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UNITED STATES

PATENT OFFICE.

GEORGE BASIL DIXWELL, OF BOSTON, MASSACHUSETTS.

IMPROVEMENT IN PYROMETERS FOR STEAM-ENGINES.

Specification forming part of Letters Patent No. 160,400, dated Mareh 2, 1875 ; application filed
December 19, 1874.

CAse B.

To all whom it man-concern:

Be it known that I, GEORGE BASIL DIX-
WELL, at present a resident of Boston, of the
county of Suffolk and State of Massachusetts,
Lave invented a new and useful Improvement
in Steam-Engines; and do hereby declare the
same to be fully deseribed in the following
specification and represented in the accompa-
nying drawings, of which—

Figure 1is a top view, and TFig. 2 a fron
elevation, of a steam-boiler and engine-eylin-
der with my invention applied thereto.

Suech invention has for its object to obtain,
with the smallest possible change of the exist-
ing form of steam-engines, the total suppres-
sion of eylinder condensation, and the great-
est amount of further advantage from super-
heating that is compatible with safety to the
working parts. These have been found, by
long and carefully conducted experiments, to
be uninjured by a temperature a little above
4000 Falirenheit in the eylinder,but many en-
gines have been ruined by the use of a much
higher temperature. I assume, then, that for
the present, until better lubricators are intro-
duced, 400° Fahrenheit is the limit for the
heat of steam in the c¢ylinder; but 400° Fahr-
enheit in the eylinder imports a higher tem-
perature in the superheater, because, even af
full stroke, the entering steam must counter-
balance radiation, and -at shorter stroke it
must also counterbalance the refrigeration
arising out of the work done after the cut-off,
and this last inereases with each increasing
measure of expansion. ;

Experiments have shown that the heat fo
counterbalance radiation, and the conversion
of heat into power after the cut-off, is taken
from the metal of the cylinder, which, in turn,
upon the next stroke, absorbs the equivalent
from the steam which enters up to the point
of cut-off.

If the steam be sufficiently superheated to
balance radiation and the work done it will,
at the point of cut-off, be in a state of satura-
tion, without any condensation or formation
of mist; but in this case the full practicable
advantage of superheating will not be ob-
tained. This can only be done by adding tfo

the superheated steam in the heater such fur-
ther temperature as will raise it at the point
of cut-off to 400° Fahrenheit. It is necessary,
- then, to superheat the steam by the amount of

the difference between its temperature at sat-
uration and 400°, and also by the equivalent
of radiation, and also by the equnivalent of the
work done after the cut-off. I say the work
done after the cut-off, because the refrigera-
tion eaused by the work done up to that poing
takes place thronghout the whole steam exist-
ing in boilers, pipes, and e¢ylinder, and the pro-
portion existing in the cylinder is, especially
at short cut-off, an insignificant part of the
whole.

Theory would lead us to expeet this; and in
experiments on a large scale, carefully con-
ducted and of long duration, the amount of
heat absorbed by the metal from the super-
heated steam agreed very closely at the differ-
ent points of cut-off with the sum of radiation
and the equivalent of the work done during
expansion,

1t is evident, then, that to maintain the heat
in the eylinder at 4000 Fahrenheit requires at
each cut-off a different temperature in the su-
perhieater; and, in fact, in the experiments
above referred to, 400° Fahrenheit in the ¢yl-
inder, at a cut-off of seventy per cent., required
5300 Fahrenheit in the superheater; 4000 Fahr-
enheit in the eylinder,at a cut-off of one-half,
required 568° Fahrenheit; and 400° Fahren-
heit in the cylinder, at oune-third cut-off, re-
quired 626° Fahrenheit in the superheater in
the engines nused. But these differences be-
tween the cylinder and superheater tempera-
tures will vary with different engines, because
the amount of radiation varies greatly,and we
cannot, therefore, rely upon the superheater
temperatures to indicate the cylinder temper-
atures until we have ascertained by experi-
ment the differences which actually exist in
each particular engine.

Having thus premised, I now proceed to de-
scribe the nature or character of my present
invention.

In the accompanying drawings, A denotes
the cylinder, and B the boiler and furnace, of
an ordinary steam-engine, the boiler being for
the production of superheated steam, to be
used expansively in the eylinder, which is sup-
posed to be provided with a eut-off. The pipe
for conveyance of the steam from the gener-
ator to the steam-chest of the cylinder is shown
atC. A pyrometer,D,is arranged in thelower
part of the cylinder, its stem ¢ being to pro-
ject through the cylinder, and being jointed




to an index-pointer, b, to operate with a grad-
uated arc or scale, ¢, to indicate the tempera-
ture of the steamn in the eylinder. Another
such pyrometer, E, is similarly applied to the
steam - generator or superheater, and has its
index-pointer d projected over a wooden scale
or platform, e.

