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To all whom it may concern.:

Be it known that I, CHARLES T. PORTER, &
cifizen of the United States, residing at Mont-

clair, in the county of Essexand State of New |
Jersey, have invented a certain new and use-

tul Improvement in Steam-Engines, of which
the following is a specification. -

In the reciprocating steam-engines, the use
of the piston valve for steam distribution, ac-
cording to existing methods, isattended with
serious objections. S |

First. The common slide valve acts as a re-

- lief valve, being lifted from 'its seat by ex-

cessive pressure in the c¢ylinder before this
reaches an injurious amount; but the piston
valve cannot perform this funection, and if,
on the closing of the exhaust, water is im-

- prisoned in the eylinder in excess of the ca-

20

25

pacity of the clearance and passage between
the piston and valve, some part of the engine
must be strained or broken. This is most
liable to occur on starting. An unknown
quantity of wateris often present in the steam
pipe, and a great deal 1s condensed in heat-
ing up the cylinder. This must be worked

off carefully, and starting is always attended

with anxiety. Only the large area of waste
room, in clearance and port, adding, as an

- average in high speed engines, from seven to
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elght per cent. at each end of the eylinder to
the piston displacement, enables these en-

gines to be run without constant liability to

break-down from water in the cylinder. Such
an amount of waste room is well known to be
fatal to economy in the use of steam, but
this consideration compels it, even in cases

where it would not otherwise be required, and

even with large waste room water in the eyl-
inder is the most fruitful cause of disaster.
Second. Again the valve is always heated

sooner than its seat, especially sooner than -

the seat on the exhaust side of the port, and,
if it is a proper fit, it will at first be seized by
its more rapid expansion, and time must be
allowed for the temperature to become equal-

- ized, or a break-down is certain from this

- cause also; and with all possible care the sur-

50

faces almost always become torn and really
good fits cannot safely be employed.
Third. The steam jacket is certain to be-

come filled, after a little time, with air which

-

1

'] densed, unless special provision is made for

gettingrid of it. The efficiency of the jacket
1s thus much impaired, since to the extent
that air is present it prevents the space from
being oceupied by steam, bringing heat.
‘Fouarth. When the cylinder and the steam
chest and the exhaust passages areseparated
from each other only by partitions, a loss
of heat is suffered by conduction through

55
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these partitions; such loss varying in amount

according to the extent of the surfaces, and
the difference between the temperatures to
which the opposite surfaces are exposed, and
also according to the quantity of water pres-
ent. Sometimes the loss suffered in this way
18. very great, and it is always considerable.
These defects in engine construction it is
the object of this invention to avoid. I ac-
complish this object in the following man-

‘ner:—I admit the steam between the ports of

the eylinder into a pipe or pipes connecting

.65

the ports, but not otherwise connected with

75

the cylinder, and I take away the exhaust
through continuations of this pipeor of these
pipes at each end, leading to external pipes.
I envelop these pipes and the ports and the
valve seats formed in the pipes on both sides

of the ports, as well as the cylinder, in a

steam-jacket, which thus embraces all the
working parts.
jacket in the following manner:—The main
steam-pipe is continued direct to the jacket,
and a branch from this pipe, leaving it at

right angles, conducts the steam to the con-
troliing valve of the engine. By thismeans,

as soon as steam is admitted to the pipe from
the boiler, it fills the jacket, and all water

coming from the boiler or condensed in the
| pipe, passes into the jacket.

After two or

1 take the steam into this

8o
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three minutes, the jacket being properly

‘drained, but maintaining the pressure of the

steam- therein and consequently attaining the
high temperature of the steam the cylinder,
pipes and valve-seats have reached the tem-
perature of thesteam. Theengine maythen

95

be started with absolute safety. Littleor no -

water passes into the cylinder, and very little

| is condensed in it except to supply the heat

transformed into work. - The valves may also

o)

)

be snugly fitted, and no abrasion of the sur- - -

faces will take place.

is abandoned by the steam in being con- | clearance and port can also be safely reduced

