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1

~his invention relates to instant liquid heaters
for generating vapor, and more particularly to
water heaters of the quick response type for gen-
erating steam.

One object of my invention is to provide a
quick response steam generator provided with
heating elements having a high B. t. u. input per
unit of volume.

Anocther object of my
such a steam generator
amount of liquid per B. t. u. of input capacity.

Another object of my invention is to provide
such a2 steam generator in which the heating
elements are out of contact with the liquid and
vet one in which structural elements directly op-
posing and exposed to the heating elements can
be protected, by contact of a surface of the ele-
ment with a layer of the liguid, against heat-
induced fatigue of the material of which the ele-
ment is composed.

A further cbiect of my invention is to provide
sueh a steam renerator having easily removable
and replaceable liquid pans or trays for the re-
tention of the liquid during the heating thereof,
and having such relative placement of the heat-
ing elements and the pans that salts or other
deposits from the liquid do not retard the heat-
transier rate.

Still a further ohject of my invention is to
provide such a steam gsnerator in which the
steam may ke superheated.

These and other objects of my invention will
be more apparent from the following description
when taken with the accompanying drawings, in
which:

Tig, 1 shows g side elevation view of a steam
generator in acecordance with my invention;

Fig. 2 is a vertical cross section of the view
through the hody of the steam generator;

Fig. 3 is a cross-sectional view along plane
IIT—IIT of Fig. 2;

TFig. 4 is a partial vertical cross-sectional view
along plane IV—IV of Fig. 3;

Fig, b is a vertical cross-sectional view show-
ing the terminal censtruction for the electrical
connections;

Fig, 6 is a wiring diagram of the control cir-
cuit for the steam generator;

Fig. 7 is a partially cut-away plan view of an
alternative embodiment for developing super-
heated steam;

Fig. 8 iz g vertical cross-sectional view taken
along plane VIIT—VIII cof the alternative em-
bodiment of Fig. 7; and

Fig. 9 is g vertical cross-sectional view taken
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aiong plane IX—IX of the alternative embodi-
ment of Fig. 7.

Referring now to Figs. 1 and 2, the body of ‘the
steam generator comprises upper and lower
dished heads 10 and i1 securing a cylindrical
shell 12 therebetween as by means of bolts and
nut connections 3. Asshownin Fig. 2, metallic
ring gaskets 15 and 16 are provided bhetween
cylindrical shell 12 and heads 18 and f1, respec-
tively, to seal the unit thus formed against the
stearmn pressure which is developed therewithin,
Outlet pipes {8 and 19 are provided from the up=
per and lower heads respectively and valve 20 is
connected to control the discharge from outlet
pipe 18 and valve 21 is similarly connected to con-
irol the discharge from outlet pipe 19. Between
outlet pipe 19 and valve 21 are preferably con=
nected a steam gauge 22, a pressure-sensitive de-
vice or switch 23, hereinafter termed a pressure-
stat, and a safety valve 24. An inlet pipe 25 is
provided in upper head 10 and an electrically-
operated control valve 26 is connected in the inlet
pipe ‘or line 25 to control the flow of the liquid
into the steam generator in a manner described
hereinafter in detail in connection with its op=
eration.

The details of the internal construction ‘of the
steam generator are shown in Fig. 2, to which
reference is now made. Mounted within the
cylindrical shell 12 are a plurality of pans or
trays 30-—34 arranged vertically one above the
other, as shown, in a stack. Inlet pipe 25 ex-
tends down so as nearly to touch the bottom of
upper pan 38. At the periphery of each pan or
tray 30—34 are provided a number of spacer bars
35 (see also Fig. 3) to center the generally circi-
lar pans within the cylindrical shell 12. On the
bottom of each pan 30—34 are disposed four me-
tallic separator clips 31, as best seen in Fig. '3, and
mounted upon these clips 31 are two parallel
ceramic insulating heating -element holders 38
and 33 (see also Fig. 3). The lowermost or in-
ferior pan 34 rests upon -and is supported by the
responsive elements of three temperature-sensi-
tive devices 40-—82, hereinafter ealled thermo-
static switches or sthermostats. These three
thermostatic switches 40—42 are preferably ar-
ranged at the apices of a triangle and .indicated
in dotted outline in Fig. 3. ‘A plurality of hold-
down screws 44 are provided extending through
the upper head 10 and bearing against the ce-
ramic holders 38 and 39 of the uppermost or su-
perior pan 38 in order to hold the pans 30—34
firmly in the position shown. when these hold-
down ‘screws 44 are tightened. Two overflow
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pipes 45 are provided in the bottom of each pan
38—233, these preferably being placed diametrical-
ly opposite one another and adjacent opposite
edges of each pan. The upper edge or lip of each
overflow pipe 45 is preferably raised only slight-
ly above the bottom of its tray so that only a
thin layer or film of the liguid will cover the tray
or pan bottom.

