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UNITED STATES PATENT OFFICE.

JAMES PILBROW, OF TOTTENHAM GREEN, ENGLAND, ASSIGNOR 70 CHARLES COLLINS. -

INJET REACTING ROTARY STEAM-ENGINE AND THE MANNER OF CONNECTING IT

'WITH MACHINERY TO BE PROPELLED.

Specification of Letters Patent No. 3,131, dated June 14, 1843.

To all whom it may concern :

Be it known that I, Jaams Prusrow, of
Tottenham Green, in the county of Middle-
sex, Iingland, engineer, and a subject of
the Queen of Great Britain, have invented
certain mew and useful Tinprovements in
Steam-Iingines or in the Application of
Steam or other Suitable Elastic or Aeri-

ferm Tluids to Produce Motive Power; .
which improvements, combined together, |

ferm a steam-engine characterized by me,

to distingish - its principles from thidse of |

other engines, as the “ Injet-Reaction Rota-
tory Engine,” and that the same is fully de-
sertbed and represented in the following
specification and accompanying drawings.
Wishing publicly to record the origin of
my discovery, I shall depart somewhat from
the usual form of specification, believing
that the results of my experiments will
create a great alteration in the application
¢f steam, and that my engine will entirely

~supersede those new in use. The properties

of steam have hitherto been considered of
that peculiar nature as to render it impossi-
tts full power’ and extreme
duty frem expansion, except by using it ac-
cording to the present system; that is, by
letting it into a hot or clese cylinder on a
piston and stopping its further entrance by
witting it off to allow it to expand., Feel-
ing however a strong vonviction that the
whele power- was to be cbtained by some
more simple means, than the present :costly
complicated and ponderous - machine. and
that a power so easily raised need not'be.so

laboricusly applied, I undertook a long se-.

ries -of experiments tc discover how this
might be done. I first commenced on the
most simple form of engine known to ‘us,
that of Hero’s, and ascertained the true
causes f its less of power, and found after
many inventions to obtain by this simple
machine the full power and duty from ex-
pansion, that-thcugh T cculd considerably
Increase its power by the form of arm shown
in Figure 1, Drawimg C, vet that I could
not obtain the whole duty from expansicn
and consequently that an engine cn this
principle could never be brought to com-
pete with Mr. Watts’ condensing engine.
“Phe failure however ¢f my plans {c obtain
-fﬁésé‘resnlts,.-disqlosed‘ to mie the remarkable

p

4

fact that a current of steam in rapid motion,
that is issuing from an orifice, loses almost
entirely that power of lateral expansion
which it possesses when cut off and alloweéd
to expand from a state of comparative rest.
When I had confirmed this phenomenon
by other experiments I was satisfied that
steam possessed an impulsive power of the
utmost efficiency entively different from
what had ever been supposed, for its fiill
expansive Torce not being given out laterally
must have gone somewhere, and as it could
only expand in the line of its issue I became

~acquainted with this new and singular prop-

erty of steam; that is possessed .in its' mere
veloeity alone a propulsive force from its
lineal expansibility, equal in power and
duty to the gross effect obtained when cut
oft and allowed to expand under the best
circumstances, I had next to transmit this
new principle of stenm power to machinery
with - the least possible loss from “friction,
and other deductions, by some engine as
simple‘as the principle and this I supplied
as hereinafter described. " But I wish frst
to show that there exists iri nature an'anal-
ogy between steam and’ water as moving
powers, when applied by their simiple ve-
lecity, that it may be seen how much more

‘in harmony with her laws is this discovery

than the present system of applying steam.

The two_great forces of the universe, pro-

ducing all motion, are attraction and vepul-

"sion, and. as motion is motion wherever

found, whether in steam, water, -0 ‘a can-
nen-ball, all motion must ‘be power, power
in proportion to the intensity of ‘motion.
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Water obeying the former law has been im-

memorially employed in its natural state to
give motion to machinery merely bv its ve-
lecity of gravitation. But no proper advan-

stage has ever been taken of the force 6f the

velocity of steamy, which, governed 1k all
elastic fluids by the latter law’ (repulsion),
issues at a speed infinitely exceeding that
of water, increasing in velecity in propor-
tion to the heat among its particles.. Yet it

95
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has been considered by all writers on the .

steam engine and on the properties of stean

that it possesses but a feeble power by emis:

sion, to turn a wheel. in comparison with
the quantity expended. But this error has
avisen only because no.one has ever thought

165




of ascertaining the fac¢t by actual experi-
mertt of a proper kind, and thus the extreme
force of the velocity of steam has remained
undiscovered to the present advanced state
of science. - Instead therefore of using

.steam with the same simplicity as water,

the power which steam possesses from ve-

" locity has hitherto been destroyed, the steam

~ being “cut off ” as it is called to allow it

10
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to expand from a staie of comparative rest.
Having thus departed from the simplicity
of nature a complication of beams, levers,
connecting rods, pistons, valves, eccentrics
and expansive gear, and vast cylinders of
ponderable matter became necessary to en-
able the steam to expand over large areas
of surface, merely to give back to the more
simple operations of nature, that power
which is taken from her by omplexity;
whereas by using it in.its more natural and
theréfore more simple state, precisely the

- same advintages may be obtained by ma-

25
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-chinery as cheap, simple and easy of. con-

struction as the water wheel. But, as in all
practical sciences there is only one way of

-obtaining the most beneficial results, I have

found that there is a great difference in the
duty of steam by the peculiar manner in
which it is applied by its velocity as is found
in effect in tﬁe application of water. I shall
therefore first describe a few experiments,

. being some of those which led to my in-

vention to show the accuracy required.

 The operation of Barker’s mill and of |

Hero’s emission engine is well known, and
though there is no resemblance between their
moving powers, the one acting by gravity

.the other by repulsion, there seems to be a

strict analogy between their results propor-
tioned to the power and velocity of each, so
that whether water or steam be used in the
following experiments; the modes of action
being similar, that of impulse or transfer-
ence of motion, ‘the operation and direction
of the arm will be thé same. And it will
be seen hereafter that I obtain by my appli-

_cation of the wvelocity of steam, the same
duty therefrom as is obtained by the best

- over-shot water wheel, namely a clear avail-

50

able effect of about two-thirds of the whole

" power of the steam employed, that is two-

thirds of .its power, and of its extreme duty

from expansion, the steam being expanded -

" in my application of it as low as the atmos-
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‘in con

phere in high pressure engines, and to the

vapor goint, or state of condenser vacuum

ensing engines; degrees of attenua-

tion which cannot be obtained by the pres-
ent gystem on account of the piston. A

Figs. 2, and 3, in Drawing C represent

dgrms on Hero’s principle attached in the

- " usual way to a hollow axle (e or %), sup-

(-1

plied with steam and having orifices at the
extremities (¢ and d). When used in the

usual way, the arms will revolve by un-

3,131

balanced pressure, in the direction of the
arrows (e and f). But when a flat plate is
attached to- the area, immediately before
the orifice (g Fig. 2), the steam will im-
pinge thereon and being broken up will

that the force of impingement equals that
of unbalanced pressure. If, however, a
cavity (A I'ig. 8), be fixed, instead of the
plate, opposite the orifice, at such an angle
that the injet of steam can be returned by
its reaction (¢) clear of the arm, without
impinging thereon the arm will revolve in
the contrary direction to that of the pre-
vious unbalanced pressure, and in the direc-
tion of the arrows (j), with more power

trlary way, previous to the cavity being fixed
thereon; proving that the cavity not only
received the same amount of impingement
as the flat plate (g Fig. 2,) received, (which
was shown to be at least equal to the un-
balanced pressure), but by this peculiar in-
jet and re-action or reissue of the steam, its
whole velocity was arrested, and the cavity
thus acquired another power of equal amount,
sufficient to overcome and carry around the
effect of unbalanced pressure only. But if
the steam on its reissue or reaction from the
cavity (A) is permitted to impinge at all
against the arm (d), the arm will then only
revolve in the direction of the arrow (j)
with diminished power in-proportion to the
amount of such impingemeént; and, if all the
steam on its reissue or reaction from the
cavity (%) is allowed by altering the angle
of the cavity to strike fully against the
arm {(d), the arm will then remain station-
ary, as when the flat plate (g Fig. 2,) was
used. When I had discovered how. this
double power was to be obtained by arvest-
ing and transferring the whole velocity of
the steam by suclt peculiar injet and its
clear re-action or reissue, and how its full
effect might be impaired, or wholly neutral-
ized as just described, I found myself pos-
sessed :0f a new method of applying the
power of steam by its velocity alone, and
this became the germ or principle of my
improvements in the steam engine; for to
carry it out I had only to invent such ma-
chinery as would give me this double power
in the same direction of motion without
deduction for the unbalanced pressure in
the experimental arm (d) to counteract the
full effect of the whole force of the velocity,
and also without loss of power from another

ment of steam against the back of the cavity
next in succession. The following therefore
is a_description of the engine and appara-
tus by which I propose to effect these ob-
jects, the drawings of my improvements in

steam engines being contained in eight

change its course as therein represented, and
the arm will become stationary, showing
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source, that of any back action or impinge- -
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‘sheets of drawings lettered A, B, C, D, E, T,

G, H.

Drawing A, Figs. 1, 4, represent sections
of a.case (a', ¢/, o/, a’), showing a wheel
(6") within the same which revolves therein,
together with the axle (¢). This case for
a high pressure engine may be made of cast
or sheet iron of sultable thickness to resist
the pressure of the atmosphere, caused by
a partial vacuum froni the rapid action of
the steam wheel. The whole of the inside I
prefer should be polished or made perfectly
smooth to prevent friction of the used steam
when it reissues from the cavities. For a

“condensing engine the case must be made

- strong enough to resist the atmospheric pres-
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sure,-at those parts where jets of steam are

admitted, and from thence to the eduction :

passage several cavities (d d) Fig. 1.
Drawings G and H should be made with or
attached to the inside circumference of the
case for the purpose of receiving the used
steam and returning the same into the cavi-
ties of the steam wheel and where a double
row of cavities are used around the steam
wheel, the rows of cavities on the case must
be reversed accordingly. These cavities
around the case must be placed in such a
position to the cavities of the steam wheel
that on the used steam issuing therefrom and
rushing into the cavities in the case, it may
be returned therefrom into the cavities on
the steam wheel, at the same: angle as that
at which the steam first issued from the jet
pipes, and the.used steam will then, as the
wheel revolves, be thrown ott at the educ-
tion passage (e). The course of the steam

through the. nozzles and cavities is denoted
in Drawings G and H-by arrows marked
‘thereon. :

The periphery of the steam wheel has a
series.of cavities formed:around it (as shown
by the dotted lines in Drawing A and at
¢y ¢’y ¢, Drawing H), for the reception of

one or mors jets of steam. :FEach of the

cavities represented in the wheel (6") Draw-

-ing A may be three quarters of an mich deep
‘-biv-one inch and a half long and half an inch

wide; these cavities being better shown on an
enlarged scale by Figs. 2.and 3 of Drawing
A, and"being made in the following. man-

Pieces of copper of suitable thickness are

-cut into dimensions of three and one-half

inches long by one inch and three-fourths
wide and bent in' the form described by ¢
% i Fig. 2, being from j to % two and one.
half inches long; from 7 to Z, half an inch;
and from 7 to #z half an inch long. 'When
a sufficient number to go around the cir-
cumference of a 'wheel are so bent they are

. to be united firmly together at 4, by. riveting

i1}

or otherwise, so as to make each cavity three-

- fourths.of an inch deep, and when so formed

allinround:for the periphery of the wheel,

each side is to be inclosed between rims of
copper, or-ircn, or other metal of suitable
thickness, in the following manner.

