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UNITED STATES

PATENT OFFICE.

EBENEZER DANFORD, OF GENEVA, ILLINOIS.

IMPROVEMENT IN STEAM-GENERATORS.

Specification formingpart of Letters Patent No. 51,026, dated November 21, 1865.

To all whom it may concern:

Be it known that I, EBENEZER DANFORD,
of Geneva, in the county of Kane and State of
Tllinois, have invented new and useful Im-
provements in the Generation of Superheated
Steam ; and I do hereby declare the following
to be a full ,clear, and exact description of the
nature, constructlon, and operation of the
same, sufficient to enable one skilled in the
art to which it appertains to construct and use
the same, reference being had to the accom-
panying drawings, which make part of this
specification.

In the usual mode of making steam there in-
tervenes between the metallic surface on which
thelfire acts and the volume of steam in the
boiler a body of water which receives the heat
transmitted ; and when steam is made under
these circumstances it is, when of the same
pressure, always of the same temperature.
Thus steam of fifty pounds pressure isalways of
281° temperature, and steam of one hundred
pounds pressureis always of 327.8° tempera-
ture, (Regnault, Bourne’s Steam-Engine,) and
tables prepared for the purpose state whab are
the temperatures of steam of various pressures
when somade. Steam so formed may be called
“natural steam.” Steam so formed admits of
being heated by being subjected to the action
of heat of adequate temperature without the
presence of water to take up the heat. Steam
so heated issuperheated,and is called ¢ super-
heated steam.”

In all the processes for. pxoducmo‘ super-
heated steam heretofore made use of, so far as
known to me, natural steam is first made, and
then that steam is made superheated steam by
being subjected by itself to the action of heat,
as in the use of steam-chimneys and similar
combinations, whereby natural steam is sub-
jected to the action of heat after it has passed
from the chamber or coil in which it is gener-
ated, or after it has passed the point at which
the water was converted into steam.

There have been attempts made to produce
steam instantaneously by injecting water on
the inside surface of a “hbeated generator,” (so
called,) the object being the production of nat-
ural steam intermittently, as required by the
engine, all of which, as far as known to me,
have been failures. Another attempt to pro-
duce an economical effect in this direction, con-
gisted in the injectionof water into superheated

steam of such a volume that a saturated or
wet steam was the product, which was after-
ward conducted over a heated surface to pro-
duce superheated steam.

In my invention the relation between the
volume of superheated steam and the injected
water is such that the incoming water is.con-
verted into superheated steam. Thecombina-
tions which I have invented for this purpose
are represented in drawings hereto annexed,
and marked Figures 1,2, 3,4, 5,and 6, and con-
sist of, first, the vessel A, which I term ¢ gen-
erabor,” second the pipe or coil¢¢’ ¢//; third,
the injeetor or fo1ce -pump G ; fourth, the dls-
charge-pipe D ; fifth, the steam- -pipe S whose
character, opexatlons and purposes are fully
and correctly described as follows:

Pigure 11is a vertical central section on the
line # «, Fig. 2. Tig.2 is a horizontal central
section on theline x «, Tig. 1. TIig.3is aver-
tical central sectionon the linead, 1< ig. 4. Pig.
4 is a horizontal central seetion on the linezz,
Tig. 3. Tig. 5 is a vertical central section on
the line ¢ d, Fig. 6. Fig. 6 is-a horizontal sec-
tion on the hne ¥y, Fig. 5.

A is a spherical vessel, of such thickness of
sides as will furnish adequdte strength, and
such internal diameter as will furnish the vol-
ume of superheated steam required, as here-
inafter set forth. This vessel is placed in a
suitable faurnace, B, the fire and heat of which
act on the exterior surface of the vessel. A
small quantity of water, being placed in the
vessel A when it is under the action of heat,
will yield as much natural steam as the capac- -
ity of the vessel will permit at a determinate
temperature. The water not converted into
natural steam (because there is no room for
any more natural steam of that pressure) is to
be blown out of the vessel through the dis-
charge-pipe D by opening the cock H. The
continued application of heat to the natural
steam so made willconvert it into superheated
steaw, and the vessel will be full of superheat-
ed steam, and the volumeof superheated steam

will be the means of converting water into su-
pelheated steam, when water is forced into it
in the manner heIemafter described.

C, Figs. 1 and 2, is a pipe or pipes, or coil
ofplpes, which (in eombmatlon as represented
by Figs. 1 and 2) extend to dbout the central
part of the generator A, and having on it nu-
merous orifices, the greater number ] being near
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the end of the pipes or coil. Through this
pipe or coil, and out of these orifices m m m,
_ water is forced in jets into the superheated
steam. The pipe or coil G, being surrounded by
superheated steam, will partalke of its heat, and
the water in the pipe or coil will thereby be
heated, and the length of the pipe or coil Cis
such that by the time the water issues from the
pipe into the superheated steam it is of nearly
the same temperature as that of the super-
heated steamn. Under these circumstances the
entering water, regulated in quantity by the
engineer, is converted into superbeated steam
immediately.

¢’ O ¢/, Figs. 3 and 4, are pipes which (in
combination representedin Figs. 3 and 4 )enter
the vessel after passing through a part of the
furnace. Out of the ends of these pipes the
water is forced into the superheated steam in
the generator A. The length pppppp in the
farnace should be such as to afford time for
the heat passing over the pipe to raisethe tem-
perature of the water in it nearly to the tem-
perature of the superheated steam in the
vessel A. Under these circumstances the en-
tering water, regulated in quantity by the en-
gineer, is converted into superheated steam
immediately. .