Ag shown in Pigs. 3 and 4, each pan or tray
30—34 is not perfectly circular but has a por-
tion of its periphery provided with a chord-like
straight wall portion 56, and to provide clearance
for the electrical connections between the heat-
ing elements successive pans, from the top to the
bottom of the stack, are so positioned that the
straight wall portion 38 of one pair is disposed
180° from, or diagonally opposite tc, the straight
wall portion 89 of the next succeeding pair.

Referring again to Fig. 2, channels §{ and 52
are cut in the inner sides of each of insulating
holders 38 and 39, respectively, to receive elec-
tric heating elements 55—589, respectively, which
as shown are of the grid type (see plan view of
element 53 in Fig. 3). These heating elements
are all connected in series, in the manner illus-
trated in respect of some of the elements by Figs.
3 and 4. Thus, as shown in plan view in Fig. 3,
a U-shaped connection 68 is connected to one
end of a heating element and then passes above
wall 58 of pan 38, thereafter extends downwardly
and inwardly as shown in Fig. ¢ to connect with
the adjacent end of the next inferior grid heating
element. The other end of the latter grid heat-
ing element is then connected in a similar man-
ner by a connection 80 to the adjacent end of
the next inferior heating element. Suitable in-
sulators 8i and 82 are provided on these con-
nections §0 between adjacent heating elements,
as illustrated in Figs. 3 and 4, to prevent each
connection 68 from touching the adjacent pans.

The uppermost grid is provided at its other
or free end with a connection 63 which is in turn
connected to a terminal (not shown) extending
through the upper head I in a manner similar
to that in which the connection from the lower-
most grid 59 is brought out through bottom head
{1 and as shown in PFigs. 4 and 5. As there illus-
trated, the free end of lowermost heating ele-
ment §§ has electrical connection 65 attached
thereto and leading through insulators 61 and 68
for connection to terminal 78 of Fig. 5 as indi-
cated by the dotted lines. Terminal 70 extends
through lower head {f and includes a ceramic
insulator bushing 7{, a ceramic washer 72 and
metallic washers 78 and 74, preferably of cop-
per disposed on opposite sides of head {{ and
between bushing 71 and washers 73 and 74, re-
spectively. The central conductor of terminal 78
is threaded and provided with inner and outer
washers 75 and 78 respectively, washer 75 also
being preferably of copper. When the assem-
bly is tightened in place by means of nuts 77 and
18 the copper washers 73, 74 and 75 seal the as-
sembly to the lower head {{ to seal the steam
generator against the pressure therewithin,

Note that as shown best in Figs. 3 and 4 the
grid-type electric heating elements 5559 lie gen-
erally in a plane between and parallel to pans or
trays 30—3%4. While the heating elements may
be of the flat grid type, I prefer to form them of
a cross section as shown best in Fig. 4 by bend-
ing each transverse portion extending between
the insulating holders upward in & V-shape. This
results in additional clearance hetween adjacent
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heating elements at their portions where they are
unsupported, thus reducing the hazard of elec-
trical shorting between these adjacent portions.
Note that as indicated by the heavy arrows in
Pig. 2 adjacent heating element 56 the heat from
the element travels both upwardly and down-
wardly therefrom to heat the bottom of the pan
above and the water of the pan below. The shape
and configuration of the grid which I use thus
provides a maximum heating surface and its
placement in the manner described insures pro-
tection of the metal surfaces being heated be-
cause they are in contact with a layer of liquid.
The only exception to this is the top dished head
{0 which is directly exposed as shown in Fig. 2
to the upward radiation of heat from the upper-
most heating element 55. However, head {8 may
be somewhat cooled by being exposed to the sur-~
rounding air if enclosing insulation is not used,
and in addition is made of heavier gauge material
than the individual pans inasmuch as it must
withstand the pressure within the steam genera-
tor. Alternatively, if desired and its heating ef-
fect is not needed, uppermost heating element 55
may be omitted, thereby providing protection by
contact with a layer of liquid for all surfaces di-
rectly opposing and exposed to the heating ele-
ments.

