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Application filed January 30, 1899, Serial No. 703,814, (No model.)

1o all whom tt may concern:

be it known that I, GEORGE ScorT KNOX,
of the city and county of Philadelphia, State
of Pennsylvania, have invented an Improve-
ment in Klectric Heaters, of which the follow-
1ng 18 a specification. -

My invention has reference to electric heat-
ers; and 1t consists of certain improvements
which are fully set forthin the following speci-
fication and shown in the accompanying draw-
ings, which form a part thereof.

One object of my invention is to provide a
construction of electric heater which shall se-
cure the most rapid heating effect upon a fluid
caused to circulate in proximity to the elec-
tric-heater structure proper.

My object is, further, to so construct the
apparatus that the least possible expense will
be necessary to secure the greatest efficiency
and also to insure provision for easy repair of
the heater-circuits whenever the same shall
be necessary. |

Another portion of my improvement relates
tothe controlling-circuits, wherein I may vary
the temperature as desired; but such varia-
tion of temperature cannot be changed except
when the main switeh has interrupted the cir-
cult leading to the source of electric energy
to avoid the possibility of sparking or burn-
ing out the apparatus.

In carrying out my irvention I provide a
series of flat parallel tubesarranged compara-
tively close together and connected in multi-

‘ple or series and through which any fluid,
35

such as water or air, is permitted to pass. In-
terposed between these flat tubes I arrange
heating-coils formed in a flat shape, whereby
the heating-wire on opposite sides of the form
upon which 1t is wound shall come into close
proximity or juxtaposition with the said walls
of two adjacent flues, but formed electrically
independent thereof, preferably by a suitable
packing of fire-clay in the dry condition.

In the preferred form of my heater the sev-
eral tubes are arranged in series by connect-
ing top and bottom flue-heads orreturn-bends,
and one end of said series of flues is adapted
for connection with the city water-main or a

source of water-supply under pressure and

5o the other end is connected with a suitable

| spigot or valve.

The main switeh for con-
trolling the current supplied to the resistance
18 preferably operated by the said valve or
spigot, so that when it is desired to turn on
the water the main switch is closed. I fur-
ther provide a second switch which controls
thenumberof heating-resistances maintained
in electric cireuit, the said second switch be-
ing so arranged that it may cut all of the re-
sistances out of circuit or throw more or less
of the resistances into circuit. This switch
will therefore control the temperature to be
given to the fluid. It is preferable, however,
that this switch shall be locked against move-
ment by the main switch whenever said main
switch is closed, so that the regulating-switch
must be adjusted before the current is circu-
lating through the heater. '
Myimprovementsfurthermore comprehend
detailed constructions, all of which will be
better understood by reference to the accom-
panying drawings, in which— |
Kigure 1 is a plan view of my improved wa-
ter-heater with the top of the casing removed.
Fig. 2 is a vertical sectional view through
IFig.1on line 2 2. Fig. 3 is a transverse sec-
tional elevation of same on line 3 3 of Fig. 2.
Fig. 4 is an end elevation of my improved

heater. Fig.5isasectional plan view of same

onlines 5of Fig.2. Fig. 6isa diagram illus-
trating the electric circuits; and Fig. 7 is a
sectional elevation of a modification of my
improved heater,such as would be employed
when the water was to be boiled without run-
ning it off.

A 1s the electric heater proper, and com-
prises a series of flat tubes B, arranged par-
allel to each other and of exceedingly-great
width as compared to their thickness, so that
the water which passes through said tubes is
in the form of a thin sheet, thereby reducing
to a minimum the depth of water through
which the heat is required to penetrate.
These tubes are connected by suitable slitted

~or perforated top and bottom plates into a

rigid grid-like structure, and may be con-
nected on the principle of return tubes or
series by head or return bends b, as shown in
Fig. 2, or they may be connected in parallel,
asshown in Fig. 7. When connected in series,
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one e¢nd of the seriesof tubesterminates in a |

supplyv-pipe C, which in use 1s connected to
the source of water-supply, and the other end
of the series of tubes is connected by a pipe
D with aspigot or valve I, having a movable
handle e. |

Interposed between the adjacent tubes 15
and filling the space between them are a series
of flat resistances K, which consists, essen-
tially, of a plate I, of glass or other refractory
material, around which is wound suitable
colls of German silver or other poorconductor
of electricity, so as toform a long continuous
path, as is well known 1in electric heaters.
Three edges of such prepared plate and re-
sistances have asbestos strips / bent over
them, and they are then pushed into the flat
spaces between the tubes B, as clearly shown
i Figs. 2and 5. "Thespace between the wire
coils I™* and the sides of the water-tubes is
then packed with powdered {ire-clayin a dry
condition. When thig is done, asbestos may
be wrapped over the remaining edge or said
edge may be left exposed, as desired. When
the heater has been thus prepared, it is
wrapped around with asbestos sheets ¢, and
this i1s held in position by an outer casing G,
as clearly shown in Figs. 2 and 3. It will
thus be seen that the building up of this con-
crete structure is exceedingly simple and in-
expensive, and at the same time secures the
most desirable proximity of the heating-wires
with the entire body of water or other media
to be heated, and at the same time enables
the repairing of any of the resistances to be
readily accomplished by simply pushing said
resistances bodily out of their pockets, and
after the repairs being made again inserting

