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To all whom it may coficerns .. . -
Be it known that I, O. M. STILLMAN, of
Westerly, in the county of Washington. and
.State of Rhade Island, have invented certain
new and useful Tmprovements in Steam - En-
gines; and Ido herebydeclare that tlie follow-
.ingis-a full and exact description thereof; ref-
“erence being hdd to thé accompanying draw-
ings, which form a part of thisspecification.

Figure 1isalongitudinal section on the:line

S'S.in Fig. 25 and.Fig. 2 is a transverse sec-
tion on'the line T T in Fig. 1. - o
: Similarlettersof reference indicatelike'parts
in both the drawings. .. :
. The figures represent the parts eontaining
the novelty, with so much of the 6ther parts as
isnecessary to understand theirrelations there-
to. - :

My invention relates to-the use -of super-
heated steam, or-steam which has been heated
after its disengagement from. the water.
~ "T-conduct the steam from the boiler to the
eylinder in a superheated condition and apply
[it, first, equally to the entire exterior of the cyl-
inder, and afterward, in the usual manner, to
{he interior of the cylinder, realizing thereby.
advantages in the economy of fael and mod-
eration of:heat on the working parts never be-
fore so.simply and cheaply attained. )

Before proceeding to describe the details of
_my ¢onstraction, I will briefly present’the
‘theory on which my invention is based. This
theory is not new.

Steain possesses the reﬁiarkable peéuliarity '

of changing its temperature very greatly with
changes ot pressure.” Steam. at one -or two
pounds absolute pressure; which is far below
thepressure of the atmosphere, exists as steam,
bnt. is only about blood warm, or 1000 Fahr:
enheit, “The:same steam compressed to.a small

volume; so that its pressure shall equal thatof |

theatmosphere hasa temperatare 0£212° Fahr-
enheit, and if still furtlier compressed, so as to
attain apressureof fifty pounds per squareinch
above atmosphere it-assuries-a temperatare of
-~ abonut 3000 Fahrenheit. This property induces

a1 greatlossof effect in.steam-engiires as ordina-:

- 1ly worked. Thislossoceursinthiswise: Sup-

pose the steéam to be thoronghly applied to the.

‘meta’ of the ¢ylinder until the latter attains
- the-same temperature throughout as that of

_can escape from itsexterior surface,

| the sfeam at full pressure; and suppose the

cylinder to be so thickly élothed that no. heat
BSCE Now, the
admission of steam through the steam-valve-
into.one end of the cylinder acts as desired to
impel .the piston to the end of the stroke.
Then the exhaunst-valve opens and the steam
is allowed to escape into the atmosphere or

“ifto: the condenser, as the case may be; bat

a certain quantity remains in the eylinder, be-
cause ‘the space where it was-remains filled
with steam, but at a much lower pressure than-
before. (The temperature of the remaining
steam s very greatly lowered by reason of its
diminished pressure.) Now, during this state

.of things the thin steam stands inclosed within

a metallic cylinder of a much higher tempera-
ture than itself. * The  natural resalt follows:
It absorbs heat from the metal and assumes a
condition known to steam .engineers as ¢su-
perheated”—that is to say, the thin steam
which is tardily expelled from the cylinder as-
sumes a temperature some ten or more degrees

‘above that corresponding to its pressure. e The

heat- required to produce -this- condition is
transferred. from’ the solid cylinder into the
steam by a process known as “convection.”
The conveection is similar-to the conduction of
heat between solids, except that the particles
of the fluid are'in motion, and & great number
are presented very rapidly to the metal to. be
heated.- The heat is taken away by this pro-
cess from the inner surface of the cylinderand-
diffused throughout the steam.. After thisrare
and superheated steam has been all driven out:

-into the condeénser or into the atmosphere by
‘the returning stroke.of the piston, steam.at

fall pressure is again admitted from the boiler

to impel the piston, and the round of opera- -

tions above described commences: to be re-
peated ; but now the condition of the eylinder
is not -the same as was supposed for: the pre-
ceding stroke. 'The metal of the cylinder in-
the preceding stroke was assumed to be at ex-

.actlythesametemperatureas the steam.” Now, -

it is cooler, because heat has been abstracted
from- the inuer surface of the cylinder and con-

veyed away with the exhaust-steams;, 4s above

described. - When the fresh steam ‘at full tem-

.perature strikes the slightly-cooled interior of

the cylinder it heats the metal again nearly or
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quite to its ongmal temperature, but in doing

so the steam ‘is cooled. It necessarily parts

with some of its own heat. The abstraction of
- thisheat from the steam compels a small quan-

" tity of it to condense and agsume the form of-

water. This water. ténds to adhere to the in-
ner wall of the cylinder, where the ¢ondensa-
“tion has necessarﬂy oceurred. A portion will
undoubiedly remain like a fie dew, adhering
to the interior of the cylinder. Now, the meo-

ment the stroke is completed and the.exhaust-

valve again opens the same phenomenon is re-
‘peated as before, with the addition of the evap-
" oration of thig thin stratum of water.