It will be observed from Figs. 2 and 3 that the
overflow pipes 45 are disposed away from the
heating elements 55—88 and further in alternate
trays or pans the heating elements are protected
from possible splashing of the water dropping
from the end of the overfiow pipe 45 because of
the interposition of the insulating heating ele-
ment holders.

While not shown because not susceptible of il-
lustration, I preferably polish the inside surface
of upper and lower heads I8 and 1, respective-
ly, and cylindrical shell {2, as well as blackening
the top and bottom of each of pans or trays
30-—24. This increases the rate of heat transfer
to each pan (and thus to the water contained
therein) while reducing the heat losses through
the walls of the steam generator.

The operation of my steam generator is best
explained by reference to Fig. 6, which is a
circuit diagram of the electrical circuit con-
trolling its automatic operation. As there shown,
the circuit is supplied from a conventional three-
wire, 110-220 volt system with the heating ele-
ments 55—58 supplied from the 220-volt line
In—I3 and the control elements supplied from
line Is—1L2, Iu being the common or neutral
The application of power to heating ele-
ments 55—88 is controlled by means of contacts
89 under control of relay coil 81, relay contacts
88 being normally open, as indicated by the let-
ters “N. O.” Relay coil §{ is connected in series
with contacts 23z of pressure-stat 23 (Fig. 1)
and contacts 43a of high temperature thermostat
40 (Figs. 1 and 2). Contacts 23¢ and 46¢ are
normally closed, as indicated by the Iletters
“N. C.” A second series circuit between lines I

~and Lo is provided including the relay coil 28a

of water valve relay 26 (Fig. 1), contacts &1a of
low water thermostat 4{ (Figs. 1 and 2), and the
same contacts 23¢ of pressure-stat 23. Contacts
4la are normally open. It will be noted that

~only thermostats 40 and 4{ of Fig. 2 have been

referred to and shown as controlling contacts 49a
and 4la of Fig, 6, respectively. The third thermo-
stat 42, shown in Fig. 3, is preferably reserved as
a spare and its controlling function therefore

‘not utilized although, as pointed out above, it
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does serve 'as. & support for the lowermdst or

inferior pan 34.

In the normal operation of my steam gen-
erator, switches (not shown) are initially closed
to apply power to lines Li, Lo, and Is of Fig. 6.
Each of pans 39—34 are already filled with a
film of water from previous operation, and since
contacts 4la controlling water valve relay 26a
are normally open, no further water initially
flows into these pans. Contacts 2%z and 40g,
being normally closed, however, cause current
to fow through relay coil 8! and thus close con~
tacts 80, thereby applying power to heating ele-
ments 55—89. Contacts 88 will remain closed
until a too-high pressure is built up within the
steam generator, causing pressure-stat contacts
23¢ to open, or until the temperature of the
lowermost pan 34 becomes too high, resulting in
contacts 40¢ opening. Pressure-stat 23 is, of
course, adjusted to operate at & desired maxi-
mum pressure and high temperature thermostat
40 is similarly set at the desired maximum tem-
perature of the lowermost pan 24. Low water
thermostat 41 is set to operate at a predefer-
mined temperature of lowermost pan 34, this
temperature, of course, being lower than the
maximum temperature at which high tempera-
ture thermostat 40 is set to operate. When
lowermost pan 34 reaches this predetermined
temperature, contacts &ia close and, since con-
tacts 23a¢ are normally closed, water valve relay
26c is then energized, resulting in water being
supplied to the pans 33—34 through glectrically-
operated water control valve 25 (Fig. 1), As
shown best in Pig. 2, the water fiows from the
end of inlet pipe 25 into the uppermost pan 38,
forms a thin layer or film of water in this pan
as controlled by the height of the upper Lp of
overflow pipe 45, and then flows through over-
flow pipes 45 into the next lower pan 3§. Hach
of pans 30—33 feed the next inferior pan until
finally each of pans 30—33 is covered with a
thin layer or film of water of the desired depth.
Pan 33, due to being provided with overflow pipes
45, of course causes water to flow into lowermost
or inferior pan 24, resulting in a dropping of
the temperature of this pan. When the tem-
perature of pan 34 drops below that predeter-
mined value at which low water thermostat 41
is set to operate, contacts 4ia open and the flow
of water into the steam generator is shut oil.
Preferably, this predetermined temperature ab
which low water thermostat 41 is set to operate
ig fixed such that the level of watber required
to reduce the temperature of pan 33 to this
predetermined temperature during normal oper-
ation of the steam generator is slightly less than
the level of water maintained in each of pans
30—33 by the overflow pipes 45. The operation
of the steam generator then continues auto-
matically, additional water being supplied as
necessary when the water in the pans is boiled
away and the temperature of pan 24 therefore
increased. In normal operation, with steam
being withdrawn from my generator as it is pro-
duced, contacts 23z and 49a¢ remain closed with
contacts 41¢ opening and closing as necessary to