Two corresponding annular rims, each
about one inch wide are to be grooved at
o P ¢, the said groove being about one
eighth of an inch deep and of the precise
form of the cavities, in order that the mebal
composing the same may be accurately fitted
therein, this groove being shown in Fig. 3,

Drawing A. "One rim being thus fitted to-

each edge or side of the cavities around the
entire wheel, the whole may be securely
fastened together by screw bolts or rivefs
passing through each rim at the holes (ry7y)
Fig. 8, and with one such fastening at least
to each cayvity, to prevent-any steam passing
through the interstices therein.. The series

of cavities will then be complete and will

form the periphery of the wheel, and can be
attached to the nave by spokes or by a
plain disk; or a disk of the required
strength and size' of the wheel, can be cast
entire with ‘the proper grooves at each side
of the extreme circuniference (if for a
double row of buckets), or with only one
groove all around for a single row, and these
grooves'can afterward be cleared out, and the
cavities fixed therein and thus form a very

powerful and very cheap steam wheel. The

steam is admitted from the boiler by a pipe
(s) Fig. 1, Drawing A, sufficiently large to

keep fully supplied, the circular steam

chamber (¢), from which the steam passes
along its several passages or pipes (w, u, u,),
which pass through the periphery of the
case ' and terminate in nozzles of the re-
quired area and placed as near to the pe-
riphery of the wheel as they can be without
touching and to conform to the circle there-
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-of as shown at v, v, v, v, v. It is important -
“that each steam way to eacl nozzle or ori-

fice should be not less than 7 times the area - .

of such orifice.. Fig. 4, shows at ¢ thereof

a section of the steam chest (¢ in Fig. 1)-

110

cut through at the line w w, and shows also .

a section of the case and view of the steam-

wheel. The inside of the back of the steam
chest (¢ a Fig. 4) is ground true and smooth,

showing the outlets (b, b, b, b, b,) for the.

steam, which correspond with the steam
passages (u, u, ¥, u, %, in Fig. 1), Two
thirds of an annular plate of metal (¢ ¢ ¢
Fig. 4), ground to work true upon the sur-

face of @, a, is connected to the nave and

spindle (d Fig. 4), by the spokes ‘¢, e, e.
The end of the spindle which 1uns through

the nave of the said annular plate (¢ ¢ ¢),-

works in a bearing to keep it in.the center
as shown at @, in Fig. 1. This spindle runs
through the steam pipe to the fore part of
the boiler, if in.a locomotive engine, - and

115
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terminates in-a handle shown in Fig.' 5,10

enable the engineer to regulate the admis-

sion of the steam. Those passages Tepre-.

130
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sented by dotted circles (f, f, f, f; f, in Fig.
4) ‘are passages for the steam to reverse the
engine, whose entrances. are stopped by the
annular plate. The three passages shown
open (b, by b,), and the two passages rep-
resented by dotted circles (b 6 Fig. 4,) are
to propel the wheel one way and the other

five passages, represented by dotted circles I

(f, f f, I, f» Fig. 4) are_to reverse the
motion. :

The two passages shown by dotted circles
(b b Fig. 4), are intended to be opened as
auxiliary power if required to assist the
train up inclined planes. When the annular
plate is moved to (g g Fig. 4) all the-orifices
are closed, and the steam is entirely shut off
from the wheel, when moved farther to the
left the number of steam passages (f, f, f,
7, f,) opened on the opposite side for the
steam to reverse the wheel will be in pro-
portion to the space over which the annular

_plate is so turned to the left. The back of
- the steam chest is thus divided into 3 equal

25
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parts, of which five passages for steam to
‘propel- the wheel one way, occupy the first
part, five passages for steam to reverse it
occupy the second part, and the remaining
third is blank.

At the front part of the engine, the

handle when upright will shut off the steam T

entirely, as shown by the word “stop” in
Fig. 5, and will turn over a brass plate or
index, having marked thereon, on one side
I, II, III, 1V, V, according to the number
of steam passages to propel the wheel, and
on the opposite side I, II, III, IV, V, ac-

cording to the number of passages to reverse

~ the wheel; on the index also will be fixed
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two projecting studs 2, &, Fig. 3, which will
stop the handle and prevent the engineer
opening two opposite steam passages at the
same time. The lower part of Fig. 4, shows
the end view of a wheel having a double
row of cavities on its periphery and made
as before described, but placed in opposite
directions to each other, to enable the wheel
to be propelled either way according to the
direction in which the steam is admitted
through the passages in the steam chest (Z
Fig. 1,) as before described. If the steam.
be admitted through the passages (b, 6, D,
b,b),in Fig. 4 and (%, u, %, ¥, %, in F1g. 1),
the wheel will revolve in the dirvection of
the arrows ¥, ¥, ¥, as drawn in Figs. 1, and
4, and if admitted by the passages f, f, 1, f, f
in Fig. 4, (to the last hole of which the
nozzle z in Fig. 4, belongs), and of which
passages f, f, f, f, f, and the dotted lines in
Tig. 1, drawn near the letters w, u, u, ¥,
show the direction of the passages leading
from the steam chest, the wheel will revolve
the reverse way in the direction of the ar-
row j Fig. 4. "
" Drawing H exhibits the relative positions

of the cavities of a wheel and its case to-

3,181

gether with one of the steam nozzles or jgts,‘v

and the eduction passage; ¢’, ¢/, ¢’ being
the cavities of the wheel; d’, d’; 4, those of
the case, ¢ the induction pipe, and. f” the
eduction passage; the said Drawing H, rep-
resenting only a portion or part of a wheel
in which but one jet is used. '
As it is necessary to prevent the air from
entering the case, where the axle %, &, Fig. 4,
passes through ¢, and ‘it is desirable to
avoid the trouble of stuffing boxes, I .have
the outside of the nave of the steam wheel
ground true and flat and also that part of
the inner surface of the case which touches
it, and by the same effort with which the air

secks to enter the partial vacuum in the .

case, will the sides thereof be pressed against
the nave of the-wheel, and an air tight joint
be formed, which will always be self adjust-
ing and may be lubricated by small oil cups
fixed on the outside of the case. For tﬁe
purpose of forming such air tight joint, the.
steam case must be made of such a sub-
stance, as will be just pliable enough to yield
to the pressure of the atmosphere. But in
order that the surfaces of each may wear
equally at every part of contact, the circle
of revolution must be kept as small as pos-
sible, sufficient only for the object, other-
wise the attrition will not be the same at
every part; for the outer edge will revolve
over a larger surface than the center and

wear more the greater distance therefrom.-

But kept within proper limits my engine
will ‘possess a stuffing box of the utmost
efficiency with the least possible expenditure
of power, and one that requires no attention
to keep in order, for the longer the wear,
the more perfect will be the mutual adapta-
tion of surfaces.

The manner in which the before de-

scribed engine is set to work is as follows.
The engineer will turn the handle shown
in Fig. 5, and the steam will pass from the
the steam chest (¢ Fig. 1), through the pas-
sages u, U, u, (and the other two passages
u, 1, may also be opened to assist the engine
to start 1t found needful), in direction of the
arrows 7/, ¥, shown in Fig. 1, when the steam
will rush with its full power into the cavities
of the wheel and the whole of its velocity
be arrested thereby. These cavities must
be set at such an angle to its circumference
most favorable to propulsion, as will permit
the steam to reissue therefrom in the oppo-
site direction to its entrance, without strik-
ing against the back of the cavity next in
succession.

JPParticular attention

must be paid in in-

clining the cavities and in adapting and fix-

ing the jets of steam theréto to preserve that
particular angte, as will best effect this com-
bination. By this peculiar direction of the

injet of steam and its clear reaction or re-

issue, about double the effect is obtained to
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its mere impact or impingement against a
vane or flat surface; for all the velocity of
motion or Iimpulsive momentum of the
steam is thus arrested, and by this applica-
tion of it turned back, and the power so re-
quired to-totally change the direction of the
steam, is received in the cavities of my
wheel, which will revolve with all the avail-
able power of the steam and  its extreme
duty from expansion, in the direction of
the arrows v, v, Fig. 1. At starting and be-
fore 'the wheel has attained its allotted ve-
locity hereinafter described, the wheel will
be exceedingly powerful. It will not only

5 receive the full effect derived from the

velocity of the steam, but it will be set in

motion by the additional power of the used

steam, which will reissue from the cavities

of the wheel, and enter the cavities around

the case, from which it will again be re-
turned into the cavities of the wheel by
action and redction, and thus be used over
and. over again, until the wheel attains a

.velocity greater than what remains -in the

used steam or until it is thrown off by the
action of the wheel, and its centrifugal force,
in -the ‘direction of the arrows ¢ and 2
through the eduction passage (¢ and z),
which in a locomotive engine will form the

- blast pipe as shown in Fig. 1.
The figures in Drawinfg A, to which the

foregoing description refers are laid down
to a scale of two inches to a foot, and are
these proportions of my engine, which are
intended for a locomotive boiler, which
evaporates about 60 cubic feet of water an

 hour at 60 lbs. pressure on the square inch,

above the atmosphere. Such a steam wheel
revolving at 34,830 feet a minute at about
which velocity I prefer the periphery of

" my engine at such pressure to revolve, will,

45
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I think, give about the net actual power of

"one hundred and fifty three horses, after

deducting for loss by the velocity of the
steam wheel. And the same proportion of
parts and velocity are applicable for any
high pressure engine, on my principle, where

. the boiler evaporates the same quantity of’

water an hour at the same pressure. Three
jets of steam of the united area- of 2.37
square inches as shown in the drawings and
table hereinafter given, are sufficient to dis-

- charge such quantity.of water evaporated

55
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into steam per hour, the other two jets for
propelling or reversing being intended only
for auxiliary power; for if used continually
they would run off the steam’ too rapidiy
for such supply. . o

The velocity of the steam wheel may pro-
duce a partial vacuum even at the circum-
ference, in which case the steam would flow
with a greater-expansive velocity, and per-
haps render necessary some alteration in the
proper speed of the wheel, and in the table

of velocity hereinafter given; but practice
can alone determine this result with the re-
quired accuracy.