As ordinary steam - engines are actually
started and operated the cylinder never ai:
tains the full temperature of the steam in the
boiler. It isalwayscooler,and when thesteam

is admitted ‘2 portion is condensed and gives:

‘hest to the metal, and when the steam is ex-
haunsted the temperatule of the metal of the
cylinder, although insufficient before to equal
that of the‘strong steam, now exceeds that of
the weak ¢ool steam which is presented fo the
inteiior surfuces of the eylicder during the re-
turn-stroke; and always underthis latter condi-
tion (while the metalis hotter thanthe waterand
© steam which is presented to it) it gives off heat
" o the particles of water and re-evaporates
.them into steam, and that steam flows away
with tbe rest throngh the open exhaust-valse.
This process iz repeated at each siroke, and
the quantity of heat thus stealing away from
the boiler into the exhaust-pipe without bLav-
"ing performed its proper work in the englne
has been estimated by some French and other
careful experimenters as high as one-third of
all the beat used. It is important to under-
stand this, and I will repeat. The heat‘enters
~with the steam through the steam-port in the
ordinary wav, but instead of remaining in the
stedm, maintaining its fully-expanded condi-
tion, so as to impel the piston properly to the
end of the stroke, a part of it instantly; on be-
ing presented to the surface of ‘the cylinder,
enters the metal of the cylinder, ailowing the
steam to condense on its surface. This heat
then remains concéaled in the metal, while the

other particles of steam, which remam ex-

panded by the remammg heat; are compelled
to do the work of pushing the piston alone;
bat immediately on the steaw-pressure being
redueed in the interior of the cylinder by the
opening of the exhaust-valve, the heat which
had thus entered the meial returns and again
enters the water,causing it to assume the con-

‘dition of steam and leave the surface of the
metal in time to pass off with the exhaust. In
short, when the steam is admitted to the cyl-

mder, a pertion is condensed, adbering o the
inner surface of the cylinder uutll ihe exhaust
is opened, when the heat of the cylindercauses
the condensed particles to evaporate and pass
off with the otlrer steam, but having done no
part of the labor. Inorder to obviate this dif-
flenlty, steam direct from the boiler wasatan

early date introduced into a jacket to assist in
maintaining the requisite heat in the metal of
thecylinder, the water condensing in the jacket
flowing back to the builer or escaping through
a trap. Althoagh ‘this was of advantage, yet,

owing to the resistanee of the metal of thecyl-

‘inder, the heat was not transmitted with suffi-

cient rapidity to maintain the interior surface.
of the cylinder at a temperature sufficiently
high: to prevent 4ll internal condensation.
More recently common steam. on its way from-
the boiler has been allowed to flow in a con-
stant stream through the jacke$, and thence
into the steam-chest; but in such cases little
advantage resulted, because a3 the heat im-
parted to the cuiside of the cylinder, by its
absence from the steam, allowed a portion of"
the steam to condense, the resulting water was
carried along with the cturrent of steam into-
the ¢ylinder and deposited on the interior sur-
fage, where, upon the opening of the exhaust, -
it re-evaporated and absorbed the heat it had
just before imparted to- the exterior surface.
Later experimenters have recognized these
facts, and some bave jacketed their cylinders
with stronger steam, or steam at higher press-
ure thanthatadmitied intothecylinder. Hay-
craft, in Great Britain, and E. W. Bmith, in
our ow n eountry, have pubhshed plans for ef-
fecting this, Both use an-additional boiler, in
which steam-is maintained at a higher press-
ure than that in the working-boiler. Hayeraft -
placed: his extra boiler’ 10wer than the steam-
cylinder, and allowed the.steam as it con-
densed in the jacket to trickle down in the
form of water and return to the same boiler fo
bere-evaporated. Smith, whoseinvention was
patented in this country in 1861, improved up-
on Hayerafs by placing the hxgh -pressurs
boiler whers lie pleased, or employing the com-
mon donkey-boiler on smpboard to supply the
high-pressure steam, and he discharged: the
saiie in the forin either of steam or water, or

‘of the two commingled, from the lower part of

his jacket into his working-boiler. My inven-
tion is superior to either, by avoiding the ne-
cessity for any extra Doiler, and yet obtaining
the same desirable end of heating the extenor
of the cylinder to a sufficiently hlgh tempera-
ture fo allow the heat to travel inward through
its thickness,and maintain the interiorsurface
of .the eylinder at sueh a condition that the
working-steam will not condense thereon.