¢ O ¢, Figs. 5 and 6, are pipes which (in
combination represented in Figs. 5 and 6)
enter the plate which closes the vessel A. They
are in number such that each stream-or jet is
small, or the waterissues from theends through
orifices that produce jets adequately small.
Water forced by the action of the injector
through these orifices will penetrate the super-
heated steam and, being regulated in quantity
by the engineer, will be converted into super-
heated steam.

G is a Giffard injector or some form of force-
pump by means of which water is forced
through the pipe or coil C. A branch, M, from
this pipe leads to the water-reservoir, and by
means of a cock, L, on it such part of the
water delivered by the injector or force-pump
is thrown back into the reservoir as may be
{found advisable. v

D is a discharge-pipe which extends to near
the bottom of the vessel A, by means of which
any accumulation of water is blown out when
desired.

S is a steam-pipe which conveys the super- 3

heated steam from the vessel A to the place
and parts where it is to be used.

In the use of these combinations their sat-
isfactory operation will depend on the proper
adjustment of the supply of water by pipes
O ' ¢, to the state of the fires, and the rate
at which. superheated steam is taken away by
pipes. It will be seen that in either case it is
not intended that water be injected onto the
surface of the vessel, but that the volume of
«superheated steam?” is the material (so to des-
ignate it) which receives the entering jets and
supplies, as far as any additional heat is nec-
essary, the heat which converts the entering
water into superheated steam. It is this part

of the combination and its operation which dis-
tinguishes it from attempts to make steam con-
tinuously and satisfactorily by injecting water
on the inner surfaces of heated vessels. The
hot surface of the vessel was the part provid-
ed to convert the water thrown upon it in spray
or jets into steam. Various as these attempts
have been, they have all had this common fea-
ture—viz., that the hot surface was to receive
the water, whereas in my combination I talke
special eare to provide such depth of volume
of superheated steam to receive the water as
will cause the water to pass into a state of
superheated steam before it reaches the sur-
face. And it is in this feature that we find
explanation of the fact that my invention, hav-
ing been thoroughly tried, is perfectly success-

ful, working with aregularity, steadiness, an

practical character which leaves nothing to be
desired, except a knowledge of the durability
of the vessel used under such circumstances.

Three elements enter into the production of
superheated steam by the use of these combi-
nations, viz: First, surface of generator ex-
posed to the action of fire and heat; second,
cubic contents of generator, which determines
the volume of superheated steam which pro-
vides the heat by which the entering water is
converted into superheated steam ; third, quan-
tity of water forced into the superheated steam
in a given time. »

Tt will beseen that with any vessel of known

cubic content and surface there is a certain -

quantity of water which, with that cubic con-
tent of superheated steam and surface, under
the action of a certain amount of heat, will be
continuously and satisfactorily converted into
superheated steam; and therefore it will be
seen that by regulating the quantity of water
entering, vessels of any relative surface and
content can be used, and as the quantity of
water is a matter of regulation it is only nec-
essary to provide ample means of supply and
regulation, leaving to the engineer the adapta-
tion of these means to the proportion of the
other elements. Continued use of these com-

‘binations will define, as cannot be done be-

forehand, the exact quantity of water which
should beinjected under known circumstances.

In practice it has been found that a spheri-
cal vessel (same as represented inthe drawings
annexed) of thirty inches internal diameter,
placed in a furnace having three square feet

| of grate-surface, into which vessel, when tilled

with superheated steam of one hundred to one
hundred and twenty pounds pressure, and
5000 to 600° temperature, there was supplied
twelve cubicinches of water per minute through
about forty orifices of aboutone-tenthof aninch
diameter, ran an engine having a eylinder five
inches diameter, eightinchesstroke,atapress-
ure of eighty pounds per square ineh, and two
hundred revolutions per minuate.

In determining the plan and proportions of
the elements of these combinations it is to be
remarked, for the guidance of those interested,
first, thata body of superheated steam of 500°
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to 600° temperature, and one hundred and
twenty to one hundred and fifty pounds press-
ure is a density, and heat not readily pene-
trated by jets of water without a communica-
tion of heat that will convert the water into
superheated steam, but that, second, it is
advisable to have a cous1derab1e depth of su-
perheated steam in advance of the entering
Jjets, and that it is not advisable to have less
than ten inches, though less depth would an-
swer with less efﬁmency third, that orifices
of one-sixteenth to one- elghth of an inch dia-
meter permit jets which operate well in prae-
tice.

The form of vessel or generator represented
in the drawings is spherical, selected as theone
of greatest strength and capacity witha given
amount of material ; but any form of vessel of
adequate thickness ot parts in relation to its
form and sustained pressure can be used.

To secure the most efficient generator with

L1

given weight of parts, regard must be had to
the practlcal suggestions helem contained.

‘What I ¢laim as my invention, and desire
to secure by Letters Patent, is—

The combination of the heated generator A,
filled with superheated steam, with water-i 111-
Jjecting pipe C or €/ or O/, and force-pump
G, when so adjusted that water injected into
the superheated steam in quantity regulated
to the action of the fire, and surface, and con-
tent of the generatoris immediately converted
into superheated steam, all substantially as
lerein described.

To theabove specification of my superheated-
steam generator I have signed my hand this
25th day of September, 1865.

EBENEZER DANFORD.

Witnesses: -
EpwARrD H. KNIGHT,
W. F. HALL.