Though a boiler evaporate double or four

65

times the quantity of water an hour, the.

wheel itself need not be enlarged to turn it
to account. All that is required is an addi-
tional number of jets, whose united areas
shall be sufficient to discharge the steam for
the power required. These jets must be
placed around the wheel at the proper an-
gles described and additional cavities must
be attached to the steam case inside, to turn
back the motion of the steam in the direc-
tion of the wheel, and the eduction passage
must be then placed a little way after the
last jet of steam. I can thus increase a high
pressure engine on my principle and plan
to any power required from 100 progres-
sively to 1000 horses without increasing the
size or weight of the engine; and even in
condensing engines on my plan, the addi-
tional weight will not exceed ten tons for
the highest powers.
cavities being made of suitable strength and
the boilers proportioned to the power re-
quired, by the simple addition of more jets
of steam (one to every one or to every other
cavity if required), the power of the engine
may be increased to the extent desired. The
way of supplying the steam to the jets may
be varied by a belt or band of steam of suit-
able capacity to supply them, (ahd properly
clothed to. prevent condensation), surround-
ing the case, or it may be inside the case
and inside the wheel and the wheel revolve
around such belt of steam.in which case the
cavities on the periphery of the wheel must
be made angular and open at both ends, or
of'such other shape as will permit the steam
to enter at the inside of the wheel and be
discharged at the outside. T prefer however
the met%od described in the drawings.
Although T may prefer my steam wheel
to go at the velocity of 34,830 feet a minute
as given in the tables, yet it would be a great
gain to practical science to reduce the speed
of the wheel considerably below. one third
of the velocity of the steam, if it can be done

‘without losing *too much duty thereby.

Now I think that this important object may
be obtained, to a very great extent, even

probably-to the speed of the driving wheels:

themselves: I intend using:a case with

cavities all around the ciréumference or as -

many ~s may be found necessary, placed as
nearly as possible tangential to the circum-
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ference of the steam wheel, inclosed in such

case as shown in Drawing G at d, 4, d, &c.

The cavities in the case are made in the fol-

lowing way. The circumference @ a a Fig
1, is first a rim of solid metal of suitable

thickness, and of a width answering very

exactly to the width of the cavities around

[
[
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120



as
the steam wheel. It is then cut into.saw
like notches of the required width and very
nearly tangential to the circumference of the
steam wheel, and to these notches sides of
5 metal are then fixed by screws or otherwise,
and thus the circumference of the steam case
is made with the cavities therein. To this
hoop or rim of cavities are screwed the two
side plates A & Fig. 2, and thus the steam

10 case is formed.

The steam nozzle, eduction pipe and air
tight stuffing boxes have been before de-

scribed. The following will be the way in

which the steam will act in such a case to

15 enable me to reduce the speed of the wheel,
and which is partly described before. The
steam upon rushing into the. cavities of the
wheel, being an elastic expansive fluid will
immediately rebound therefrom into . the

90 cavities of the steam case, with a velocity di-
minished by the motion taken from it by the
speed of the wheel. It will as immediately
recoil or rebound from the cavities in the
case into the cavities on the wheel, and

25 again lose the-same portion of its velocity
by the speed of the wheel. In the same way
it will rebound back again into the cavities
of/the case, and from thence into the steam
wheel again, losing at every impulse it gives
30-to the steam wheel, the same portion of its
velocity, and striking each time the cayities

of the steam wheel at that reduced in jet or
effect which is due to such lessened velocity.
"This action and reaction will be kept up un-

25 til all the velocity is taken out of the steam
by its continued impulse and loss of motion
on the wheel, and it is thrown out at the
eduction pipe in high pressure engines, or
seeks the condenser in condensing engines,
to which tMis arrangement is equally ap-
plicable. To what extent I shall be able to
reduce the speed of my steam wheel by this
means, practice only can determine, as no
theory can estimate how much of the power
5 of the steam miay be lost in passing from
cavity to cavity, beyond what it parts with
in ‘useful effect each time it enters the cavi-
ties of the steam wheel, by the speed. at
which the wheel revolves. That I shall be
50. able to reduce the speed ver, considerably,
my experiments before described fully show.
For ‘when the angle of the cavity (A) on the
experimental arm (b) Fig. 3 Drawing C,
was so altered that aH the steam on its re-
issue from the cavity (%) -could impinge
upon the arm (b) so little was the velocity

40
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or power lessened by the mere friction of the.

atmosphere and change of motion and even
by condensation, that althcugh it was-in. the
open- atmosphere, the arm stood still, show-
ing that the excess of power which the cav-
~ ity (k) previously had over the flat plate

and over the-unbalanced pressure in the arm

60

-the following result.
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b was exactly neutralized or given back by
the steam; impinging on the arm .

It will be seen that steam applied on the
principle of my discovery has not only a
percussive force of a certain amount, but
that it combines with that force an enor-
mous velocity, and will continue striking an
object with the power of that velocity until
the velocity be destroyed. Now this ve-
locity may be considered a reservoir of
power, which the first injet does not ex-
haust, if the wheel moves at a slower rate
than the steam and it will continue giving
out this power as long as its velocity con-
tinues and getting less and less. " So long
then as the steam continues uncondensed,
this action and reaction will be kept up
until the steam has transferred by continual
impulse all the motion it had on its first en-
trance, and consequently different incre-
ments or variations of pressure will be ob-
tained. Two illustrations will show what
power it is probable will be obtained from
applying in this manner the well known
law that action and reaction are equal and
contrary. First, we will suppose the steam
wheel to be going at 10,000 feet, instead of
84,830 feet a minute. .The following table
will then show the power, the injet or force
being found by the same rules’ hereinafter
described, namely by the square of the ex-
pansive velocity of the steam, which by tak-
ing the table hereinafter set forth as a guide,.
and the same quantity of water evaporated ..
per hour under the same pressure will give °
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Speed‘ of
Incre- |the wheel
ments of | in feet
the injets.

Pounds

raised 1

{oot high
per minute.

Ho-;sv-

Number of the
i power.

injets. per »
minute. | -

] — 105

10,0004 287 | 9,803,742

<110

The speed of the wheel béing 10,000 feet
4 minute and the velocity of the steam at
60 pounds above the - atmbSphere being
104,940 feet a minute, the first injet will be
the force due to the steam striking a cavity
at rest with a velocity of the square of the
difference between the velocity of steam and 120
the speed of the wheel, which as shown in

116

_the table hereinafter given is 112.84 pounds

per square inch. Tha other injets are ascer-’
tained by the same rules. ‘

Second, we will suppose the cavities of 125
the wheel revolving at only 4,000 feet a min-
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ute, but under the same circumstances in

other respects. Suppose the velocity of the

steam is 104,000 feet a minute here the first
injet will be the square of the difference be-
tween 104,000 feet, the velocity of the steam,

- and 4,000 feet the speed of the wheel, the
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force of which will be “26.3. And the fol-
lowing table will show the result. -

Speed of Pounds
Number of the m%f{s;)( ﬂi‘; ‘;-Vegfel Areaof| raised 1 | Horse-
injets. the injets.| ~ per jets. | foot high }power.
minute. per minute. .
i
) S S 126.3 .
2... 116.4 i
3. 106.0 i
i 97.4 »
5. 89.1 |
6. 80.8 I
7.. 73.0 {
8.. 65.5 :
9.. 58.4 i
10. 51.8 i
1. 455 , :
- 2810 so0) 237 10,566,448 321
14, .. 29.1
15.. 24.3
16. 20.2
17.. 18.3
18.. © 12,9
19. 9.9
20. 7.2
21, 5.0
22. 3.2
23.. 1.8
P2 T 0.8
1,114.6 I

" We see.by these tables that when the
wheel revolves at 10,000 feet a minute, the
duty is 297 horses, while at 4,000 feet a min-
ute the duty is 821 horses. Now supposing
that by the change of motion and condensa.
tien of steam (though the case will be kept
as well clothed as the cylinders of the pres-
ent engines), the power is reduced one half
of these resuits, still the first table would
leave a powel of 148.5 horses and the sec-
ond 160.5 horses. If the speed of the wheel

~ he 84,830 feet & minute, as shown in-the table

45

hereinafter given, the result as there shown
will be a power 153.41 horses, without any
consideration of the additional power which

- may be obtained from reaction of the steam

50
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from the cavities of the case upon the above
principle. For what my engine will lose in’
velocity it will get back again in power, not
by the present large areas of surface, but
by absorbing the power of actien and react-
tion contained in the immense velocity of
steam, thus obtaining a continual impulse
in the cavities of the wheel until the steam
is brought to a state as nearly of rest as
can be reduced in practice. The cavities
areund the case mriist not exceed the width
of the cavities of the wheel, or the steam
will be allowed to spread too much. But
the openings of the cavities of the case the
cther way -must be something more than
those of the cavities around the wheel, so

that they shall not answer thereto, month

to mouth,in order that the steam may find 65 -

its way, from the alternate cavity of the-
case and wheel, until it finds its way to the
eduction pipe. The cavities around the
wheel must revolve as true and as close
to the cavities around the case, as it is pos- 7¢
sible for machinery to make them, without
touching, in order that the steamn may not
escape between the openings.” ‘
The parts ¢, ¢, ¢, Fig. 1, Drawing G, rep-
resent flanges or cleats for the purpose of 75
fastening the case to the required position.
The steam wheel in Drawing G shows an-
other form of cavity, which may be found
in some cases preferable and will give, I
think, the best effect of all the shaped cavi- gg
ties I have tried. T
Tig. 2 is a transverse section of the wheel -
and case, cut through at the line L C of Fig.
1, and made in the following way: & Fig. 2
is the axle and nave, of solid metal, to the gj
beveled part of which are screwed or bolted
the two disks of metal ¢, ¢, which approach
each other toward the extremities and are :
there welded or brought in contact. To each
side of the part so brought together is at- gq
tached the annular ring of saw-like notches,
(reversed to each other for reversing the
motion of the wheel), to the outside of euch
of which will be fastened a flat rim of metal
and the whole securely fastened together by g5
screws or rivets, as shown at f, 7, f, 7, Fig. 9, ©
Drawing G, and made steam tight. These -
cavities will be then complete. This last
rim of metal is supposed, to be removed in