In my engine the jacket is so arranged and
combined that the steam from the boiler is first
carried through 'a superhieating apparatus,

‘whereits temperatureisraised; thencethrough

a pipe, where it acts on a device which regu-
lates theamountof thesuperheating; next into
the jacket, where it is distribated equdlly over
all the surf'zce of the exterior of the cylinder
(including tha ends) which can be made avail-
able, and it is afterward introduced directly -
into the steam-chesf, and admitted into the
eylinder in the ordinary mannerto operate the
engine. I{comesfrom thesuperheateratabout
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4500 TFahrenheit, anay be perhapscooled a few

~ degrees in thetransfer through the pipe tothe

Jjaeket, then gives up its sarplus heat rapidly
by conveetion to all parts of the exterior of the

-eylinder, holding the entire exterior of the lat-

ter at about 350° Fahrenkeit; and lowering its
own heat nearly to that point; then it enters
the cylinder at the proper time and urges the
piston, presenting itself to the rubbing sur-

faces. at a temperature which -those surfaces

can endure safely. As the metal on the in-
teriorof the cylinder has becomeslightly cooled
by the heat given up during the preceding
return-stroke, the fresh influx of steam, still

slightly superheated, imparts some of its heat
-thereto, and aids ‘the heat which is traveling

through the metal from the outside in raising

- its temperature again without any steam bein g

condensed. I prefer thatthe steam, after per-
forming its work in driving the piston, shall be
reduced to a condition very near that of satu-
rated steaw, but if it is still something hotter
no evil results follow.” - .

I bave experimented with my invention sev-
eral' montlis, and found a marked economy of’
fuel to resalt therefrom. o

I employ a steam-pressure of sixty pounds
per squareinch above atinosphere.  The tem-
perature due to this pressure is 311° Faliren-
heit. I raise the steam by superheating to a
temperature varying from 400° Fahrenheit to
450° Fahrenheit. ' The temperature is regu-
lated and kept within these: limits by the ther-
‘mostat. R

To guard against risk of fire from any de-
rangement of the regulating apparatus, or any
other cause, 1 inclose my jacketed cylinder and
:mmost of the ether partsin a stratum of plaster,
which ig applied by pouring the :plaster in. a
flaid state into a easing. of thin metal prévi-

" ously provided -around the- exterior of the.

Jjacket. - Outside of this I use wooden lagging
with ofie or more layers of felt, if desired.
Toenable others skilled in the art to make
and use my invention, I will proceed to briefly
describe its construction and opération by the

aid of the drawings, and of the letters of ref- :

erence marked thereun. A v
A is an ordinary boiler. B is the chimney,

and O is a vessel filled with tubes, through-

which.tubes a portion of the products of com-
bustion from the furnace (not represented) is
conducted.  The steam generated in the boiler
A is received into the superheater C at a point
near the chimney B. It traverses the spaces
in the superheater between the hot tubes, and

- rises in a superbeated condition into the pipe
- D, which is thickly clothed to prevent the es-

cape of heat. This pipe D delivers the super-
heated steam into a jacket, B, which surrounds
the working-cylinder (+. The superheated
steam is distributed over both the ends and
over the entire eylindrical surface of the cyl-
inder, except the necessary spaces for the parts
on the upper side, .
His a steam-chest, and % the cteam-valve;

3

TFrom the steam-jacket B the steam is admitted

into the steam-chest H through small holes e.

These holes ¢areso distribu ted; asrepresented,

that the stéam is compelled te flow equally, or
almost equally, over every part of the exterior
of the ¢ylinder G. The working-cylinder G
contains a piston, I, and piston-rod 1, as.usual.
The valve kb is.operated by the rod A iu the.

“ordinary manner, and ‘the connections from

piston:rod ¢ avd the valve-stém &' to the main
shaft J are of the usual chardcter.

Exterior to the casing G/, which incloses the
steam-jacket B and steam-chest H, is a thick "

-stratum of plaster, K.  This non-combustible’

and non-conducting stratum is kept in place:
by an-exterior casing, I, as represented. ;I
make this exterior casing of iron or other suit-
able metal, and surround it finally by felting
and wooden lagging of the usnal character. = :

M is a damper, which may be adjusted, by
the aid of the lever m, so as to allow more or.
less of the produeis of combustion to passinto
the superheater G from the farnaee.