The waste room in
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to thelowest practicable point. My construe-

tion requires at each end of the cylinder, for
clearance and port, only about two per cent.
additional to the piston displacement. How-

ever the boiler may prime, the construction

of the steam pipe causes it to act as an effi-
cient separator. The momentum of the wa-
ter, carries it past the angle in the pipe, and
the steam goes on to the cylinder practically
dry. The important result is thus obtained
of extremely small waste-room with absolute
immunity from injury by water in the ecyl-
inder. o
The problem of getting rid of air in.the
jacket I meet as follows:—In a compound cyl-
inder engine I use an intermediate chamber,
whether the compounding be on the tandem
or the cross plan, and employ such chamber
as a re-heater. I maintaina continuous flow
through the jackets and the heads of both
high and low pressurecylindersinto the pipes
of this re-heater. This current carries the
airwith it.  Toinsure acurrent through each
of the jackets and heads, I make the pipesin
the reheater in four sections, and connect the
pipe from each jacket and from each pair of
heads to a separate section. DBy thisarrange-

ment I am enabled also, when found desirable,

while maintaining a sufficientcurrentthrough
the jacket and heads of the low pressure cy!l-
inder,to take into them steam of alower tem-
perature than that of the boiler, by meansof
a reducer, or otherwise; returning the con-
dénsed water to the boiler separately.

To insure that the current shall move
through every part of each jacket without
permitting air to accumulate anywhere, I in-
troduce the steam through a perforated pipe
extending the whole length of the jacket on
the upper side, and take it away at several
points equally distributed at the bottom. I
admit the steam to the heads of each cylinder
by internal passages from the jacket, and
take the current from the bottom of the In-

- terior of each head, connecting the pipes in

such a manner that an equal current will be
drawn from each one. Finally, the air and
water are drawn equally from each of the
four sections of pipes in the re-heater, the
air is liberated and the water is returned by
any suitable means to the boiler.

In the jacket of a non-compounding cylin-
dernostrong current such as above described,
is possible. The water is drawn from the
bottom of the jacket in such c¢ylinders and
returned to the boiler, and the air is neces-
sarily abandoned. Toremove this, I employ
a small blow-off pipe drawing equally from
two or more points as remote as possiblefrom
the point or points at which steam is ad-
mitted, and provide at the end of this pipe a
valve which is left slightly open. |

The feature of making the jacket to en-
velop the steam passages is considered also
to increase the economie value of the jacket.

The accompanying drawings form a part of
this specification and represent what I con-

Fig. 8.

shown 1t. .
the cylinder and to the valve-seats and ports,

517,082

sider the best means of carrying out the in-

Figurel isa general side elevation. Figs.

2, 8, 4 and 5, show the low-pressure cylinder
and its attachments on alargerscale. Ifig. 2
is a side elevation partly in vertical section,
the section being taken on the line 2—2 in
Fig. 3 is a transverse section in the
midlength of IFig. 2. Tig. 4 is a central lon-
cgitudinal section. Iig. § is a side elevation

partly in vertical section showing the high-

/5

pressure cylinder and a portion of the low

pressare cylinder and the connecting parts.
Fig. 6 is a cross section on the line 6—6 in
Fig. 5. Fig. 7 is an end elevation partly in
section. TFig. 8 is a cross section on the line
S—8 in Fig. 1.

Similar letters of reference indicate corre-
sponding parts in all the figures where they
appear. -

80

In common with some of the standard styles |

of construection, I make the eylinder and an
outer casing or inclosing shell and the re-

quired valve-chamber in a single casting. 1
will designate the whole of this casting as A,

using super-numerals, when recessary, to dis-
tinguish certain portions. .

B is the front head, that nearest the shaft,
and C the back head, using super-numerals
as B/, C’, when necessary, to designate certain
parts of these., The cavities or chambers in

“each will be designated by the corresponding

lower-case letters, asa, b, c. Thestout “bed”
casting which connects the eylinder strongly
to the bearings of the shaft, not shown, 18
marked D.
E’ and connections therefrom to the crank,
not shown, and to another piston, if the en-
gine is compound, may be all of ordinary con-
structions. |

A’, A/, are valve-seats united with the cyl-

The piston K and the piston rod

9C

¢

100

105

inder by properly formed ports a, and. con-

nected together and to the ends of the outer
shell by straight pipes A% Kxcept on small
eylinders, I prefer to make two of these valve-
seats at each end of the cylinder, the valves

in which are connected through their stems,

and work together as one valve and have so
At asufficient distance exteriorto

and these pipes, is a completely inclosing
shell A*connected to theeylinderby its heads
A% and by studs A? making a steam-jacket
space o’, which extends continuously around
the cylinder and also around the valve-seats
A’, ports a, and pipes A% The pipes A* are
distinet from and clearof the cylinder, so that
the steam in the jacket space a’ may com-
pletely surround them. This insures a uni-
form temperature on all sides of these pipes,
and that the valve-seats formed in them on
both sides of the ports, shall be completely
warmed before steam is admitted to the dis-
tributing valves to impel the piston, and also,
that the valve-seats shall maintain their true
cylindrical form. I