Fig. 1, Drawing G, to show the cavities of 1¢9¢

the wheel in section. These cavities must
be as small as possible, and as tangential

as possible, as shown in Drawing G, which

is on a scale of two inches to a fook: A
section of the axle is shown in Fig. 1, Draw- 195
ing G, the circle ¢ ¢ being part -of the nave.

of the wheel, which forms'the airtight joint
with the sides of the case, and &, A, 4, are
bolts or serews to fasten the metal disks to

the nave as before described, . 1o

The way in which I-connect' my stean
wheel to locomotive engines by my “roller
and wheel connection ” 1s shown in the draw-
ings in Drawing B of which'the following
is a description. The engine in its case as 115
befare described, is partly inclosed in the
smoke box, the portion of which that pfo-
trudes is shown by « Fig. 1. %’ he smoke

box is formed as usual except that thetwo

outside angles are beveled off as shown at . 120,

11) are connected by a common straight axle
(¢) the ends of which work in yhe usual
bearings or plummer boxes, extept that
such bearings, for my engine, are not con- 125
nected with the springs, but have room to

The wheels of my engine (¢, ¢, ¢, Fi{gg’: 1 and
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.those parts (p,

8

play up and down in guides tormed by the
frame as shown by f, f, Fig. 1. The driy-
ing wheels are of the usual form except in
having the flanges wider and flat as shown.
at d @ Fig. 2, unless I should find it de-
sirable to apply to the wheels of locomotive
engines thie principle of the inclined groove

and spherical edge which: T call “the bev-

eled groove and spherical tongue connec-
tion” to obtain greater adhesion as shown
in drawing D Fig. 4, hereinafter described.
The springs ¢, ¢, ¢, are elevated a sufficient

‘height above the driving wheels, which are

here represented as 4 feet in  diameter.
These springs are confined by any conven-
ient arrangement of the frame, or as shown
by A, A, ky h, A, R, in Figs. 1 and 2, the
ends of the springs being allowed to play
in elongated holes or slots, as shown by 3¢
Tig. 1. Beneath the springs, at their cen &,
ave attached thereto brass boxes or bearings,
iy 4, 7, Figs. 1 and 2, in which are fitted

steel ‘or other hard metal rollers %, &, &,

which rest upon the widened flanges of the-
driving wheels before described, and have
full freedom to revolve in such brass boxes
or bearings. The ends of these boxes pass
through the spaces made in the framing at
1,1,1,%,1, Figs. 1. and 2, the sides of ‘which
spaces prevent such boxes from moving in a’
horizontal direction, but
play freely up and down vertically; an-
swering to the elagticity and variation of the
springs (g, 9,9.) The said rollers are so to
project beneath the boxes or bearings (7,
i, 7,) as always to rest upon the wheels as
shown in Figs. 1 and 2, and
fined to their ends in the sa

_ projecting rim.

A section enlarged of the brass box or
bearing 'f, 7,  and the roller %, it, k of Figs.
1, and 2, 1s shown by Fig. 3, Drawing E.
That portion of the box at m, which is di-
rectly over the flange of the wheel (n); is.
slightly hollowed, so0 as not to be in contact
with the roller at that spot, and the roller
itself has two slightly projecting rings
(0, 0,) around it at a short distance from
each side of the flange (n) of the wheel.
The object of this arrangement is to permit
p,) -of the roller, which are
in contact with the.brass box or bearing,
to be lubricated in any convenient way or
as shown at.g, ¢, and, at the same time, to
prevent the oil from destroying the adhe-
sion or friction of that portion of the roller,
which is in contact with the flange of the

“wheel.

To the inside of each roller is fixed a crank
(r r7) Fig. 3, Drawing B, which may either
be composed of springs as shown in the en-
targed drawing of Fig. 4, Drawing E ov
without them when a spring connecting link

permit them to.

re to be con-
d boxes by a’

3,131

will be used as afterward described. A con-
necting link (s, 8, s, 8). Drawing B, which 1
call a compensating link, joins this crank to
another similar ‘erank (¢ ¢ ), which last

65

crank is fixed to the axle (u u), of the steam "

wheel contained in theease (). This mode
of connecting the steam wheel by the divi-
sion of the axle, and its reunion or junction
with the rollers, by means of cranks and
spring compénsating links will save the
steam ‘wheel from any derangement, jar, or
concussion,’and is an adjustment which will
enable the engine to VVOI’L smoothly, durably
and uniformly. The axle is kept in its
proper position by the standards (v, v, 2,)
Figs. 1, & 2, which are fitmly fixed in the
framework of the engine. The boiler and
furnace are fixed in the usual manner to
the frame of the locomotive and through the
medium of the springs (g, g), and rollers
(k, &) are supported on the flanges at the
upper part of the driving wheels as shown
in the:drawings Figs. 1, and 2, instead of
being supported on_the axles in the usual

way. Now if the axle (u u), is caused to re-:

volve' by the steam wheel, either .way that
it is /desired, it will give, through the me-
dium of the cranks and connecting links be-
fore described the same rotatory motion to
the rollers, and by the pressure thereon,
caused by the weight of the engine, these
rollers being in contact with the periphery

of the driving wheel, will have the same fric-.

tional power. by contact or adhesjon to the
wheel, as the wheel has to the rail, which will
necessarily cause the wheel “to revolve in.a
direction opposite to that of the steam wheel
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and rollers, and with a speed proportionate -

to the difference between the diameters of
the rollers and driving wheel, and thus the

Tocomotive will be propelled by the pressure
of the axle f, . The proportion, between the

diameters of the driving wheel and rollers,

105

must be determined by the speed desired to. -
travel and by the rafe at which the steam .

wheel. revolves.. In the drawings the driv-
ing wheel is shown to be four féet in diame-
ter, and the roller three inches:-and two
tenths, i
wheel revolves at-about 35,000 feét a minute,
such proportioned rollers will propel the lo-
comotive at.about 30 miles an hour. The
boiler will be supplied . with water by the
usual pump, to be worked by an eccentric

and if the periphery of the steam -

110

115

upon any one of the axles of the wheels. The -

other parts of a locomotive frame and ap- ..

purtenances for my en{;ine do-not require
description as they may be made in the usual

120

way. v :
Should the rapidity with which the roller .
of the steam wheel axle revolves, be found to -

produce too great an amount of friction,
under the pressure necessary to obtain adhe-
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" sion between the roller and the periphery of

the driving wheel, I propose to use the anti
friction wheels shown in Drawing F, where
in Fig. 1, represents a side elevation of part
of the frame of a locomolive engine and
Fig. 2 the end elevation of the same. In-
stead of using the box j before described in
Drawing B, I substitute the six anti friction
wheels lettered «, 0, ¢, d, ¢, f Figs. 1, and 2,
three of which «, b, ¢ are séen in the side ele-
vation of Fig. 1, having three corresponding
behind them, and the end view of four of
them @, 4, b, e, is seen in the end elevation
Tig. 2, having two corresponding wheels
behind the wheels 2, e. _

The two bearing wheels ¢ and d, ave firmly

fixed on the same axle g, which passes

through a plummer box or bearing shown
by the dotted lines in Figs. 1, and 2, This
bearing is fastened to the upper part of the
gpring =, that is by means of a strap from
the spring, or other snitable contrivance, so
that the spring is thus suspended upon or
connected with the axle of the.two aunti-fric-

tion wheels @, d, which spring, by the weight .

of the engine, presses the said, two anti-

friction wheels upon the roller'k.at j, i, 4,

Figs. 1, and 2, and gives the required verti-
cal bearing on the roller to produce adhe-
sion to the periphery of the driving wheel.
To keep the roller & in its horizontal posi-
tion the four smaller antifriction wheels are
used two at each side, as shown in the
drawings, two of the said wheels being un-
seen in the end view of ¥ig. 2. The ends of
the axles of each pair work in bearings in
the side frame shown at 4, ¢, 7, 7, Figs. 1, and
2, all of which will be lubricated in the usual
manner. In Drawing ¥ is represented my
method of using the beveled groove roller
into which the flange of the drawing wheel
enters to give more adhesion than by plain
surfaces as before described. This drawing
also is laid down one inch to the foot. For
steam navigation and other machinery I pro-
pose to use a similar arrangement of six
anti-friction wheels to keep the roller of the
axle of the steam wheel in contact with the
large wheel or wheels for the screw propel-

ler. Tha movible bearing (i ¢) described in
Drawing D will be composed of these six

anti-friction wheels, two of which will be
above the roller (%) and keep it in contact
with the upper or lower part of the large

wheel, by means of the pressure caused by-

the screw Fig. 3 Drawing D, and the rods
(r ») which will be attached to the movable
bearing (% <) as before described. .

The other anti-friction wheels will with
the former surround  the roller, and thus
keep it in its place. Each pair of wheels
will be fixed to one axle. And all the six
anti-friction Wheels will be moved together

o
<GB

vertically up or down in the movable besrin
(# ¢} by the serew described in ¥ ,
Drawing D. In the front of the locomotive
engine 1 place a sereen shown by the dotted
lines 2, 8, 4, in Tigs. 1, and 2, Drawing B,
the frame of which may be composed of
wood or iron and covered with sheets of
metal. The form is shown by the dotted
lines 2, 3, 87, 4, 47, 4" in Fig. 2, and the side
view is shown in Fig. 1, by 2, 3, and 4, and
this screen may be fastened to the frame of
the engine at any convenient places, such as
at 2, 3 and 5 in Fig. 1. The object of this
sereen is to lessen the resistance of the at-
mosphere, which the engine now recelves.
and to turn that which it must still receive
to a nuseful account; an advantage which is
obtained by the atmosphere pressing on this
screen, and thus giving greater adhesion
of the wheels to the rails, which will also
render the engine less liable to pitch; and
these advantages will be obtained in propor-
tion as the screen is allowed to approach a
horizontal position. For instance if the
chord of the ave of the screen forms an angle
of 45° with the plane of the rail, and the
resistance over the whole of the engine, with-
out the screen, amounts to 300 pounds, the
engine will only receive a resistance ot 150
pounds, and the remaining 150 ' pounds
would be thrown in a vertical direction and
be in favor of the adhesion of the wheels
and tend to prevent the engine jumping off
the rail.