provide the required amount of water to generate -

the steam withdrawn.

Note that pressure-stat contacts 28z are com-
mon to both the heating element and water
supply control circuits and thus, in the event

that the pressure within the container or en--

closure reaches the desired maximum pressure,
both firther application of power to the heating’

10

15

20

30

55

60

65

70

78

_ 6
elements and farther admission of “water: to-the:
pans-is-prevented. Thus; when my-steam-gen=-
erator is turned on but.steam-is:not being-with--
drawn therefrom, these pressure-stat contacts

3¢ are-effectively the- controlling elements. of
the control circuit. This is-because-as rapidly
as the water in the pans is-converted fo-steam,
lowermost pan 34 heats up and causes additional
water-to be-admitted- to- the generator; and®in-
the absence of a pressure-controlling element
stich as I have provided, this-process would-con~--
tinue-if steam were: not being withdrawn until
such a pressure were-developed that the generator
would: explode: -

“The above description of the operation”of my-
steam - generator has- assumed that- the  pans:
20-—234 are initially filled with a film-of "water, as™
they usually -are: due-to-previous use of ‘the-gen-—
erator. The only differencein operation in-case -
that these pans are not so filled-is-that l1owetmost’
pan 34 will more quickly reach-the predetermined-
temperature at which' contacts 41a close, where=--
upon water valve relay 26a will be-energized to
supply water to the pans until each is filled- with
a film of water as described above, the -opera--
tion  otherwise being the same as just described:

‘An alternative: embodiment- of - a- steam gen-
erator in accordance with my invention-and pro=-
viding" a tortuous path for the-steam-over: the-
heating elements in order-to produce-superheat--
ing is shown in Figs: 7, 8"and 9.

‘g, 7 is a partially cut-away- plan viewwith
the detail of the pan-or tray and heating-element”
placement relative to one-another shown in-the-
first-and second quadrants; a view of the bottom
interior-from beneatli-the lowermost pan being”
shown in the third quadrant, and-a’ view from
above of the complete-assembly being shown in
the- fourth quadrant. Vertical cross-sectional
views taken along planes VIII—VIIT and IX—IX
are-illustrated in-Figs: 8-and' 9. The construction
of this alternative embodiment can best: be-un-
derstood by reference to all three figures.

As there shown, this alternative embodiment -
of ‘o steam generator in aceordance with my:in-
vention comprises upper:- and lower cup-shaped-
container members 85 and 8% held together by-
means of bolt and nut connections 8T at thefour
corners thereof and sealed at their-joint by means -
of a'metallicring gasket 88. Note that lower-con--
tainer nmiember 85 is- provided with an integral-
encireling ‘collar-at its end- abutting member 85
and surrounding- this-abutting end of the latter
to" strengthen the joint and-retain the metallie:
sealing ring 88 between members 85-and 86. An
outlet pipe 89 is threaded-in-the center of the
upper end-of top container member 85 and- has-
its lower end beveled to provide a downwardly-