"N is'a casing in which is inclosed a loaded
diaphragm of vulecanized india-rubber. The
under side of this diaphragm is in communi-
cation with a Vessel of water, P, which is im-
mersed in the superheated steam in the super-
heater G, orin the pipe D.  The upper side of
the diaphragm is connectéd by the. pipe O to
the interior of the superheater C in the man-
nér represented. The lever #/, turning on the
fixed folerum a*, and caused to move up and.
down with the movements of the loaded dia-
phragm, is connected by the slight rod #? to
the lever m, and thus turns the damper M.

The operation of my invention is as follows:
The superheated steam flows through the pipe -
D intothe jacket I, and is presented uniformly,
or nearly so, to the exterior of the workin g-cyl-
inder -G, and imparts-a temperature to.said
exterior considerably higher than'that due ‘to.,
the pressure of the steam. The heat this im-
parted travels inward through the metal of the
cylinder G, and is expendéd in maintaing the

-temperature of the interior surface of the cyl-

inder .- A sufficient quantity is so transmit-
ted to keep the extréme inner surface of the
cylinder nearly or quite up to,or,in most cases,
slightly above the temperature of saturated
steam of the same pressure. The considerable

-amount of heat abstracted from the steam in

the jacket E, to be'thus transferred throngh
the metal of the ¢ylinder, lowers its tempera-
ture, so that it passes into the steam-chest H,
and from thence into the. cylinder, only mod-
erately superheated,where, afterimparting the
necessary amount of heat to the inner surface
of tlie eylinder, it is discharged through the
exhaust-port ¢’ at just about the heat of satu:
rated steam'of the same pressure. At notime
is any part of the steam condensed in its pas-
sage through the engine; consequently. the
great loss due in.ordinary engines to the con-
densation and re-evaporation is avoided by
my invention and without the necessity for any
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additional boiler, or for sabjecting the steam-
jacket to.any higher pressure of steam than
 ‘that to which the working parts of the appa-
_ ratus are exposed. The water under the dia-

- phragm in-the casing N changes from the va-
porous to the dense fluid condition in propor-
tion as the extent of the superheating of the
steam is increased and diminished beyond
proper limits. If the degree of superheating
becomes too high, the water boils with.-such
 force as to raise the diaphragm, and through
the connection %%, lever #/, and connection #?,
raises the lever m and closes, or nearly closes,
the damper M, and thus, by excluding the
‘produects-of combustion from the superheater,
" soon reduces the extent of the-superheating.
A too low eondition in this respect induces the
opposite change of position of the damper M
and increases.the extent of the superheating.
By this means the steam flowing through the
pipe D is kept at a uniform, or very nearly
uniform, temperature.- I prefer a temperature
of about 400° Fahrenheit.

If; by any chance, the temperature of the su-
perheated steam becomes too high it might seb
fire to ordinary lagging around the cylinder,

_except for the protection due to the plaster K;
“but’ the incombustible and mnon-conducting

character of this envelope enables it to with- |

stand any required amount of heat and avoids
the chance of such acecident. . o

I propose to incase the pipe D and the su-

. pexheater O in a similar manner. C

Having now fully described my invention,
what I clalm as new therein, and desire to se--
cure by Letters Patent, is as follows:

‘1. The jacket E and eylinder G, constructed

.and arranged as described, in- eombination

with the superheater C, through which the
steam passes on its way to the jacket; substan-
tially as and for the purpose herein set forth. -

2. The within-described arrangement of the
steam-jacket E and cylinder G, whereby the
steam is compelled to flow aniformly, or nearly
50, over the eylindrical surface and-through -
one or both heads of the eylinder, in the man-
ner and for thé purpose substantially as here-
in set forth.

3. The within-described arrangement of the
superheater C, the automatic regulator N, and
its connections, the steam-jacket E, and the
cylinder G, so.as to operate together in the

“manner and for the purpose substantially as

herein set forth.

4, The incombustible clothing K, the jacket -
B, eylinder G, and superheater C, arranged to
operate together, substantially in the manner
and for the purpose herein set forth.

In testimony whereof I have hereunto set
my hand in the presence of two subseribing
witnesses.. ) ’ '

v 0. M. STILLMAN."
" ‘Witnesses: - ' '
~ Wiruiam P. Coy,
8, WILCOX, Jr.