Tor steam navigation or other condensing
engines I apply the steam upon the same
principle and use the same Kind ‘of steam

‘wheel as for locomotive engines but with

only one row of cavities avound the periph-
ery; and 1 add thereto the following eccen-
tric rotatory air pump, Fig. 2. Drawing £
represents an outside view of 2 hollow barrel

{or cylinder, where @ and b are flanges east

thereon to attach it to the condenser und hot
well as hereinafter described, at each end of
the barrel are also two fanges (¢ and )
cast thereon, to which the two caps (e and f),
(a side view of one of which is shown in
Fig. 6), arve bolted. Through this barye!

70

75

80

90

100

105

passes the axle of the steam wheel before de- -

.scribed, being enlarged at that part within
.the barrel in a manver shown at g, Fig. 1,
-gnd which ferms an eecentric shown by &
and 7 Figs. 7 and 8. The parts j and & in

Fig. 1, are a section of the barrel just de-
seribed and I, I, that of the axle of the en-
gine. The caps ¢ and f before described, will
ground as water tight as- possible te the
shoulders’and axle m, m, m, m, in Fig. 1.

Fig. 7, shows g transverse seefion of .the
barrel and eccentric axle, whicly axle will be

made to revolve with the part n, as nearly i

as possible waler

tight with the ipside of
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the barrel. This bearing has two openings
Iengthwise through its whole extent shown
at o and p, Fig. 5, which is the back view of
Fig. 2. The said two openings will take the
direction shewn at ¢ and » Fig. 7, in one of
which, (serewed to the solid purt which
makes the divisicn between the said open-
ings), will be a piece of metal to form an
elastic_spring, as shown at s running the
whaole length of the barrel, the edge of which
spring will gently press upon the surface of
the cccentric axle as shown at ¢, ¢, Figs. T,
and 8.
true and the spring be so adapted thereto,
that they may form together an air and
water tight joint, and thus prevent any com-
munication between the vwo openings ¢ and
7, or between one part of the,barrel and the
other. Tig. 8, represints the condenser (u)
and hot well (v w), being the eduction pas-
sage from the steam case containing the
steam wheel, and « the injection pipe.

The section of the before mentioned air

pump is shown at ¥, screwed in its proper-

place to the side of the condenser, with the
openings ¢ and 7, fitting to corresponding
passages 2, z, leading from the condenser
and also to the hot well. The way in which
my ‘ecentric rotatory air pump will .act is
as follows. The eccentric axle, partaking of
the motion of the steam wheel, in the direc-
tion of the arrow (n) Fig. 7.'the space A
will gradually become enlarged and the space
B be contracted and the water and air will
pass through the passage ¢ to fll the va-
cancy, while the water and air contained in
B will be urged through the passage 7, by
the eccentric taking the position as shown in
Fig. 8, and thus the air pump will continue
its revolutions and expel the wjection water
and‘air into the hot wéll ». When the eccen-
tric is in the position shown in Iig. 8, the
spring will be pressed back into the passage
7 Fig. 7, as there shown, allowing the eccen-
tric axle to pass around. In the hot well 4
a long narrow flap (2), running the whole
length and working upon a hinge, will act
as a valve to the passage, », and prevent air
or water from passing from the hot well to

the air pump, when the engine is stopped or

" stationary,

. 56

- I consider that the following proportions
are about those dimensions which will Be re.
quired for an air-pump on my plan for a
condensing. engine, which is working off a

-.cubig foot of water, evaporated into steam
" per minute namely. The barrel should be

‘50

about 18 inches long, 4 inches in diameter

‘in the boreand the eccentric abou 3% inches
in digmeter, which leaves an extreme space
- of half an inch for the expulsion of.the in-
lechion water and.air jnto the hot wall. the.

The eccentric axle must be turned so

3,181

axle making not less than about 8,000 revo-
lutions a minute. .

necting my steam engine with a paddle
wheel shaft for steam navigation or with
other machinery requiring a slower motion

call  the voller and wheel connection.” Tig.
1, (a) represents the case containing the
steam wheel before described at Kig. 1,
Drawing A, having only one row of cavities
arcund the periphery thereof, and Fig. 2,
shows Fig. 1, cut through at the line z ¢,
The case is Lere shown to be made stronger

and. which case 15 kept steady by suitable
frame work (e ¢) and fastened to' {he foun-
dation plate (d). The eduction pipe A
leads the steam from the steam ease to the
condenser B where it is condensed in the
usual way, by injection from which it is
withdrawn by the air pump C and dis-
charge into the hot wheel D as described
in Drawing B. The pipe E is to carry away
the waste water from the hot well, and F is
the pipe to supply the feed pump which can
be worked by a: ~ccentric ¢n the main shaft.

The steam is tet into the cavities of the
steam wheel at I on the epposite side to-the
pipe A, Tigs. 6, and 7, représent transverse
and longitudinal sections of the termination
of the large supply pipe H, conveying the
steam from the boiller to the steam chamber
I. From this chamber the steam will rush
into the cavities of the steam wheel, through
the passages 1, 2, 8, 4, 5. The slide J will
be worked by hand by the rod passing
through the stufling box K, and will open
or close as many passages as are desired.
The axle of the engine or steam wheel passes
through the air pump O described before
(and in Drawing E), and works the crank
(e) which may be connected to the: other
crank ¢ by a spring link (f), which I call
a_spring cempensating link as shown in
Figs. 9 or 10, Drawing B. The crank ()
. gives motion to a short axle 4, which passes
through a bearing (¢ ) hereafter described
and which terminates in the roller j. This
roller is received into an iron hollow , cast
or otherwise made in the circumference of
.2 larger wheel (7) as shown in section in
Fig. 1, and which wheel is fixed upon the
‘paddle shaft (), in steam boats, or on the
main®shaft ~f machinery in general. The
part of the f aming (n n) shown in. gection
Fig. 1, will .support a bearing at its upper
part (o), for the main axle, and will have
an gperture, at its lower part (p) toreceive
-themovgble ‘bearing (: 7)., This ‘movable
bearjrg must be so made as to receive the
(4) ficraly-and seeuvely and to fit the

v

¢ Drawing D represents my method of con-

than my steam wheel, which invention I also

by outside ribs (8, 0) if found necessaly,
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aperture (p Fig. 1, and p p, Fig. 2), and be
made to keep its positicn laterally by a fillet
shown by the dotted lines ¢, ¢, ¢, ¢, Figs. 1,
and 2, but it must be allowed sufficient room
to play vertically up and down, as it may be
elevated or' depressed- by the rods », 7, 7,

* Figs. 1, and 2. These rods are firmly fixed
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" suddenly arrested or imparting a portion ot

50

in the bearing.as shown at s, s, s, the upper
parts of which rods will go through the deck
in steam vessels and be fitted to each end of
a sufficiently powerful spring ¢ ¢ Fig. 3, and
through this spring will pass a broad

- threaded and powerful screw, which will be

turned by a handle or lever as represented
at u, v, v, Fig. 8. By turning this-handle or
lever, the screw will elevate or depress the
spring, which, through the medium of the
said rods », », 7, 7, 7, Figs. 1, 2, 3, will ele-
vate or depress the bearing (i) the axle (%)
and the roller j Fig. 1. By this means the
roller j will be brought in contact, either
with the upper part of the hollow % of the
large wheel at w, or with the lower part at
@ Figs. 1,and 2, and by friction, adhesion or
contact will turn the wheel (7) one way or
the other as the vessel or machinery, to be

moved thereby is required to be propelled or:

backed. The spring ¢ ¢ before referred to
will keep the roller j sufficiently in contact
with the wheel (7), and yet allow by its play

‘gufficient compensation for any slight in-

equality in the periphery of the said wheel.
I# preferred to have this arrangement for
propelling, easing, or backing the vessel be-

‘Tow deck, the principle is capable of as easy

arrangement below as above deck. The
space between the upper part of tlhe bearings
of the axle (m) and the under part of the
screw box u Fig. 8 will be occupied by a
sufficiently strong prop or support 2, 2, Figs.
2 and 3, for the screw (u) to fit in, and thus
prevent any strain upon the bearings. The
paddle wheels or machinery may by this
arrangement be eased, suddenly stopped and
reversed, while the steam wheel continues
its maximum velocity, and yet without con-

_cussion or derangement, which would other-/

wise be produced by a rapid speed being

its velocity to matter at rest. Foyr though
the steam wheel continue its utmost velocity,

‘it will only impart the required motion to-

" the paddles- or other machinery gradually

85

S50

and ‘smoothly; for the great wheel will slip

for a while until its inertia of rest is over--

conte and it obtains its uniform speed. «And
should 2 heavy sea strike the paddles or any
other unlooked for impediment (stch as
masses of ice or wood suddenly arresting the

paddles) neither strain nor concussion can

be produced as in the present engine, for
my steam wheal will still continue its smooth:
andigasy veloeity,"while the large wheel willl

accommodate itself to the obstruction, by

slipping for the moment until the unwonted:
resistance be removed, and’ only that resist-
ance proportioned to the power is restored

which was originally calculated: the engine
would have to overcome.. And when the

vessel 1s stopped all the usual chances or-

danger of the boiler bursting, through the
safety-valve getting out of order will be re-

tirue its motion; for it will then act as a
safety valve, and carry off all the steam
that wounld otherwise acecumulate and pass
off at the usual safety valve, for it is chiefly.

previous to being again started, that so
many lives have been lost by the hoilers ex-
ploding. In the numercus stoppages on the
river; this will save the engineer the fre-
quent attention to the injection cock, wvhich
once turned at starting may continue till the
vessel reaches its destination. :

One action only is required for stopping

meved if the steam wheel is allowed to con- -
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when the vessel has been stopped or just.