wtending lip in order to insure that any con-
densate formed in outlet pipe 89 drips into the
uppermost pan or tray of the unit. Two diagonal-
1y-disposed tubes 90 each positioned adjacent the
inner wall surface of the generator, as best illus--
trated in Figs. 7 and 8, are reversely bent at their
upper ends and extend through apertures  pro--
vided in the lower end of container member 8§,
peihg threaded thereat and sealed to and posi=-
tioned in member 85 by means of the nut and
sealing washer arrangement 91 illustrated: Each
tube 80 is provided with a shoulder 82 adjacent
the bottom of member 85 and interiorly thereof.
Three ferrules 83 are stacked one atop another
on each tube 99 with the bottom of the lowermost
ferrule 93 abutting shoulder 92. Each ferrule:93
is also provided with an integral generally trie-
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angularly-shaped shelf-like planar portion 94
disposed at the upper end thereof upon which a
ceramic insulating heating element holder §5 is
supported, as illustrated in Figs. 7 and 8.

A pan or tray 96 is supported by and atop each
pair of holders 95 disposed in the same horizon-
tal plane. Each pan 96 is provided with arc-like
inclined ends and straight vertically-disposed
sides, the sides being positioned parallel to holders
85, as may be seen best in Pigs. 7 and 8. The
three pans 96 are staggered with alternate op-
posite ends touching the adjacent inner surface
of container member 85, as shown best in Fig. 9,
in order to provide a tortuous path from beneath
the lowermost pan 86 around the left end thereof
(Fig. 9), thence to the right between lowermost
and middle pans 86 and around the right end of
middle pan $6, thereafter to the left between up-
permost and middle pans 86, and finally around
the left end of uppermost pan 96 to the upper in~
terior portion of container member 85, from
whence the contained vapor is discharged
through outlet pipe 89.

An overflow pipe 87 is provided in the bottom
of each pan 96 with the pans preferably disposed
such that the overflow pipes 87 of adjacent pans
are positioned diagonally opposite one another
and at respective opposite ends of adjacent pans,
as shown in Fig. 9. Note that as was the case in
the embodiment of Figs. 1-5, the upper edge or
lip of each overflow pipe 97 is preferably raised
only slightly above the bottom of its pan so that
only a thin layer or film of the liquid being
evaporated will cover the pan bottom. The pan
assembly thus far described is firmly positioned
together and secured in place by means of respec-
tive hold-down clamps §8 encircling each tube 98
and secured adjacent the top of the straight por-
tion thereof by means of a nut 99. Each hold-
down clamp 98 abuts a second shoulder portion
100 of its tube 90 and overlies and is bent slightly
around the upper edge of the adjacent side of the
uppermost pan 96, as best illustrated in Figs. 8
and 9.

A fourth pan or tray 165 is positioned beneath
the lowermost pan 96 and atop the responsive
elements of two temperature-sensitive devices
06 and 107, hereinafter called thermostatic
switches or thermostats. Pan 105 is shaped simi-
larly to pans 96 except that it is longer between
its ends so that both its ends abut opposite sides
of the interior surface of container member 86,
as shown in Fig. 9, in order to define the lower
boundary of the tortuous path above described.
It is to be noted that, as best shown in Fig. 7,
each heating element holder 85 and each planar
portion 94 of ferrules 93 extend in a chord-like
fashion adjacent the sides of each pan 96 and
provide the sealing side boundaries for the torfu-
ous path above desecribed.

A channel 110 is cut in the inner side of each
insulating holder 8§ to receive an end of the
respective electric heating element {{{, which
is of the same grid type described above (sece
plan view of element Il in Fig. 7). Three of
these heating elements {fi are provided, one
between the uppermost and middle pans 98, one
between the lowermost and middle pans 86, and
one between the lowermost pan 96 and pan 185
immediately thereunder. Heating elements (i{
are all connected in series, U-shaped connection
112 being provided from one end of uppermost
heating element {11 to the adjacent end of the
middle heating element {1, as shown in Fig. 7,
and the diagonally~opposite end of middle heat-
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ing element {11 being connected to the sdjacetit
end of lower heating element {if by means of
U-shaped connector {3, which may be seen in
Figs. 8 and 9. Note that a tubular insulating
member (14 is provided around the central por-
tion of each electrical connector, although these
are visible only in Fig. 7.

