heavy loser. The Archimedes was 125 feet long, of 21 feet
10 inches beam, and 10 feet draught, registering 232 tons.
The engines were rated at 80 horse-power. Smith's earlier
experiments (1837) were made with a little craft of 6 tons
burden, driven by an engine having a steam-cylinder 6
inches in diameter and 15 inches stroke of piston. The
funds needed were furnished by a London banker-Mr.
Wright.
Bennett Woodcroft had also used the screw experimentally as early as 1832, on the Irwell, near Manchester, Eng
land, in a boat of 55 tons burden. Twin-screws were used,
right and left handed respectively ; they were each two feet
in diameter, and were given an expanding pitch. The boat
attained a speed of four miles an hour.
Experiments made subsequently (1843) with this form of
screw, and in competition with the " truee" screw of Smith,
brought out very distinctly the superiority of the former,
and gave some knowledge of the proper proportions for
maximum efficiency. In later examples of the Woodcroft
screw, the blades were made detachable and adjustable-a
plan which is still a usual one, and which has proved to be,
•
•
1n some respects, very convenient.
When Ericsson reached the United States, he was almost
immediately given an opportunity to build the Princeton
a large screw-steamer-and at about the same time the
English and French Governments also had screw-steamers
built from his plans, or from those of his agent in England,
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the Count de Rosen. In these latter ships-the Amphion
and the Pomona-the first horizontal direct-acting engines
ever built were used, and they were fitted with double
acting air-pumps, having canvas valves and other novel
features. The great advantages exhibited by these vessels
over the paddle-steamers of the time did for screw-propul
sion what Stephenson's locomotive-the Rocket-did for
railroad locomotion ten years earlier.
Congress, in 1839, had authorized the construction of
three war-vessels, and the Secretary of the Navy ordered
that two be at once built in the succeeding year. Of these,
one was the Princeton, the screw-steamer of which the ma
chinery was designed by Ericsson. The length of this ves
sel was 164 feet, beam 30½ feet, and depth 21½ feet. The
ship drew from 16½ to 18 feet of water, displacing at those
draughts 950 and 1,050 tons. The hull had a broad, flat
floor, with sharp entrance and fine run, and the lines were
considered at that time remarkably fine.
The screw was of gun-bronze, six-b]aded, and was 14
feet in diameter and of 35 feet pitch ; i. e., ,vere there no
slip, the scre,v working as if in a solid nut, the ship would
have been d1·iven forward 35 feet at each revolution.
The engines were two in number, and very peculiar in
forme; the cylinder was, in fact, a senii-cylinder, and the
place of the piston-rod, as usually built, was taken by a vi
brating shaft, or " rock-shaft," which carried a piston of
rectangular form, and which vibrated like a door on its
hinges as the steam was alternately let into and exhausted
from each side of it. The great rock-shaft carried, at the
outer end, an arm from which a connecting-rod led to the
crank, thus forming a " direct-acting engine."
The draught in the boilers was urged by blowers.
Ericsson had adopted this method of securing an artificial
draught ten years before, in one of his earlier vessels, the
Corsair. The Princeton carried a XII-inch wrought-iron
gun. This gun exploded after a few trials, ,vith terribly
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disastrous results, causing the death of several distinguished
men, including members of the President's cabinet.
The Princeton proved very successful as a screw-steam
er, attaining a speed of 13 knots, and was then considered
very remarkably faHt. Captain Stockton, who commanded
the vessel, was most enthusiastic in praise of her.
Immediately there began a revolution in both civil and
naval ship-building, which progressed ,vith great rapidity.
The Princeton was the first of the screw-propelled navy
which has now entirely displaced the older type of steam
vessel. The introduction of the scre,v no,v took place with
great rapidity. Six steamers were fitted with Ericsson's
screw in 1841, 9 in 1842, and nearly 30 in the year 1843.
In Great Britain, France, Germany, and other European
countries, the revolution was also finally effected, and was
equally complete. Nearly all sea-going vessels built toward
the close of the period here considered were screw-steamers,
fitted with direct-acting, quick-working engines. It was,
however, many years before the experience of engineers in
the designing and in the construction and management of
this new machinery enabled them to properly proportion it
for the various kinds of service to which they ,vere called
upon to adapt it. Among other modifications of earlier prac
tice introduced by Ericsson was the surface-condenser with
a circulating pump driven by a small independent engine.