them. In making such repairs it is evident
that there is no dismantling or injury done

to the circulation pipes or tubes, which is a
feature of the greatest importance in electric
heaters for fluids. The terminals from these
heating-resistances If are properly insulated,
as 1ndicated in Fig. 6. It will be observed
that the current enters by a terminal N, and
thence passes to a main switeh I K by a cir-
cuit 2. The currentis then divided over ¢ir-
culis 3 3, each meluding a portion of the re-
sistance I, the said resistances being prop-
erly wound to consume a certain amount of
energy on a main circuit of a given voltage.
The other terminals of the said resistances
connect by conductors 5 and 4 with contacts
m m’, respectively. Asecond switeh-contact
M by being shifted in the three positions in-
dicated will either put both sets of resistances
into cirenit or only one of said sets of resist-
ances in cirenit, or will cut both of the sets
of resistances out of circuit, as desired. This
contact M connects by a circuit 6 with the
negative terminal N'. I will now describe
the structure of these switches, the contact
portions of which I have just referred to.
T'he main switeh is best shown in Kigs. 1,
2,and 6. It consists of twocontacts K K, be-

ing knife-switeh I passes with more or less
frictional contact., The knife-switeh is piv-
oted at the opposite end. I'is a lower piv-
oted lever having its {ree end directed toward
the pivot of the knife-switeh I, and the two
levers are connected by a coil-spring 2. The
operating-lever I' is connected to an eccen-
tric-rod J, which 1s reciprocated by an eccen-
iric E’, connected with the valve-handle e of
the spigot. When the spigol is turned into
the position shown in Iig. 1, the waterisshut
off and the knife-switeh I held away {rom the
contacts I£. When, however, the valve of
the spigot is turned, the eccentric moves the
bar J forward, so as to bring the free end of
the lever I’ beyond a line through the pivots
of the knife-switch I and lever I', in which
case the spring ¢ canses the knife-switeh to
snap upon the contacts IS to close the circuit.
In closing the spigot the reverse of this ac-
tion takes place and the knife-switeh 1 is
caused to qunickly snap open by the time the
water is completely shuat off. It will thus be
seen that the main switch is operated by the
water-controlling valve and obviates the ne-
cessity of the manipulation of an additional
handpiece. It furthermore preventstihe cur-
rent being aceidentally left on when no water
is being drawn off. T'hig is important, be-
cause if the pressure from the city main is
excessive the ceneration of steam within the
heater would either burst the heater or would
drive the water back into the main and pos-
sibly loosen the soldered joints, so asto male
the heater leak. Droadly considered, 1t 1s
immaterial what form of switeh or valve or
connection between the two be employed, s0
long as the operation of the valve regulates
the movement of the main switeh.
Referring now to the switeh for regulating
the temperature, this consists ol a pivoted
arm L, of insulating material, having upon
it a contact M. 'This contact is sufficiently
wide to form electrical connection with both
of the terminals m m’ of the resistance-coils
¥. When in the positions shown in Ifigs. 5
and 6 the current is flowing threough both
heating-coils, but upon moving the switeh
slightly to the right one hall of said heating-
coils is cut out of cireuit, and by moving it
still farther to the right all of said heating-
coils are cut out of circuit. The switeh I is
moved by a handle 1. and is furnished with
a pointer 7, which points to the words *“ Cold,”
“Warm,” and ““IIot” on the case, as shown in
Ifig. 4, to indicate what the result of the ad-
justment of the switeh shall be. The upper
or free end of the switeh 1. 1s provided with
a locking-bar L”, having three holes 17 and
three notches L* at thetop. A sliding bar P2,
connected at one end of the eccentric-rod J
and moved thereby, 18 employed to lock the
switech L in the position assumed, so that it
cannot be moved when the main current is
turned on. This rod P is guided in a sult-
able guide P, and its freo end presses over

fore referred to, between which a eireuit-elos- £ the upper edge and into the notehes I under
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its elasticity, so that when the switeh 1. is
moved to either of its three positions the op-
erator knows when such positionsarerecached.
The extreme free end of the bar P is turned
over and under, as at p, so that it shall enter

- the holes L3, and thus lock the lever I. when-
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ever the main switeh is thrown on. I do not
limit myself to the specific construction of
this regulating-switch L, nor to the means
connecting the spigot and said switch for lock-
ing the latter when turning on the water, as
this may be greatly varied without departing
from the essence of this invention.