80

85

or reversing the vessel' with my engine;

three with the present; the steam supply
valve gear, and’ Injection. The supply and
bilge pumps can be attached to the main
shaft, or worked in'any of the usual methods
familiar to engineers. : '

‘Where the plain surfaces before deseribed
for the adhesion of the roller to the wheel
may not be sufficient for the purposes of
great power, (on account of too much strain
on the bearings, necessary to obtain the re-
quired contact, being found objectionable),
1 propose to use, as a modification of the
principle before described, as well for loco-
motive engines, navigation and other pur-
poses, an arrangement which I call “the
beveled groove and spherical tongue connec-
tion, the plan of which is better shown in an
enlarged drawing in Fig. 4, Drawing D.
Part of the roller () is shown, having one,
two, or more deep grooves (b, b,) turned
avound it, the sides of which grooves are bev-
eled or approach each other toward the hot-
tom of the same as shown in the drawing
Tig. 4, ¢, ¢, ¢, ¢, the circumference of a
wheel, of which part only is here shown at ¢
'(which is to be turned by this roller), has
avound it one, two, or more projections e, ¢,

curved at their edges and'made to fit into the
groqyes in the roller, and which will place
opposite portions-of their semicircular edges
in contact with the inclined or beveled: sides
of the grooves as shown by ¢, ¢, ¢, ¢. The
following is a deséription of this arrange-
ment, the prineiple of which; Fig. 5 will
illustrate, being found on the principle of
the wedge or inclined plane; - The side of

truly semicircular . or otherwise  properly

Fig. 5, represents the. inelined or'-beveled:
side:of the groove b Figl 4, which is'in con--
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tact with the semicireular edge of —c— the
perpendicular ¢ of Fig. 5, and base —/A-—
forming a right angle triangle, of which it
ix the hypotenuse. By this form of con-
5 tact the degree of pressure which eauses
—¢— in Fig. 4, to advance toward b will
be increased ag relates to the point of eon-
tact at —e— of the bevel of the groove or
hypotenuse of the angle, in proportion as
10 the side ¢ exceeds the base A in IMig. 5, by
which plan adhesion may be obtained to any
required amount, by vertical pressure of a
comparatively small degree. Ior instance
if the adhesion or contact required between

15 the roller and the hollow wheel for steam

navigation or other purposes was ten tons;
by making the perpendicular g Fig. 5 Draw-
ing D exceed the base % 10 times; that is let
¢ be one inch and a quarter and —A— one
20:8th of an inch, the axles and bearings would
enly bear a pressure of one ton. By apply-
ing this principle to the tread of thie wheels
of locomotive engines, the adhesive power
may be so increased as will enable them to
25 swrmount gradients so steep as to be impos-
sible to be surmounted by the present en-
gines, while the tractive power may be in-
creased to the required amount by:letting on
more jets of steaw as before described.  1f for

30 instance the adhesion between the wheel and

‘rail were ten tons before this principle were
applied, it would be increased to 100 tons by
using the proportions just mentioned. By
having therefore auxiliary engines with
35 wheels so made, ready to draw the trains up
steep inclines may prevent the use of sta-
tionary power, and the necessity in many
cases of making such easy gradients at so
great a cost. In so applying this principle

40 the wheels must be made with a hollow in

the periphery, in the same way as the rollers
are described in Drawing D Fig. 4, and the
-ails will form the tongue. v
Fig. 9, Drawing E represents my spring-
45 connecting compensating link, for the cranks
_of my axle and roller, t¢ allow the boxes or
bearings to be elevated or depressed, and is
formed of two elliptical springs ¢ and D,
which are joined in the usual manner at

-50 their extremities and the centers of the

i springs Tare attached by a movable joint to
tie extremities of each crank at ¢, d, sepa-
rating them at about an angle of 60 degrees.

Fig. 10, Drawing E is another kind of
55 spring, which T call an elbow spring con-
necting link, which I prefer for the same
purpose, namely to prevent any jar or con-
cussion, and to compensate for anv irregu-
Jarity of motion affecting the engine shaft.
60 The parts —e— and f are formed by a series
of spring plates. fastened together in the
usual way and increasing in strength to-
ward the end (g) where they ave strapped
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and- bolted together, in the position shown
at Iig. 10, and the ends 2 and ¢ have eyes
for the purpose of being connected to the
cranks before mentioned. Should these
eranks be found to revolve so quickly, as to
ause much atmospheric resistance, they may
be inclosed in a circular case to revolve with
them. And in the condensing engine on my
plan, where the steam wheel will revolve
with a much greater rapidity as hereinafter
shown, the cranks may revolve in an air
tight chamber communicating with the con-
denser, by which arrangement, they will re-
volve in vacuo. But in the whole engine the
air tight stuffing boxes need not exceed two,
the condenser and air pump being placed on
one side of the steam case and the chamber
on the other. * ,
Drawing C Figs. 4, 5, 6, represent sections
and an end view of my improved nozzle for
supplving steam to the wheel on my prin-
c¢iple, which, if only one large supply pipe
be used to increase or diminish the power of
the wheel must be so formed, instead of as a
throttle yplve. Fig. 45 which-is a plan in
section, has at its immediate orifice inside-a
truly circular curved hollow shown by —a—
which continues past the orifice to the point
—0— into which hollow is ground true and
fitted a segment of a circular piece of metal -
(, which is connected with o small spindle-
—d— which terminates in a handle or con-
nection outside, which can be connected with
a governor, to contract or enlarge the orifice,
according to the wants of the machinery or
be turned by hand to shut off the steam en-
tirelv. Tig. 5 shows a sectional side view of
the same, where ¢ is the segment of the circle,
d the spindle passing through the small stuff-
ing box —e¢— and terminating at any con-
venient distance by the handle f. Tig. 6
represents an end view of the same and
shows the whole size of the orifice ¢, ¢, and
two different pesitions of the contracting
segment by the dotted line —A— and the
dark portion 4. The object of such a nozzle
is to contract or enlarge the passage for the
steam at the immediate outlet or orifice, fof
it the contraction be higher up the pipe,.the
steam would be so diminished in.pressure at
the orifice as to lose a great portion of its
impulsive velocity. .
Drawing ., Fig. 1, is the form of arm,
I found to give more power in engines on :
Herr's principle. Instead of the straight
arms @. b, I used serpentine arms, shown at
¢ d. e. f. where the parts from. ¢ to d and
from f to ¢ partake of the circle of rotation,
and where the parts from 4 and f to the
center ¢ are made to form an easy curve, the
pipe or hollow when the steam runs along
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gradually enlarging in area to the center e. 125

The object of such an arm is, to keep the part
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which receives the reaction or unbalanced
pressune of the steam as far as convenient
irom the orifice of discharge; for by this ar-
rangement I found that I gained one third
more power. Xaside the case in which the
arm revdlves cavities are shown fixed all
around, to the receive the steam on its issue

_from the arms fo return it in the direction of

their motion. But I describe this form of

engine simply because it formed part of my |
experiments, not as ferming any part of my |
. present inventions though I de not think it-

has been previously used.

i
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“The following table of pressures will show

the proper foree of, or impulsive effect from

‘the simple expansive velocity of steam rugh-

ing on my princpile into a stationary cavity

unincloged in thit open air of the engine
roonm. The diaméter of the supply pipe was
one inch, and 5 feet 104 inches lohg with one |
bend, and at its termination the orifice of

discharge was § of an inch in diametér or

about the ninth of a square inch. The sev-

eral pressures of steam in the boiler were

-throughout half & pound more, this half

pound being allowed for: condensation et

eetera. L

Table of the force of the injet of steamxin
a stationary cavity uninclosed and exposed
to the atmosphere, and its reissue therefrom
caleulated upon the square inch from actual

experiment, given by an orifice of about the
¥ El g

ninth of a square inch:

Steam above | Actualvesult | Xfiect per
‘the atmos- Irom an orifice | sgusre inch
phere at the three-cighths | from an erifice
orifice of the | of aninch di-'}  of a square
pipe. asmeler.. - dnch.
Pounds. Ibs. Dz Peunds,
10 , 23 . 23.3
20 o 4 46.6
30 7 4 70
40 Not trisd. -03.3
50 Do. 116.6

The fact of & power being given out, from
the expansive velocity of steam, when prop-
erly arrested, of more than double what
would seem prima fecie to belong to it, as

indicated by the pressure in thé boiler, is

censistent with the additional force acquired
by .other bodies, which the following case
may illustrate. If a ball weighing 60 pounds
be resting on the earth it will press with a
foree of 60 pounds. But if let fall from
such a distance, that oun' its touching the
ground it shall have acquired a certain ve-
locity, it will strike not merely with the

original weight of 60 pounds, but with the
accumulated force due to the velocity ac-

quired in the descent. Noiv let the ball at
rest represent the initial pressure of the
stezm @t restin the boiler and the acquired

“force. ef the ball represent the expansive
power .o%- the steam which gives it that ex-

traordinary velocily when set at libgrty and

BB

allowed to expand lineallyy “and though
there is ne resemblance between the velocity
acquired by attraction or gravitysand the
velocity aequired by repulsion, the results of
more than the initial power being given out,
are analogous. The cavity with which these
great effects were obtained was 4 of an ineh
syuare and deep which give an area about

was placed on a balance 6 feet high resting
on knife edges made with great precision
and -accurately weighed to mark the index.
But the cavities for practice need not be
more than sufficient to receive the full jet
of steam which will keep the wheel, even
for the greatest powers very compact, and if
the base be twice the area of the jet, that is
ample; for no additional power is gained by
the steam expanding over a larger areq, ex-
pansion from an uncbstructed current of
steam being .already ‘obtained from it ve-
locity. The above results were obtained as
I have stated from a cavity at rest, but when
the wheel revolves, all the force of the stéam

the wheel, and the power will consequentily
fall off, in proportion as the velocity of the
wheel approaches the expansive velocity of

locity of. the steam and the extraordinary

the pressure in the Boiler indicated by the
gage, a sufficient proportion of the power
may be deducted frowmithe speed of the wheel
and for .friction, and yet leave such clear
/available effect, as will with the same con-
Jsumption of fuel and pressure, more than
‘double the duty of locomotive engines, ex-
ceed that of the best high pressure engines,
and equal if not exceed the duty of the best
Cornish condensing lifting or marine engine.
For though my deductions when compared
with those allowed for friction and “other

ceed them in some cases, they do not, be-
cause the steam in my engine having no
piston to overcome is expanded as low as
the atmosphere (as the table shows), in high
pressure engines, and in candensing engines
the steam will be expanded to the vapor
point or state of condenser vacunn
therefore from these extreme expansive du-

constant; while those of the present engines
are taken from the expansive duty, where
the steam can only be expanded. to & much
less degree, varying according to the,pres-
sure of steam and friction of the pistor, and

ing steaxa by its velocity it can find its own
equilibrium and give out its whole expansive
power in so deing, whilé such an-extreme
degree of attenuation being impossible in

the steam. But owing to the extreme ve--

force given thereby, being more than double

It is~

other parts to be overcome. " By thus ‘apply- -

the prasent system, some power must. neces- -
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from its velacity, cannot be. transferred to
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ties that my deductions are taken ‘gnd are -
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sarily be thrown away. The rate at which
the pressure falls off or increases is as the
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square of the expansive velocity of the

steam, as shown in the following table:

Table showing the best velocity of the steam-wheel to obtain the mazimum effect in korse power.