Terminals {5 and {16 are provided sealed in
the bottom of container member 88, their con-
struction being similar to that of terminal 79
described above in connection with Fig. 5. U~
shaped connector {17 connects terminal 116 to
the free end of uppermost heating element 111
(see Figs. 7 and 8) and a shorter U-shaped con-
nector {8 connects terminal 115 to the free end
of lowermost heating element (It (see Fig. 9).

The operation of the steam generator of Figs.
7-9 is similar to that of the embodiment of
Figs. 1-5 described above in connection with
Fig. 6, and hence will not be repeated here in
detail except to point out that the water inlet
connections are made to the lower ends of each
of tubes 90 and the water flow is controlled by
a suitable electrically-operated water valve (not
shown) similar to water valve 26 of Fig. 1.
Also, a suitable pressure-stat (not shown) similar
to pressure-stat 23 of Fig. 1 is connected to out-~
let pipe 89. The control circuit is the same as
that shown in Fig. 6 with one of thermostats
186, 167 being adjusted to operate as the high
temperature thermostat and the other adjusted
so as to operate as the low water thermostat,
the respective switch contacts of each being
normally closed or normally open as required
and indicated in Fig. 6 for its particular func-
tion. Note that, as described above, the feed
water initially fiows into the uppermost pan 9§,
forming a film on the bottom thereof, and over-
flows from each superior pan into the next in-
ferior pan, the level of the water in the lower-
most pan 105 being controlled by the combined
action of the two thermostats (06, i187. Note
again that due to the ftortuous path provided, as
explained above, vapor or steam produced in
the lowermost pan 1858 is superheated as it sue-
cessively passes adjacent the two upper heating
elements IHl. Similarly, the steam produced in
lowermost pan 9§ is superheated as it passes
adjacent the uppermost heating element i{1i.

Thus I have provided in the embodiment
shown in Figs. 7-9 a steam generator which is
very easily and quickly assembled and disas-
sembled. In the initial assembly, thermostats
186 and 187 are first inserted in their respective
apertures provided in container member §6. Pan
i63 is then placed within container member 86
atop the responsive elements of thermostats 1885,
{187. Next the three ferrules 93 are slid over
each tube 93, and each tube assembly thus
formed then secured in the apertures provided
in the bottom of the container member $& by
means of its nut and sealing washer connection
9i. An insulating holder 95 is next positioned
atop each of opposed planar shelf portions 84
of ferrules 83, and a pan 98 placed atop each
pair of holders $5 disposed in the same hori-
zontal plane. Hold-down clamp 88 and nut 99
are then slipped in turn over the upper end of
each tube 90 and the assembly thus far described
secured in place by tightening each nut 99. The
three heating elements i1l are next inserted
in the opposed channels 1i{0 provided in each
pair of insulating holders 85 lying in the same
horizontal plane and the electrical series con-
nections thereafter made between the respective
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heating elements {11 and terminals 115 and 116,
Lastly, cup-shaped confainer member 88 is
placed over the assembly as shown with gasket
88. positicned between members 85 and 86 and
the- unit thus formed secured together by means
of bolt. and nut connections 87.

Note particularly that in the embodiment cf
Figs. 7-9, since no heating elements are posi-
tioned above uppermost pan 85 or below lower-
most pan 105, protection is provided by contact
with a layer of liquid for all surfaces directly
opposing and exposed to the heating elements
[RE

While T have described particular embediments
of my invention as required, the principles of
my invention are of broader application in ways
which will be apparent to those skilled in the
art. Numerous additional applicaticns of these
principles will occur to those skilled in the art
-and no attempt has here been made to exhaust
such possibilities. The scope of my invention
is defined in the following claims.

What I claim is:

1. A liquid heater including in combination:
a container; a plurality of pans disposed at dif-
ferent levels within said container; means for
maintaining o layer of liguid in said pans; and
a radiant heating element positioned within said
container at a level hetween the bottom of an
upper one of said pans and the exposed suriace
of the liquid in the next lower of said pans, sald
bottom and said surface being exposed o zald
element for radiation heating thereby.

