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This invention relates to a novel steam gen-
erator of the water tube type and constitutes a
continuation in part of my prior pending applica-
tion for steam generator, filed May 13, 1953, Serial
No. 354,792.

The present invention like the invention of
my aforementioned prior application is capable
of operating rapidly and efficiently on the prin-
ciple of a flash type steam generator and has
a high degree of thermal efficiency stemming
from the fact that none of the generated heat
can escape to the atmosphere.

A primary object of the present invention is
to provide a steam generator employing a ma-~
terial as a heating element which will substan-
tially eliminate internal pressure within a shell
of the generator except for thermal expansion,
thus enabling steam of a very high temperature
to be produced with safety.

A further object of the invention is to provide
a steam generator employing a material as a
heating element which is light in weight, inex-
pensive, which is a good conductor of electricity
and possesses good thermal conductive character-
isties.

A further object of the invention is to provide
a generator which due to the unique heating
element utilized and which substantially elimi-
nates the problem of internal pressure in the
generator shell for producing high temperature
steam, will enable the shell to be produced in
humerous ways and which will eliminate the
need for carefully sealing the shell to withstand
high pressure.

A further object of the invention is to provide

a steam generator using a heating element which:
is substantially noncombustible, which cannot be
melted and which will not rust.

Various other objects and advantages of the
invention will hereinafter become more fully ap-
parent from the following description of the
drawings, illustrating a presently preferred em-
bodiment thereof, and wherein: \

Figure 1 is an end elevational view of the steam
generator with certain of the parts shown in
cross section, taken substantially along a plane
as indicated by the line i—{ of Figure 2;

Figure 2 is a longitudinal sectional view, partly
in side elevation, taken substantially along a
plane as indicated by the line 2—2 of Figure 1;

Figure 3 is an enlarged cross sectional view,
partly in end elevation, taken substantially along
a plane as indicated by the line 3—3 of Figure 2;

Figure 4 is an enlarged fragmentary longi-
tudinal sectional view, taken substantially along
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a plane as indicated by the line 4—4 of Pig-
ure 3, }

Figure 5 is a fragmentary end _elevational
view looking from right to left of Figure 2, and

Figure 6 is an enlarged fragmentary sectional
view taken substantially along a plane as in-
dicated by the line 6—6 of Figure 5.

Referring more specifically to the drawings, the
steam generator in its entirety comprising the
invention is designated generally 7 and includes
a shell or tank, designated generally 8. The shell
or tank 8 includes a side wall § which may be
cylindrical, as illustrated, or of any other cross
sectional shape. The shell of tank 8 also includes
end walls 10 and {{ which are secured by fasten-
ings 12 to cutturned end flanges or lugs 13 of
the side wall 9.

An elongated steam chamber 14 extends longi-
tudinally through the shell 8 and is preferably
disposed axially thereof. The inner side of the
end wall {1 is provided with a socket {5 for re-
ceiving and supporting a closed end of the steam,
chamber (4. The other end of said chamber
extends outwardly through an internally flanged
opening {6 of the end wall 10 and is supported
thereby. A restricted steam conduit 171 communi-~
cates with and extends from said last mentioned,
exposed end of the steam chamber (4.

A header (8 is mounted in and extends
through the end wall 19 in radially spaced rela~
tionship to the steam chamber {4 ; however, said
header or its equivalent could be mounted else-
where in the shell 8, as for example in the side
wall 9. The discharge end of a water supply
conduit 19 is connected to and opens into the
interior of the outer end of the header 18. Com-

. blementary ends of two tubes 20 and 21 are con-
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nected to the portion of the header I8 disposed
within the shell 8. Said tubes 20 and 21 are
coiled around the chamber i4 lengthwise there-
of and within the shell 8, back and forth any
desired number of times to provide two or more
radially spaced laps. 'The opposite discharge
ends of the tubes 20 and 21, which preferably
extend inwardly from an outer lap of the coiled
tubes, are connected to and discharge into the
chamber 14 adjacent the end wall 1. The tubes
20 and 21 may be of any desired internal and ex-
ternal diameter but of sufficient strength to con-
tain high temperature steam. Said tubas may
be of a very small diameter for more quickly and,
efficiently heating liquid contained therein.

As best illustrated in Figures 5 and 6, the end
wall 1 is provided with spaced openings 22 which
are preferably radially spaced from and disposed
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on opposite sides of the socket 15. A seal 23 of
electrical insulating material, preferably porce-
lain or pyrex, is mounted in each of the openings
22. Two electrodes 24 and 25 are mounted in and
extend longitudinally of the shell 8 in laterally
spaced relationship to one another and have re-
stricted outer end portions 24a and 25, respec-
tively, which extend outwardly through and are
supported in the insulators 23. Arms 26 may
be provided for offsetting theé electrodes 24 and
25 laterally with respect to their restricted outer
end portions 24a and 25q, respectively and which
combine with said portions or arms 25 to sup-
port the electrodes 24 and 25 in the shell 8. As
clearly illustrated in Figure 6, the electrodes 24
and 25, including their portions 24¢ and 25, re-
spectively, are thus supported in electrical in-

sulated relationship to the shell 8 by the insu--

lators 23. Said insulators in addition seal the
openings 22. The electrodes 24 and 25 may ex-
tend to adjacent the end walls 1§ and {{. It will
also be readily apparent that the insulators 23
could be mounted in the other end wall 18 for
supporting the electrodes on said last mentioned
end wall, or one of the insulators 23 could be
mounted in each end wall.. The shell § may be
formed of a material which is a non-conductor
of electricity.