I work the engine at a given ecut-off, say,
(forinstance,) one-third, and note the tempera-
ture indicated by the pyrometer in the cylin-
der, noting, also, at the same time, the tem-
perature in the superheater. If I find the
temperature in the cylinder to be 4000 Fahr-
enheit, while that of the superheater is, say,
6000 Falhrenheit, I malke upon the pyrometer
scale-board of the superheater, against 600°
TFahrenheit, the words *one-third eutoff” I
next work the engine at another cut-off, (say,
for instanee, one-half,) and if I find that with
4000 FFahrenheit in the cylinder the pyrome-
ter of the superheater shows, say, 560° Fahr-
enhbeit, I mark against 560° Fahrenheit of the
pyrometer-scale of the superheater the words
“one-half cut off.” And so I proceed until the
pyrometer of the superheater is, so to speak,
gradnated for the different cut-offs. I next,
it disposed, withdraw from the cylinder the
pyrometer placed in it, and rely thereafter
upon the pyrometer of the superheater, grad-
unated as described.

Fig.3 denotes the pyrometer-scale, provided
with the divisions for temperatures, and the
marks to indicate the cylinder temperatures
for different cut-ofts, as set forth.

In ovder to audibly indicate the tempera-
ture of the superheater I apply to the scale of
the pyrometer an adjustable metallic slide, ]
fixed to the scale by a clamp-screw, ¢, going
througlh a slot in the slide. To the said slide
J Lattach a wire, &, of an electro-magnetic car-
rent, whbose electro-magnet is shown at 4 and
battery at k. The armature [ has an elevat-
ing-spring, m, and is, in effect, @ hammer to
strike a bell, n, arranged over it, as shown.
Fromthe bell a circuit-wire, #/, extends to and
through an electro non-conductor, m/, fixed
upon the index-pointer of the pyrometer of
the superheater, and thence is turned toward
the slide f.

When the index-pointer may arrive at the
position for which the slide is to be touched
by the end of the current-wire carried by the
said index-pointer, a galvanic circuit will be
completed, and the alarm-Dbell will be rung.
When the engine may have been set to work
at a particular cut-off, the adjustable slide f
is to be arranged so that before the cirenit
may be completed the index-poiuter may have
passed z little beyond the indicating division
of the cut-off, and whenever this point is
reached the electric bell will give the alarm
and the temperature of the superheater will
be easily diminished by partly elosing the
damper, or by diminishing the fire, or by
opening the door of th efurnace, or any other
of the usual meaus.

There is also applied to the pyrometer-scale
another such adjustable slide, /7, arranged as

shown. Its purpose may be thus esplained:

To this auxiliary slide #, and to the non-con-
ductor m/ of the index-pointer, circuit-wires o
p are attached, and arranged as shown, they
leading to the electro-magnetic alarm appara-
tus, or another such having a bell of a tone
differing from that of the other bell.

When it may be desired to have an alarm
indicate that the heat in the superheater has
descended below the equivalent of a previous-
Iy-selected minimum, (say, for instance, 3700
Falirenheit,) the auxiliary slide f7 is to be ad-
Jjusted properly to the scale, so that when the
degree of temperature may have been reached
the wire of the index-pointer may be brought
info contact with the auxiliary slide, and thus
create closure of the circuit and the sounding
of an alarm.

My invention is based upon four facts, which
I have discovered from experiments. The first
is that superheated steam, unlike the gases,
gives up its heat to metallic surfaces, and re-
ceives heat from them with great rapidity.
The second is that the metallic surfaces of the
cylinder and piston take up with immense ra-
pidity the excess of heat existing in super-
heated steam brought near them, and by their
great weight convert a high temperature of
steawm into a much lower temperature of metal.
If we suppose the temperature of the enter-
ing steam to exceed the temperature of the
eylinder by, say, 200° Falirenheit, a very thin
film of the cylinder and piston will suflice to
reduce this excess from 2000 Fahrenheit to 200
Fabrenheit over the original temperature of
the internal surfaces. The third is that the
said metallic surfaces give back to the expand-
ing steam the heat previously absorbed, in
such a manner as to supply the heat which is
converted into work, and the heat withdrawn
by radiation. The fourth is that different quan-
tities of heat are thus absorbed and givei out
with different measares of expansion, so that
the steam must, and safely may, be super-
heated to temperatures proportioned to the
said measures of expansion plus the heat with-
drawn by radiation.

I ¢laim as my invention as follows, viz:

1. The combination of the two pyrometers
D E with the superbeater B and the engine-
cylinder A, to be operated by such, as and for
the purpose specified.

2. In combination with the two pyrometers
D E, saperheater B, and the engine-cylinder
A, applied as deseribed, one or more adjusta-
ble slides, £ /7, and one or more electro-mag-
netie alarms, applied thereto, and to the py-
rometer of the superheater, all substantially as
and for the object and purposes as explained
and represented.

GEO. BASIL DIXWELL,

Witnesses:
R. H. EpDY,
J. . Sxow.