2. A liquid heater including in combination: a
container; & plurality of pans disposed at dif-
ferent levels within said container; means for
supplying liquid to said pans; means for limit-
ing the depth of liquid accumulating in each
of said pans; and a radiant heating eiement
positioned within said container at a level he-
tween the bottom of an upper one of said pans
and the exposed surface of the lquid in the
next lower of said pans, said bottorn and said
surface being exposed to said element for radi-
ation heating thereby.

3. A liquid heater including in combinaticn: a
container: a plurality of pans disposed at dif-
ferent levels within said container; means for
supplying liquid to said pans; means for limit-
ing the depth of liquid accumulating in each of
said pans and including control means for sazid
first-mentioned means and responsive to the pres-
ence of liguid in. the lowermost of said pans for
maintaining a layer of licuid in each of said pans;
and a radiant heating element positioned within
said container at a level between the bottom
of an upper one of said pans and the exposed
surface of the liguid in the next lower of said
pans, said bottom and said surface being exposed
to said element for radiation heating thereby.

4. A liquid heater including in combination: a
container; a plurality of pans disposed at differ-
ent levels and parallel to one another within said
container; means for supplying liguid to said
pans; and a radiant heating element positioned
within said container at a level bketween the
bottom of an upper one of said pans and the
exposed surface of the liquid in the next lower
of said pans, said heating element lying gen-
erally in a plane parallel to said bottom of an
upper one of said pans and said exposed sur-
face of the lquid in the next lower of said pans
and having its opposed surfaces direetly exposed
thereto.

5. A steam generator comprising in combina-
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tion: a container having water inlet and steam
outlet openings; a plurality of pans disposed at
different levels within said container with the
uppermost of said pans being fed from said water
inlet; overflow means for each superior pan feed-
ing the next inferior pan; a radiant electric
heating element positioned between each pair of
adjacent pans to heat the bottom of the superior
pan and the water surface of the inferior pan;
o thermostatic switch including a responsive ele-
ment disposed within said container abutting the
lowermost pan and electric contacts confrolled
thereby; and an electric circuit including in series
said heating element and the electric contacts
of said thermostatic switch to control the appli-
cation of power to said heating element in.accord-
ance with the temperature of said lowermost pan.

6. A steam generstor comprising in combina-

ion: a container having water inlet and steam
outlet openings; a valve connecting said water
inlet to a water source, and including electrically-
operated actuating means therefor; a plurality
of pans disposed a} different levels within said
container with the uppermost of said pans being
fed from said water inlet; overflow means for
each superior pan feeding the next inferior pan;
a radiant electric heating element positioned be-
tween each pair of adjacent pans to heat the
bottom. of the superior pan and the water sur-
face of the inferior pan; a thermostatic switch
including a responsive element disposed within
said container abutting the lowermost pan and
electric contacts controlled thereby; and an elec-
tric circuit including in series said electrically-
operated actuating means of said valve and the
electric contacts of said thermostatic switch to
control the flow of water into the pans of said
container in accordance with the temperature of
said lowermost pan.

7. A liquid heater and vapor generator coms-
prising in combination: a container having liquid
inlet and vapor outlet openings; a plurality of
pans disposed at different levels within. said con-
tainer with the uppermost of said pans being
fed from said liquid inlet; overflow means for a
superior pan feeding the next inferior pan and
positioned to maintain a layer of liguid of limited
depth in the superior pan; and a radiant heat-
ing element positioned between said pair of pans
to heat the bottom of the superior pan and the
liquid. surface of the inferior pan, said bottom
and said surface being exposed to said element
for radiation heating thereby.

8. A steam generator comprising in combina~
tion: a.container having water inlet and steam
outlet openings; a valve connecting said water
inlet to a water source, and including electri-
cally-operated actuating means therefor; a plu-
rality of pans disposed at different levels within
said container with the uppermost pan fed from
said water inlet; overflow means for a superior
pan feeding the next inferior pan; a radiant
electric heating element positioned between said
pair of pans to heat the bottom of the superior
pan and the water surface of the inferior pan;
first and second thermostatic switches, each in-
cluding a responsive element disposed within said
container abutting said inferior pan and electric
contacts; and a first electric circuit including in
series said heating element and the electric con-
tacts of said first thermostatic switch and a sec-
ond electric eircuit including in series said elec-
trically-cperated actuating means of said valve
and the electric contacts of said second thermo-
static switch to control the application of power
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to said heating element and to control the flow
of water into the pans of said container, respec-
tively, in accordance with the temperature of
said inferior pan.