The screw was found to pos�ess many advantages over
the paddle-wheel as an instrument for ship-propulsion.
The cost of machinery was greatly reduced by its use ; the
expense of maintenance in working order was, however,
some,vhat increased. The latter disadvantage was, never
theless, much more than compensated by an immense in
crease in the economy of ship-propulsion, which marked
the substitution of the new instrun1ent and its impelling
machinery.
When a ship is propelled by paddles, the motion of the
vessel creates, in consequence of the friction of the fluid
21

I
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against the sides and bottom, a current of water which
flows in the direction in ,vhich the ship is moving, and
forms a current follo,ving the ship for a time, and finally
losing all n1otion by contact with the surrounding mass of
,vater. All the po,ver expended in the production of this
great stream i8, in the case of the paddle-steamer, entirely
lost. In screw-steamers, however, the propelling instru
ment works in this following current, and the tendency of
its action is to bring the agitated fluid to rest, taking up
and thus restoring, usefully, a large part of that energy
which would otherwise have been lost. The screw is also
completely covered by the ,vater, and acts with compara
tive efficiency in consequence of its submersion. The rota
tion of the screw is comparatively rapid and smooth, also,
and this permits the use of small, light, fast-running en
gines. The latter condition leads to economy of weight
and space, and consequently sav�s not only the cost of
transportation of the excess of weight of the larger kind of
engine, but, leaving so much more room for paying cargo,
the gain is found to be a double one. Still further, the
quick-running engine is, other things being equal, the most
econo1nical of steam ; and thus some expense is saved not
only in the purch:1se of fuel, but in its transportation, and
some · still additional gain is derived from the increased
amount of paying cargo which the vessel is thus enabled to
carry. The change here described was thus found to be
productive of enormous direct gain. Indirectly, also, some
advantage was derived from the greater convenience of a
deck clear from machinery and the great paddle-shaft, in
the better storage of the lading, the greater facility with
which the masts and sails could be fitted and used ; and
directly, again, in clear sides unencumbered by great pad
dle-boxes which impeded the vessel by catching both sea
and wind.
The screw was, for some years, generally regarded as
simply auxiliary in large vessels, assisting the Rails. Ulti-
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mately the scre,v became the essential feature, and vessels
were lightly sparred and were given smaller area.s of sail,
the latter becoming the auxiliary po,ver.
In November of the year 1843, the scre,v-steamer }Ii
das, Captain Poor, a small schooner-rigged craft, left New
York for China, on probably the first voyage of such length
ever undertaken by a steamer ; and in the following Jann
ary the Edith, Captain Lewis, a bark-rigged screw-vessel,
sailed from the same port for India and China. The }Ias
sachusetts, Captain Forbes, a screw-steamship of about 800
tons, sailed for Liverpool September 15, 1845, the first voy
age of an American transatlantic passenger-steamer since
the Savannah's pioneer adventure a quarter of a century
before. Two years later, American enterprise had placed
both screw and paddle steamers on the rivers of China
principally through the exertions of Captain R. B. Forbes
-and steam-navigation was fairly established throughout
the world.
On comparing the screw-steamer of . the present time
with the best examples of steamers propelled by paddle
wheels, the superiority of the former is so marked that it
may cause some surprise that the revolution just described
should have progressed no more rapidly. The reason of
this slow progress, however, was probably that the intro
duction of the rapidly-revolving screw, in place of the slow
moving paddle-,vhecl, necessitated a complete revolution in
the design of thf;ir steam-engines ; and the unavoidable
change from the heavy, long-stroked, low-speed engines
previously in use, to the light engines, with small cylinders
and high piston-speed, called for by the new system of pro
pulsion, was one that necessarily occurred slowly, and ,vas
accompanied by its share of those engineering blunders and
accidents that invariably take place during such periods of
transition. Engineers had first to learn to design such en�
gines as should be reliable under the then novel conditions
of screw-propulsion, and their experience could only be
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gained through the occurrence of many mishaps and costly
failures. The best proportions of engines and screws, for a
given ship, were determined only by long experience, al
though great assistance was derived from the extensive se
ries of experiments made with the French steamer Pelican.