The shell 8§ is filled with graphite, as indicated
at 27 in Figures 3 and 6, approximately to a level
so that the tubes 20 and 21 will be completely
submerged therein but so as to leave a limited
space 28 above the level of the graphite 27 within
the shell 8, to allow for expansion of the graphite
and the tubes 20 and 2i. The graphite may be in
any form.

From the foregoing it will be readily apparent
that water under pressure may be supplied to
the header {8 through the water supply conduit
19 from which the water is in turn supplied to
the tubes 28 and 21 for substantially filling said
tubes. The electrodes 24 and 25 are interposed in
an electric circuit, not shown, including conduc-
tor wires 26b and 25b which are connected to
the outer ends of the electrode portions 24a and
25a, respectively. When the cireuit of which the
electrodes form a part is energized, the graphite
will provide an electrical conductor for bridging
the gap hetween the electrodes 24 and 25 and will
also function as a resistance healing element.
The graphite is capable of being heated to a very
high temperature by the current passing there-
through, since the graphite will not melt. Ac-
cordingly, the water contained in the tubes 20
and 24 and in the chamber (& can be rapidly
heated to produce steam of a very high temper-
ature. The space 28 will afford adequate space
for the limited expansion of the graphite 27 and of
the tubes 20 and 21 and chamber i4. Thus, the
chell & will be required to withstand only very
slight internal pressure thus allowing great lati-
tude in the construction of the shell 8, both in
material and design. . Due to the fact that graph-
ite is an excellent conductor of heat, the amount
of current required to produce steam of a very
high temperature is reduced to a minimum. This
feature in conjunction with the fact that there is
o minimum of heat loss, will enable the generator
7 to be operated very economically.

The high temperature at which the graphite
can be maintained will make it possible for the
water entering the tubes 28 and 21 to be quickly
converted into steam and heated to a high tem-
perature and pressure within the tubes and steam
chamber {4, from which chamber the high pres-
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sure steam may be supplied through the conduit
17 to any source or unit where the steam is to
be utilized, under suitable regulation. Obviously,
a suitable thermostat, not shown, may be provided
for controlling the electric circuit of the elec-
trodes 24 and 25 for maintaining the graphite at
9, desired temperature.

It will also be readily apparent that the unit T
may be utilized as a hot water heater by main-
taining the graphite 21 at a temperature suffi-
ciently low so that the water in the tubes 20 and
21 and in the steam chamber (4 will not be con-
verted to steam.

The shell 8 is preferably covered with a heat in-
sulating material 29 to prevent loss of heat there~

-~ from by radiation to obtain maximum thermal

20

25

30

35

40

50

60

70

75

efficiency. Due to the small amount of material
which would be released should the shell rupture
and since this material 27 is noncombustible and
will not expand sufficiently to produce any ap-
preciable internal pressure within the shell 8, it
will be readily obvious that the generator T will
be extremely safe in use.

As an additional safety feature but primarily
to conform with safety regulations, the upper
part of the shell is provided with a conventional
blow off or safety valve 38 and a similar blow off
or safety valve 31 is provided in the exposed end
of the steam chamber 14, Additionally, a drain-
age or flush valve 32, as seen in Figure 1, is pref-
erakly provided in the exposed end of the steam
chamber 14 to facilitate the draining and flushing
of the system to maintain the steam chamber and
tubes 28 and 21 in a clean condition. Various
other forms of regulating and control valves may
also Be provided if deemed desirable or necessary.

Various modifications and changes are con-
templated and may obviously be resorted to, with-
out departing from the spirit or scope of the in-
venticin as hereinafter defined by the appended
claims.

I claim as my invention:

1. A steam generator of the character described
comyprising -a shell, & pair of spaced electrodes
disposed within said shell, a material partially
filling said shell and constituting a heating and
clectrical resistance element and in which said
clecirodes are submerged and whereby said ma-
terial is heated to 2 high temperature by a cur-
rent fiowing therethrough between the electrodes,
and a liguid conduit having a portion disposed
within said shell and at least partially submerged
in said material whereby a liquid passing through
said conduit portion will be heated by said ma-
terial when an-electrie current is passed there-
through, said heating and electrical resistance

. material being in a- dry loose state and constitut-

ing a good conducter of electricity and heat and
being noncowbustible and capable of being heated
to extreniely high temperatures without expand-
ing appreciably and without melting.

2. A steam generator of the character described
comprising a shell, 3 pair of spaced electrodes dis-
posed within said shell, a material partially fill-

5 ing said shell and constituting a heating and

electrieal resistance element and in which said
electrodes are submerged and whereby said ma-
terial is heated to 2 high temperature by a cur-
rent fowing thersthrough between the electrodes,
and s liquid conduit having a portion disposed
within said shell and at least partially submerged
in said material whereby a.liquid passing through.
said conduit portion will be heated by said ma-
terial when an electric current is passed there-
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through, said heating and electrical resistance
material comprising graphite.

3. A generator of the character described com-
brising a sealed shell, spaced electrodes disposed
within said shell, graphite partially filling said
shell in which the electrodes are submerged, and
means contained within said shell and at least
partially submerged in the graphite containing
a liquid to be heated by the graphite when an
electric current is passed through the graphite
between said electrodes, said means having an in-
let end connected to a source of water supply ex-
tending into said shell and an outlet conduit for
the heated liquid leading from said shell and
forming an extension of an outlet end of said
means,

4. A generator as in claim 3, said graphite sub-
stantially filling the shell.

5. A generator of the character described com-
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prising a casing, a pair of electrodes disposed in
said casing, graphite partially filling said casing
and in which said electrodes are submerged, a
liquid conduit having a portion disposed within
said shell and at least partially submerged in the
graphite whereby a liquid passing through said
conduit portion will be heated by the graphite
when an electric current is passed through the
graphite between said electrodes.
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