9. A steam generator comprising in combina-
tion: a container having water inlet and steam
outlet openings; a pressure-sensitive switch con-
nected to said outlet opening and including elec-
tric contacts; a valve connecting said water inlet
to a water source, and including electrically-
operated actuating means therefor; a plurality of
pans disposed at different levels within said con-
tainer with the uppermost pan fed from said wa~
ter inlet; overflow means for a superior pan
feeding the next inferior pan; a radiant electric
heating element positioned between said pair of
pans to heat the bottom of the superior pan and
the water surface of the inferior pan; first and
second thermostatic switches, each including a
responsive element disposed within said contain-
er abutting said inferior pan and electric con-
tacts controlled thereby; a first electric circuit
including in series said heating element, the elec-
tric contacts of said pressure-sensitive switeh,
" and the electric contacts of said first thermo-
static switch to control the application of power
to said heating element in accordance with the
temperature of said inferior pan and the pres-
sure developed within said container; and a sec-
ond electric circuit including in series said elec-
trically-operated actuating means of said valve
and the electric contacts of said second thermo-
static switch to control the flow of water into
the pans of said container solely in accordance
with the temperature of said inferior pan.

10. A liquid heater and vapor generator com-
prising in combination: a container having liquid
inlet and vapor outlet openings; a plurality of
pans disposed at different levels within said con-
tainer with the uppermost of said pans being fed
from said liquid inlet; overflow means for a su-
perior pan feeding the next inferior pan and
positioned to maintain a layer of liquid of limited
depth in the superior pan; and a radiant elec-
tric heating element for and positioned above
each pan to heat the liquid surface of the pan.

11. A liquid heater and superheated vapor
generator comprising in combination: a contain-
er having liguid inlet and vapor outlet openings;
a plurality of pans disposed at different levels
within said container with the uppermost of said
pans being fed from said liquid inlet, each su-
perior pan being of less width than said con-
tainer and said superior pans being staggered
vertically within said container with respective
opposite ends of adjacent superior pans abutting
opposite sides of said container to form a tortu-
ous path for the vapor from the bottom to the
top of the container; sealing means disposed be-
tween adjacent sides of adjacent pans to confine
the vapor to said tortuous path; overflow means
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for each superior pan feeding the next inferior
pan and positioned to maintain a layer of liguid
of limited depth in the superior pan; and a radi-~
ant electric heating element positioned between
each pair of adjacent pans to heat the bottom of
the superior pan and the water surface of the
inferior pan and the vapor therebetween.

12. A superheated steam generator comprising
in combination: a container having water inlet
and steam outlet openings; a pressure-sensitive
switch connected to said outlet opening and in-
cluding electric contacts; a valve connecting said
water inlet to a water source, and including elec-
trically-operated actuating means therefor; s
plurality of pans disposed at different levels with-
in said container with the uppermost pan fed
from said water inlet, each superior pan being of
less width than said container and said superior
pans being staggered vertically within said con-
tainer with respective opposite ends of adjacent
superior pans abutting opposite sides of said con-
tainer to form a tortuous path for the steam
from the bottom to the top of the container;
sealing means disposed between adjacent sides
of adjacent pans to confine the steam to said
tortuous path; overflow means for each superior
pan feeding the next inferior pan; a radiant elec-
tric heating element positioned between each
pair of adjacent pans to heat the bcttom of the
superior pan and the water surface of the inferior
pan and the steam therebetween; first and sec-
ond thermostatic switches, each including a re-
sponsive element disposed within said container
abutting the lowermost pan and electric contacts
controlled thereby; a first electric circuit includ-
ing in series said heating element, the electric
contacts of said pressure-sensitive switeh, and
the electric contacts of said first thermostatic
switeh to control the application of power to said
heating element in accordance with the tempera-
ture of said lowermost pan and the pressure de-
veloped within said container; and a second elec~
tric circuit including in series said electrically-
operated actuating means of said valve and the
electric contacts of said second thermostatic
switch to control the flow of water into the pans
of said container solely in accordance with the
temperature of said lowermost pan.

HENRY C. A. MEYER.
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