It also became necessary to train up a body of engine-drivers
who should be capable of managing these new engines ; for
they required the exercise of a then unprecedented amount
of care and skill. Finally, with the accomplishment of
these two requisites to success must simultaneously occur
the enlightenment of the public, professional as well as
non-professional, in regard to their advantages. Thus it
happens that it is only after a considerable time that the
screw attained its proper place as an instrument of propul
sion, and finally drove the paddle-,vheel quite out of use,
except in shoal water.
Now our large screw-steamers are of higher speed than
any paddle-steamers on the ocean, and develop their power
at far less cost. This increased economy is due not only to
the use of a more efficient propelling instrument, and to
changes already described, but also, in a great degree, to
the economy which has followed as a consequence of other
changes in the steam-engine driving it. The earliest days
of screw-propulsion witnessed the use of steam of from 5
to 15 pounds pressure, in a geared engine using jet-conden
sation, and giving a horse-power at an expense of perhaps
7 to 10, or even· mo1·e, pounds of coal per hour. A little
later came direct-acting engines with jet-condensation and
steam at 20 pounds pressure, costing about 5 or 6 pounds
per horse-power per hour. The steam-pressure rose a littlei.
higher with the use of greater expansion, and the economy ·
of fuel was further improved. The introduction of the sur
face-condenser, which began to be generally adopted some
ten years ago, brought down the cost of power to from 3
to 4 pounds in the better class of engines. At about the
same time, this change to surface-condensation helping

STEAM-NAVIGATION.

301

greatly to overcome those troubles arising from boiler-in
crustation wl1ich had prevented the rise of steam-pressure
above about 25 pounds per square inch, and as, at the same
time, it was learned by engineers that the deposit · of lime
scale in the marine boiler was determined by temperature
rather than by the degree of concentration, and that all the
lime entering the boiler was deposited at the pressure just
mentioned, a sudden advance took place. Careful design,
good ,vork1nanship, and skillful management, made the sur
face-condenser an efficient apparatus ; a11d, the dangers of
incrustation being ·thus lessened, the movementi. to,vard
high�r pressures recommen_ced, and progressed so rapidly
that no,v 75 pounds per square inch is very usual, and
more than 125 pounds has since.ibeen atta.ined.
'l'he close of this period was marked by the construc
tion of the most successful types of paddle-stea1ners, the
co1nplete success of transoceanic steam-transportation, the
introduction of the screw-propeller and the peculiar engine
appropriate to' it, and, finally, a general improvement, which
had finally become marked both in direction and in rapidity
of movement, leading to,vard the use of higher steam
pressure, greater expansion, lighter and more rapidly-,vork
ing machinery, and decidedly better design and construc
tion, and the use of better material. The result of these .
changes ,vas s,een in economy of first cost an� n1aintena11ce,
a11d the ability to attain greater speed, and to assure greater
safety to passengers and less risk to cargo�
The introduction of the changes just noted finally led
to the last great change in the form of the marine steam
cngine, and a revolution ,vas inaugurated, ,vhich, however,
only became complete in the succeeding period. The non
success of Hornblower and • of Wolff, and others who had
attempted to introduce the " compoundi" or double-cylinder
engine on land, had not convinced all engineers that it
might not yet be 1nade a successful rival of the then stand
a1·d type ; and the three or four steau1ers ,vhich ,vere built
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for tl1e Hudson River at the end of the first quarter of the
nineteenth century are said to have been very successful
vessels. Carrying 75 to 100 pounds of steam in their boil
ers, the Swiftsure and her contemporaries \vere by that cir-·
cumstance ,vell fitted to make that for1n of engine economi- .
cally a success. This form of engine was built occasionally
during the succeeding quarter of a century, but only became
a recognized standard type after the close of the epooh to
the history of ,vhich this chapter is devoted. That latest
and greatest advance in the direction of increased efficiency
in the marine stea.m-engine was, ho,vever, comn1enced very
soon . after Watt's death, and its completion ,vas the work
of nearly a half-century.
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