The piston-valves, reciprocated by pmper

110

115

120

125

130
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connections to the working portions of the |

engine, fit tightly and easily in their truly

bored cylindrieal valve-seats A’, and each ex-

poses its corresponding port ¢ at the proper
periods to the strong steam at a high temper-
ature which fills the pipe A* between these
valve-seats,and to the exhaust passage which
leads axially out and awayinto a suitable ex-

~haust pipe. The pressure of the strong steam

IO

20
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against the inner faces of these piston-valves
being perfectly balanced, the valves are prac-
tically frictionless. The successive exhansts

are led directly away in opposite directions

through the ends of the jackets without ex-
posing the relatively cool exhaust steam to
the heated surfaces so as to abstract their
heat. | |
A’ is a sufficiently stout stud or boss which
18 chambered in its interior, and the use of
which will be explained presently. In the
interior of the front head B is an annular
chamber b, and in the interior of the back
head C is a circular chamber¢. These heads

are strongly braced and stiffened by radial

webs B’, C’. Free comimunication is made to
the chambers 6 and ¢, from the ends of the

Jacket space a’,through passagesd’, ¢’ formed

in the flange of each head, and connecting
with openings a? in the heads A% of the in-
closing shell A4 i -
The steam' is brought from the boiler
through a pipe K, which may be provided as
usual, with a valve, not shown, near the boiler,

but which valve is always open except in

emergencies, so that under all.ordinary con-

~ditions the steam stands in the connected
pipe J ready to be admitted 1o the engine on

opening the controlling valve L. The pipe
F which brings the steam to the chamber or

Jacket space a’, is connected to the pipe K,

so that whether this valve be opened or closed
the steam will have aceess through the pipe
F to the jacket space a’. At the point J’
where the ~steam for the eylinder is taken
from the pipe K, the current turns abruptly.
The pipe F is in line with the motion of the

- steam as 1t comes from the boiler, extending

50

35

6o

/.

directly downward while the pipe J is at a
right angle to such motion. It follows from
this arrangement that although the steam
taken through the pipe F into the jacket-
space a’ is only a small proportion of the to-
tal flow through the pipe K, the particles of
water which come along with the steam are
projected forward in a straight line by their
momentum and also by their gravity, and ul-
timately flow with a small quantity of steam

into the jacket space ¢/, ard the steam which

turns the abrupt angle and flows away to im-
pel the piston is quite or nearly dry.

In compound cylinder engines T am able to
obtain an active circulation through every
part of the jacket space a’, and the chambers
b and ¢ in the heads B and C, of both the
high-pressure and the low-pressure eylinders.

This I effect in the following manner:—The
hollow stud A° in each eylinder receiveslive |

Sfea;m'thrbugh the pipe F which connects with
the steam pipe K at a point beyond the con-
trolling valve L, as already deseribed, so as to

insure that there shall always be steam sup-

3 r.:. 'r |
LE

70

plied thereto. Iadmitintothejacket-spaceof

the high pressure eylinder, steam at the boiler
pressure. Iprovidefordistributingthesteam

uniformly into all parts of the length of the
jacket-space a’, by means of the perforated

pipes G having their outer ends closed and

75

their inner ends tapped into the boss AS. The

steamreceived throughthepipeFisconducted
by these pipes G along the whole length of the

8o _

cylinder and is discharged equally through -

the perforations ¢ distributed throughout its

length. I attach importance to the fact that =

the holes in the pipe G which discharge the

Jets of steam into the jacket are arranged in

two lines, one on each side of the pipe G, so

that the jets through the several holes are
projected to theright and left. This insures

that thesteam shall be delivered actively, and

with approximate uniformity through all
parts of the upper half of the jacket. The

~distribution of the holes for the connections

of the pipes H over a large portion of the
lower part of the jacket insures the removal
of thewaterand a small quantityof the steam
and air also with approximate uniformity
from all portions of the lower part of the

e

95

jacket. I maintain through all parts of this

jacket-space, an active movement of the steam

and of whatever water and alr may be min-
gled therewith, by taking it away through a

10C

number of apertures distributed over the =

whole lower half of the shell At This is ef-
fected by pipes H’, shown as tapped through
the shell at eight points, connecting together
first in twos, then in fours and finally all unit-