oo S T99 L8 |ghed 2R J g o - o) 2 1) b,
25| 85 BEf 1588 geZE | £%% §  [sEE| L& &%) E%E | 5. &3
S8 | BEg (3782|585 3.22 | SEE g e85 S8E | C4s 25 |85
Sga E7 |22R%.88 345 3 @ = =g*El EBx,. |E8€5| —E% > 8 3
8?2‘4&« 9‘&:}5 Ha E'QE'S ~’§"dx~~é B g 4. g = = Hé“ ’U‘SX 8 Ni
B £95 ZEomE58swEEET o5 2 Jag = - 383 SF -
zZ 8 & Zod lofEe  B82i08H s SO8 < g 3 823 oo afe o
S57 15 FOETBl, 0D g 2= 33 SPd ] p= B2} =
£ B, £%. (Sg»8(°T3F 5B ;::CUE st oS 2824 X&'S SR S =8 g
Baf. gl sfgtinsgiliziidl Tl oo B=%E] 555 lgEE) LiE | &2 %R
53 8 b5t EogE eI nEg E=R=I 2 o odE BES '
E=22) Sop 228nSpTsetiofl ETEE i isg| E,8 278 B8is £3 g5
SEREl 258 [ZEPRSCBRESES 273 A8 = Seo|  SE®% 285 =283 5 .
& SEE 1 = A & 3 2 S 57 & 8§ |88
1 2 3 4 5 6 7 8 9 10 11 12 i3
60| 104,490 138 110,000 | 94,490 | 10,918, 100,100 | 8,92%,360,100 | 11284 | 1,128,400 2.37 | 2,664,308 60
60 | 104,490 138 15,000 | 89,490 | 10,918, 160, 100 ,460,160 | 101,22 | 1,518,300 2.37 | 3,593,371 60
60 | 104,490 133 120,000 | S4,400 | 10,918, 160,100 | 7. 123 360, 100 | 00, 2% 1, &0, 400 2.87 | 4,276,428 60
60 104 400 138 2(,, 000 79,490 | 10, ‘J18 1(»0 Loo t» 318,660,100 | 7 1,996 2.37 | 4,730,605 60
0| 104,490 138 § 30,000 | 74,490 | 10,918 160,160 | 5. 542 760,100 2.37 | 4,985, 532 60
60 | 104,409 138 | 32,500 | 71,990 | 10,918,160,100 | 5-182, 560, 100 2.37 | 5,045,137.5 60
60| 104,490 138 | 34,830 |. 69,660 | 10,918,160,100 | 1. 5, GO0 23.9 2.37 | 5,062, 613.61 60
60 | 104,450 138 | 351000 | 69,400 | 10,918,160, 100 | 4,25, 860, 100 2.37 | 5,062, 433.5 60
60 | 104,490 138 | 37,500 | 66,090 | 10,918, 160,100 | 4, 487, 660, 100 2.37 | 5,017,200 60
60| 104,490 138 | 40,000 | 64,400 | 10,918,160,100 | 4,153,960, 100 2.37 | 4,981,740 60
60| 104,490 138 | 45,000 | 59,400 | 10,918,160, 100 | 3529, 060, 100 2.37 | 4,770, 454.5 60
60 | 104,490 138 | 50,000 {34,400 | 10,818, 160,100 | 2)9¢9. 160, 100 2.37 | 4,416,120 60
60 | 104,490 138 { 55,000 | 49,490 | 10,918,160, 100 | +2, 149, 260, 100 2.37 | 4,017,815 60
60 | 104,490 138 | 60,000 | 44,490 | 10,918, 160, 100 | . 1,979,360, 100 2,37 | 3,555,000 €0
60 | 104,490 138 | 65,000 | 39,490 | 10,818,160,100 | 1,559,460,100 | 19.7 2.37 | 3,034,785 €0
I

Column 1, is the pressure of steam in the
boiler above the atmosphere. The 2nd col-
umn is the expansive velocity of the steam
in feet per minute, at which that steam will
issue to the atmosphere, founded on the ex-
pemmcnts of Mr. Banks, given by Dr. Greg-
ory in his mechanics vol. 1 3d edition 1815 3,
p. 518-519. Column 3 is the force in
pounds per square inch of the injet, and re-
action of the steam on my principle from a
stationary cavity, due to such velocity, as
found by my experiments, by which I ascer-
tained that the 3d column would vary as
the squares of the velocity (or 2nd column).
Column 4, is the velocity in feet per minute,
at which the ecavities of the wheel recede
from the steam; that is, the velocity of the
circumference of the wheel, which when de-
ducted from the velocity of the steam (2nd
colunm) will leave the velocity or pressuve
at which the steam will rush into the cavi-
ties of the wheel, when revolving at the
speed of the 4th column, and will give the
5th column. The 6th column is the square
of the 2nd, and the Tth column is the square
of-the 5th.  Now as the square (col. 6) of
the expansive velocity (col., 2,) is to the
force (col. 3), so is the square (col. 7) of
the difference {(col. 5), to the diminished
force in col. 8, which when multiplied by
the velocity of the wheel {(col. 4) and again
by the area in square inches of the orifices
of discharge or jets of steam necessary to
give issue to the steam required for the
nower, will represent a power, equal to the
numbcr of pounds, raised one foot high in a
minute (col. 11). This divided by Mr.
Watts’ estimate of a horse’s power 33,000
Ibs. gives the power of my éngine (col. 12).
Col. 13 is the number of cubic feet of water

evaporated per hour under the pressure of
col. 1, to give the power of col. 12. This
table was commenced by giving the wheel
the nominal velocity 10,000 feet a minute,
and ealeulidting prooquwelv as shown to
65,000 feet & minute, to illustrate the varia-
tion in vesults at different velocities to
show the best speed of the wheel to give the
maximum effect. By this table it “will he
seen that the greatest results are obtained
when the wheel revolves at precisely one
third of the velocity of-the steam or 84,830
feet a minute. At whatever pressure there-
fore the steamr mav be above the atmos-
phere, the wheel must always revolve at one
third of the velocity of (he steam to obtain
the maximum cffect.  As regards the area
of the jets, the pmp(utmns necessary to dis-
charge steamn at different pressures above
the atmosphere vary inversely as the square
voots of the donsitioq or pressives of the
steam, that is to say 2.37 squave inches (col.
10) l)ung sufficient to discharge a cubie foot
of water a minute, evaporated into steam,
under a pressure of 60 pounds above the at-
mosphere, as the square root of 60 pounds
is to 2.87 square inches, so is, inversely the
area of the jet required to the square root
of the given pressure. And this last law
will also apply to the areas of jets for steam
rushing into a vacuum.

The foregoing table of velocities refers
only to steam above the atmosphere, and to
non - condensing engines. My experiments
relating to the expansion velocity of steam
issuing in the -atmosphere agreed so nearly
with those of Mr. Banks, recorded by Dr.
Gregory, that T have preferred taking those
data which can be generally veferred to as a
standard. DBut those data do not apply to
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the expensive veloeity of steam rushing into

a vacuum, for there 1t requires, I found, an

- expansive velocity, infinitely greater than

10

-fmm. equal pressures.
velocity in wacuo, that will give a duty in-

that in the atmosphere to give the same ef-
fective force in'wacua as in the atmosphere
It is this increased

condensing -engines on my plan, equal 6 if
not exceeding that obtained by increments
of expansion by the present system. The
effeetive force however is the same from

* equal pressures, whether én vaeuo, or in the

1%

35

49..

48,

]

58

[134]

80

atmosphere; that is with steam at 7 pounds

above the atmosphere, and a vacuum of 26

inches of mercury or 13 pounds making 20
pounds, the same effective force will be
given in a stationary eavity in vacue, as is
shown in the foregoing table by a pressurs
in the atmasphere of 20 pounds abgve it.
It is the different velocities of the steam in
and out of a vacuum, required to give the

‘same effective force from the same pres-

sures that so greatly vary, and consequently

- when my steam wheel revolves in vacuo, dif-

ferent laws are required to determine the
different results that will be produced. The
best practice thevefere for condensing en-
gines on my plan wilk vary from that of

high pressure engines. When using steam’

In a vacuum, the effect of that portien of
the steam above the atmosphere must be as-
certained by the same vules as are given in
the preesding tahle of velocities, just the
same as if it were used in the atmasphere.
But as regards the other-portion .of the
total pressure, that is, the expansive veloe-
ity of the steam below the atmosphere or the
state of the vacuym, the effect of this must
be found by another rule, the correctness of
which, T have npt been able quite te satisfy
myself upon, I find hawever a very near
appreximation to those propertions which
wauld he given by the sguares of the sfate
of the vacuum . increasing or decreasing by

this law; that is taking the atmospheric

point at zero gnd svery varistion between
the atmesphere and the state of the vaeaum,
incregsing toward a perfect vacuum, the ex-
pensive velbeity wauld be by this law as the

‘squares .of sueh vapistions of vacuum. If

this be the case, then the effect of the injet
of sfeam and its reissue from a cavity, vary
ag the sqpare root, of the expansive veloeity
of the steam; and the best velocity of the
wheel, will In such case be %ds of the expan-

‘'sive velogity of thé steam. To_ ascerfain

therefore the total effect in condensing ‘en-

" gines, the effeet of the steam above the at-

mosphere, found by the former table of ve-
logities as before described must be added to
the effect of the expansive velocity of steam
below the atmosphere and the sum will be
the whole power and give the duty of ex-
pansion for any pressure and state of vacu-
um, when multiplied by the velocity of the

LES

wheel and the ‘area of the jets of issue.