Ing in a pipe H, which conducts away the wa-

ter,steam and air from the jacket space.
Active circulation through the

and C, of each eylinder, is secured by provid-

ing an exit pipe I’ leading from the lowest

point of each.  The two exit pipes from the

‘heads of each cylinder are united in a single
pipe I in such a manner as toinsure an equal
current through each of the two heads. T

have thus four exit pipes,one from the jacket
space a’, and one from the heads, of each cyl-
inder. These pipes are continued as follows:

M is a capacious ehamber of boiler iron, or
other suitable material, liberally incased in
felt, wood or other good ‘non-conductor, and
which serves as a receiver and a re-heater
for the steam in its passage from the high

pressure to the low pressure eylinder. How-

ever dry the steam may have been brought to

the high-pressure cylinder it is certain oa its
~discharge, from the loss of heat due to its ex-

change into power,and from other sources, to
contain particles of unevaporated water. I
provide for supplying heat to effect evapora-
tion of such water by circulating steam at a

108

jacket-
-8paces 1n the hollow interiors of the heads B

IIO

(15

120 -

[25

[30

high pressure, through pipes which are. in- -

closed in thereceiver. I dividesuch pipesinto



4

four sets, P, Q, R, S, and circulate steam inde-
pendentlythrough eachof these four sets. T'he
steam for one set, P, is supplied through the
pipe H from the main jacket o’ of the high
pressurecylinder. Thesteamforan adjacent
set, Q,is supplied through the pipe I,from the

“chambers band cin the headsof thehigh press-

IO
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the low pressure cylinder.

urecylinder. Thesteam for the third set, R, 1s
supplied through the pipe H’,from the main

jacket ‘a’, of the low pressure cylinder, and

the steam for the fourth set, S, is supplied
through the pipe I’ from the chamber & in one
head and the chamber ¢ in the other head of
I trap out the wa-
ter and discharge the air from each set through
separate pipes P/, Q’, R/, 8. The cocks or
analogous provisions for the latter purpose
may be of any ordinary or suitable construc-
tion. It isessential that the traps be capable
of discharging all the water, both that which 1s
received with the steam through the pipe F,
and that which is produced by condensationin
its work of maintaining the heat of the cylin-
der, and in its further work of re-heating the
steam in the receiver or re-heater M. 'The
pipes P/, Q’, R/, and S’ may discharge their
waterthrough separatetraps,or maybeunited

in pairsdischarging through two traps, or may |

all be connected and discharge through a sin-
ole trap,according to therequirements of each
case. Pumps may be used instead of traps.
This equipment effects the highest economy in
the use of steaiwn, and is indispensable for this
purpose. When such a degree of economy is
not required, the re-heater and the return of

water of condensation to the boiler may be

omitted, by which omission the construction
is much simplified. _ '.

" In the case of non-compounding cylinders
there can be nocurrent into a re-heater. The

hollow stud Af aswell asthe perforated pipes

G, and the multiple exit pipes H’ and sepa-
rate exit pipes I from the heads, are in those
cases dispensed with. The steam from the

pipe F may be taken into the jacket-space o'

in any suitable manner, the water 18 drawn

from the bottom of this space, and of the

jacket spaces in the cylinder heads, by a
single pipe, and returned to the boiler. The
internal communications with the heads are
made sufficient to insure a practical equilib-
rium of pressure thronghout. The air aban-
doned by the steam in being condensed must
be permitted to escape from all the jacket-

spaces. The pipes for this purpose I locate

in such mannerthat acurrentfromthe points
of admission carries the airasitisabandoned
along to the points of discharge. A small
quantity of steam is necessarily lost with the
escaping air, but with proper regulation this
loss is not appreciable.

I’/ is an inclined pipe connecting the valve
I. with the pipe F so conditioned as fto con-
vey into the latter any water produced by
condengation in the pipe aboveduring astop-

page.
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ing from the principle or sacrificing the ad-
vantages of theinvention. Partscan beused
without the whole. | |
- Although I have deseribed my invention as
a “steam ”’ engine, it is obvious that it may
be used with any volatile flnids. It alds to
maintain the temperature of the interiorsur-

faces at a uniform point, notwithstanding the 75

variations in the temperature of the vapor
under the varying pressures experienced in
the direct stroke and the return stroke of the
piston. o

In some cases it may be desirable to sup-
ply the jacket space of the low pressure cyl-
inder with steam at lower pressure. This I
can do by passing the current for these jack-
ets through a reducing or regulating valve,
not shown. | |

I attach importance to the leading away ot
the exhaust axially from each end because 1t
avoids all contact of the hotter parts there-
with. When, as usual, the hot metal sur-
rounds or lies adjacent to the exhaust pas-
sages, such metal uselessly superheats the ex-
haust, and to do so abstracts heat from the
live steam, thus exerting a refrigerating in-
fluence on the engine. ' |

I claim as my invention-——

1. In a steam engine, the outer shell A*
formed and arranged -as shown so as to in-
close a practically continuous steam-jacket
space o’ surrounding the cylinder A, valve-
seats A’, portsa and admission pipes A? such
outer shell being formed integral with the
cylinder, all substantially as herein specified.

2. In a steam-engine, the admission-pipes
A? connecting the valve-seats, having a shell
Atinclosing the whole,and arranged as shown,
so as to allow the steam in the jacket space
a’ to flow completely around sald pipes, tho
parts being braced by studs A® all formed 1in-
tegral, as herein specified. |

3. Two steam-pipes, one straight and the
other connected thereto at an angle, bringing

steam from the boiler to the cylinder, and a

jacket around the same, arranged as shown,.
so that the steam for the jacket is allowed to
move in a straight line past the junetion,and
the steam to be used in the cylinder 18 caused
to turn a sharp angle, in combination with
provisions as the pipes II’, II, for conveying
away the water with a small proportion of
the steam from the jacket, all substantially’
as specified.

4. The two steam pipes F and J,and june-
tion J’,in combination with the steam jacket
A% and with the pipe K supplying steam,
arranged as shown, so thatany water mingled
with the steam received through the pipe K
shall be projected by its momentum and grav-
ity past the angle and be delivered through
the pipe F in a straight line and theénce into
the jacket-space a’, and that the pipe J shall

receive mainly dry steam, as herein specified.

5. In a steam-engine having an outer shell
At inclosing a jacket-space o', the pipes J,

Modifications may be made without depart- I K, turning an angle and supplying steam to

I00
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|

the cylinder to impel the piston, and the pipe-

F supplying steam to the Jacket-space, con-
nected to the pipe K at the angle J’, and the
valve L and pipe L’ combined and arranged
as shown, so that the particles of water in the
steam shall tend, by their momentum, to be
thrown into the pipe F and be led to the
Jacke$ space, and the drier steam shall beled
to the interior of the cylinder, and any water
collected in the valve shall be removed, all
substantially as herein specified. .

6. In a steam-engine, in combination with
piston-valves reciprocating within the cylin-
drical valve-seats A’ and with a jacket Atin-
closing both the main eylinder A and such
valve-seats, the exhaust passages leading ax-
1ally away from such piston valves in oppo-
site directions into external pipes, substan-

~ tially as herein shown and deseribed.
20

7. In a steam-engine having a jacket, pro-
visions as the branched pipe I, H’, for drain-
ing the cylinder from a number of widely dis-
tributed points in the lower portion of the
jacket, in combination with means as the per-
forated pipe G for introducing the steam at
a number of widely distributed points in the
upper portion of the eylinder, with apertures
for such induction of the steam to the jacket
being arranged in two series at or near the
line of the highest point of the eylinder, and

- discharging thesteamin jetsin opposite direc-

tions from such line,all substantially as here-
in specified. - .
3. 1n a compound steam-engine having on

i L St —

‘through the whole, as and for the purposes

.

5
each cylinder a shell A* 1nclosing the st'eam; 35 '
Jacket space a’, and heads B, C, having in-

closed chambers b, ¢, serving also as steam

jackets, and a receiver M in which the steam
is retained in its passage between the eylin-
ders, the series of separate heating pipes P, 40
Q, R, S, traversing such receiver, in combi-
nation with the separate connections H, H’,
I, I/, to each from the several jackets, ar-
ranged to carry steam independently from
each jacket through the said receiver, all ar-
ranged for joint operation substantially as
herein specified. S

9. In a compound steam-engine having the
shells A* inclosing the steam jacket spaces o’
and heads B, C, having inclosed chambers b,
¢, serving as steam-jackets, and a receiver M
in which the steam is retained in its passage
between the cylinders, containing the series
of separate heating pipes P, Q, R, S, the sepa-
rate discharge pipes P/, Q, R’, S/, for con-
veying away the waterand airindependently
from each, so as to insure an active and ap-
proximately uniform movement of the steam

55

herein specified. o 6o
In testimony thatI claim the invention
above set forth I affix my signature in pres-

ence of two witnesses. - |
CHARLES T. PORTER. -

Witnesses: .
M. F. BOYLE,
H. A. JOHNSTONE.
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