This duty will increase rapidly according to .

the vacuum, as it is well known the duty
dces by the extent of expansion in the. pres-.
ent engine. ' e

 That the expansive velocity of steam in
a vacuum is so much greater than the ve-
loeity of steam in the atmosphere is shown

by my experiments by the following fact;

that a.state of vacuum equal t. *2} pounds

with steam at atmospheric point, gave the

same forcible effect by injet in a stationary

cavity in that vacuum, as steam at 12}
pounds above the atmosphere did in a sta-
tionary cavity in the atmosphere, though in

70
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80

the latter case nearly double the quantity

of matter was injected so that if the expan-/
sive velocity of steam in a vacuum had not

made up the difference of effect, by the con- .

siderably increased velocity of a mass only-
half as great, the effective force wiven qut.
could not have been the same. In the case
then of steam above the atmosphere, the ex-
pansive velocity of steam is as the square
roots of the pressure, but in a vacumm it

85,

g¢

will vary as the squares of the state of the -

vacuum, assuming the correctness of my last
class of experiments, and the injet of stealn

in the cavities follow in the former case, the -

laws of the squares.of the expansive velecity
of the steam, but in vacuum the injet or ef-
feetive force will vary as the rools of the
expansive velocity of the steam above the
atmosphere therefore the wheel will revolve
at one 8d and in a vactum at §ds of the ex-
pansive: veloeity of the steam to give that
mean of velocity and power as will produce

thé maximum effect.
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. T will now conclude ‘With a few general -~

observations on my engine and the present,
as relates to the principle and advantages
of each in a scientific view. The principle’
of my discovery depends for its verification -
upon a. very simple but universal law of na-
ture before referred to, and which when no-
ticed the mind immediately recognizes as a’
truth in science, applicable as-well to steam
as to all other bodies, fluid or solid, inde-
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pendent of its confirmations by my experi- -

ments. 'This law is, that all motion is power,
power in proportion to the mass and veloe-
ity of motion, and to th? amount of its bene-
ficial transfer to the miedium of communi-
cating it. Now whateyer body has a me--
mentum or motion given to it greatly ex-
ceeding that of the surrounding medium,
whether it be 2 cannon ball, an unobstricted
current of steam, or an air blast for a fur-
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nace or from a blow pipe, it cannot impart -

laterally any portion of that force which it
derives from the velocity imparted to .it.
Its foree.lies only in the hne of its direction
in which and in which only it wmust give out

the same power as it peceivaed ; and to obiain

the whole of force from bodies. sa meving,
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they must be arrested before any part is
lest by distance or at that point where the
different nature of the hody 1s found to im-
part its greatest foree. Steam at 60 pounds
above the atmosphere, (the pressure at which

it is generally used in locomotive and other

high pressure engines), has an expansive ve-
locity exceeding 1741 feet a second, which is
greater by about 500 .feet a second than the
rate at which a cannon ball is most bene-
ficially expelled. Thus the specd is about
104,490 feet a minute and 6,269,400 feet 1187
miles 680 yards an hour and even at the
atmospheric point only, when rushing into
a vacuum its expansive velocity is still
ereater. So infinitely exceeding the speed

“of the strongest hurricane, we can compress
-this immense expansive power and making

up in its far greater intensity what the
wind has in surface, we can employ it by a
controllable machine successfully to hlow
and contend against winds and tides. An
unobstructed current of steam, thus rushing

forward at this wonderful velocity, must

nécessarily possess a surprising force fiim
velocity, and cannot from the very nature
of motion expand equally in all directions
laterally as well as linealy or its great ve-
locity would not exist. To obtain ifs ex-
pansive powers in all divections its velocity
must be first and immediately destroyed by
cutting it off before its power is expended
lineally. This ecrror in science is done by
the present system, and to make up in power

what is lost in velocity, immense areas of

surface are necessary, which has given ris¢
to all the complexity of the modern steam
engine, and to an immense mass of ponder-
ous and useless matter, requiring so much
valuable space and tonnage, simply because
the true properties of steam have never be-

fore been discovered, and the beautiful sim-’

plicity of nature departed from.

It is now apparent by my table of pres-
sure that the natural force and condition nf
steam is velocity: and as sinplicity is the
perfection of science, this can only be ar-
rived at by ascertaining the true propetties
of those agents which ave placed at our com-
mand, and applying them in pursuance of
those simple laws which regulate their exist-
ence; whereas the present engine is in har-
mony with no motion in the universe, but

stands alone, a singular departure from the

laws of nature. But we now sce how sim-
ply she acts in this great power, as in all
things, and how much more in harmony
with all her known Jaws is this discovery,
and the transmission of steam power by its
velocity by a machine, as simple as the water
wheel. Even in my condensing cngine
where there 'is an alr pump, and the steam
is expanded lower than in the best Cornish
lifting engines, (owing to the absence of the
piston to-overcome), there is neither expan-
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sive gear mor beam, nor cecentrie. nor slide,
nor conneeting rods, ner vatve moved by the
engine nor eomplicated machinery of any
kind. a pipe, a wheet and an axle enlarged
at one part, and inclosed, t1 smit, in the
simplest. way, the extreme duty from ex-
pansion. aud from the whole steam engiue,
which is self adjnsting. and the Tonger used,
the more smoothly and equally will.the parts
wear and the touching surfaces Dbecome
adapted to cach other. Compact, stmple;
and durable. scarcely liable to derangement,
the total weight of a marine cngine of 320
horses power on myv plan will net amount to
the weight of the duplicale parts alone (15
tons) of the engine of the same power of
Fler Majesty’s ship Cyclops. thus saving 123
tons for additional stowage: and even for
an engine of 1000 horses power, the total
weight will not exceed 20 tons.

IFor the great purpeses therefore of steam
navigation, and inJand transit my engine
is particularly applicable, for in the latter
the speed of traveling 1s Iimited by the
present reciprocaling eugine wasting  so
mueh fuel at high velocities.  As an cle-
mentary machine possessing a mere rota-
tory motion T do uot atfribute to my ma-
chine any superiority over a reciprocating
engine of slow motion, as a means of com-
municating . power as a substitue for the
erank. But though there is no loss of steam
power, in  the  ecrank transmitting that
power te the michinery, the application of
steam to prodice a reciprocating motion is
adically unsound in science as a prineiple,
for it is only adapted for a slow motion of
reciprocation. The Cornish engines are the
slowest in the world, the speed of piston
averaging 60 feet a minute, and these do
the most duty of any in the world. When
this speed is inereased to 200 feet a minute,
as in the marine engine, the duty falls off
more in proportion-to the difference of pres-
sures, expansibility and boilers, or at least
when the speed of piston is further in-
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creased to 500 feet a minute as in the loco- .

motive engine, there is found a gtill greater
loss in duty, as the steam’ can not pe fully
expanded as by the new system; and one
half the power is consumed in m;e}:'coming
the resistance of the used steam that can-
not escape fast enough, and thus one half
the fuel is wasted. To increase the speed
of the piston to 700 feet a minute, to travel
faster wonuld cause so great a waste of fuel

“as to become impracticable, whereas with.my

engine the speed is only limited by -curves
and atmospherie resistance. Tt is on this
comparisen again principle with principle,
that the application of steam by velocity is
found to be sound, because equally advan-
tageons at whatever speed the machinery is
required to be driven, and for whatever
purpose, while the present system i3 un-
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sound, because it can only be used to the
greatest advantage for one purpose, and that
at so slow a speed as to be inadequate to the
present requirements of civilization. The
science and facilities of traveling are there-
fore in advance of the means and these I

‘believe my engine will supply.

The best effects will be given by my en-
gine in proportion as the three following
requisites are combined.~—1st, In proportion
to the quantity of motion abstracted from
the velocity of the steam and beneficially
transferred to the wheel and the used steam
be got rid of. Now the greatest effect from
the imipulsive velocity of the steam, is. only
obtained by arresting its velocity before any
of it is expended and by entirely changing
the direction of its motion and returning it
parallel to its advance; for if the jefs of
steam be so directed. either that any part of
its volume still continue in the sameé direc-
tion in which it issues from the jet, or if
the steam be diverted in any other line than
that parallel to its advance, so in proportion
will be the loss of power, as shown by the
experiments before described. 2ndly. In
proportion as the jets of steam and the cavi-
ties approach a tangent to the circumference

- of the wheel, and yet permit the used steam

to reissue without striking against the back
of the cavity next in succession.” 3rdly. In
proportion as the wheel revolves at that
velocity which the two former conditions
being observed, will give the maximum
effect. .

The foregoing tables and these explana-
tory remarks are given to assist the public,
for I have thought it right in bringing for-
ward a new principle of steam power, and a
new application of it, to afford all the infor-
mation I possess (or believe I possess), cal-
culated in a scientific view to explain the
discovery and to assist in carrying it out. *

Having given a particular description of
the nature of my said infented improve-
ments, and in what mannerjthe same are to

be performed, I will now. define the extent’
of my claims.

I claim— . : :
1. A wheel, (having a series of oblique

_ cavities or buckets arrangdd upon its pe-
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riphery as described), in combination with

-an exterior case; (immediately surrounding

said wheel on its sides and circumference),
whose inner periphery has several: corve-
sponding cavities, formed therein, in con-
tiguity with the cavities of the wheel, and
also one or more induction pipes or jets in-
serted therein for the purpose of conveyin

steam .or other elastic or aeriform 'ﬂuidg,
(through the sgency of which motion is im-
parted. to the wheel), into the appuratus, and

also an eduction pipe, for the discharge of

the waste steam, or other similar and suit-
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able contrivances for such purposes; the said.

cavities of the wheel being arranged so as to
reflect the jets of steam
the exterior case, and these latter in such
manneér as to return the said steam, or to
throw it back again into the former; the
whole of the said apparatus, being con-

structed and operating substantially as

‘herein before explained.

2. I also claim, The particular method
above set forth, of reversing the motions of
a steam wheel, that is to say, by a second se-
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ries of cavities and inlet pipes combined with -

“the first series and arranged in the wheel

and case in opposite directions to thosé of -

the first series thereof, the whole bairig sub-
stantially as before set forth. SR
3. I do not claim as my invention, the

80

communication of motion by plane, curved, .
or beveled surfaces taken separately or .

apart from any arrangement, but that -which
I do claim is, the combination of the movable
grooved axle or shaft 2 Fig. 1. Drawing
D, (arranged in a movable box 4, so as to be
elevated and depressed'in a vertical direc-
tion by a screw or other suitable contrivance) ,
with the
shaft m.
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grooved wheel 7, applied to the

4, T also claim, the method, above set "

forth, of preventing concussion to my steam -
96

wheel, by suspending or arranging it in the

manner before described, namely, by divid-

ing the axle and_joining it again by means
of cranks and spring compensating or other
connecting links, o

5. I also claim, in combination with the
groove and roller arrangement, the suspend-
ing of the movable box ¢ Fig. 1, (Drawin
D, upon a spring, through the center of whic
the elevating screw w passes, the whole be-
Ing as above set forth, and as shown in Figs:
1 and 3, Drawing D, and for the purposes
as herein before explained. .

6. I do not claim, the exclusive use of
antifriction wheels, but I do claim the com-
bination of the wheels «, 4, of Fig. 1, Draw-
ing F, with the spring @, (which sustains the
carriage frame N), and the shaft K and
also the combination with the wheels «, d,
and shaft so arranged of the antifriction
wheels b and e, moving in bearings attached

to the carriage frame, the whole being con-

structed and operating substantially in - the
manner and for the purpose hereinbefore
described. - . ' ' :

In testimony that the above is a corfect
specification ‘'of my improvements I have
hereto affixed my signature this nineteenth
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day of April in the year eighteen hundred

and forty-three, ) ) i
N ' JAMES PILBROVW.
. Witnesses: I

Winniazx Hanping,

THos. Warrs.,