The various parts making up the heater
may be inclosed in a suitable case, in which
IT represents the lower part, and H' the upper
removable cap or cover. This case may be
made 1n any other way desired or of any de-
sign.

Tn place of making the water circulate by
means ot eonneetmn the tubes B in series

sald tubes may be coupled In multiple, as
shown at A’ in Fig. 7, in which B’ are the
tubes, and 0’ the conneeting-chamber at the
bottom. A? represents the interior of the
vessel adapted to contain the water or fiuid
to be heated and which has free access to the
tubes B3’ in the bottom. Broadly considered,
16 is immaterial to my invention what the re-
lation of the various tubes B may be with re-
gard to being arranged in series, multiple,
or series multlple, as these modifications
would be employed according as to the tem-
perature or volume of water 1equ1red In ail
cases the tubes would be flat and the heating-
coils also be made flat and placed between
adjacent tubes in the manner herein shown.

W hile I prefer the construction shown, it is
to be understood that I do not limit myself
to the minor details, as they may be modified

~1n various ways without departing from the

§0
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spirit of my invention.
What [ claim as new, and desire to secure

Dby Letters Patent, is—

1. In an electric heater, the combination of
heating-tubesthrough which w aterisrequired
to ﬂow heating eoﬂs or devices arranged ad-
jacent to that on the outside of said tubes,

valve to control the flow of water through the
tubes, a switch to control the current passing
thwuﬂh the heating-coils, and connecting
means between the valve and the swnch

whereby the latter is automatically closed or

opened when turning on or off the valve, said
connecting means comprising spring - actu-
ated devices directly moved by the valve for
causing the saild ecirecuit-closing switeh to
snap open with a quick movement when the
valve has been partly moved in closing off the

water, whereby the switch operates quwkly
at time of action and the valve may be oper-
ated to vary the flow of water while the switeh
15 closed.

2. Inan electric heater, the combination of

| heatin g-tubesthrough WhICh waterisrequired

to ﬁow heatmo* 00115 or devices arranged ad-

]

—

jacent to said tubes, a valve to control the
flow of water through the tubes, a switch to
control the currentpassing throughthe heater-
colls, connecting means between the valve
and the switeh whereby the latter is auto-
matically closed o1 opened when turning on
OT O:
to control the amount of the 11ea,t1nn' “coils or
devices in electric circuif, and a locking de-
vice for locking said regulating-switch in its
adjusted positions operated by the valve so
as to lock said switch against movement when
the water 1s turned on and the main switch
closed.

8. In anelectric heater, the combination of
heating-tubes through which wateris required
to flow, heating coils or devices arranged ad-
jacent to said tubes, a valve to control the flow
of water through the tubes, a switech to con-
trol the current passing through the heating-

colls, connecting means between the valve -

andtheswitch whereby the latterisautomatic-
ally closed or opened when turning on or off
the valve, said connecting means comprising
spring-actuated devices for causing the said
circuit-closing switeh to snap open with a
quick movement after the valve has been
partly moved in closing off the water, whereby
the switch operates quickly at the time of ac-
tion and the valve may be operated to vary
the flow of water before opening the switch,
a controlling-switeh for regulating the tem-
perature by varying the amount of the heat-
1ing-colls in circuit, and a locking device op-
erated by the connecting mechanism where-
by the said regulating-switch is locked in its
adjusted position before the spring-actuated
main switch 1s c¢losed.

4. In an electric heater, the combination of
tubes through which a fluid is adapted to eir-
culate, heating-coils adjacent to said tubes, a
controlling-switch for varying the amount of
the heating-colls in electric circuit to control
the temperature, a spring-actuated main cir-
cuit-closing switch, and hand-controlled de-
vices for locking the regulating-switch and
closing the main or circuit-closing switch

‘whereby the regulating-switch cannot be ad-

justed when the current i1s flowing throngh
the heating-coils.

5. In an electric heater, two parallel end
plates, having aseries of parallel slits or open-
ings therein, a series of connecting flat tubes
of great width relatively to their thickness
connecting the said end plates and communi-
cating with the slits therein and forming a
grid-like structure containing a series of thin
parallel flat spacesinterposed between the ad-
jacent tubes, in combination with a series of
heating-coils each formed of a thin flat strue-
ture interposed between the tubes and occu-
pying the spaces of the grid-like structure.

6. In an electric heater the combination of
two parallel plates each provided with a se-

ries of parallelslits of great length compared

‘the valve, a second or regulating SWltCh -

75

30

Q0O

95

100

105

110

115

120

125

130

to their width, a series of thin flat tubes con-



& 546,911

necting said plates and forming vertical pas-
sage-ways or flues through which water may
circulate, compartments inclosing the tubes
at top and bottom, a series of upright remov-
able {iat resistance-coils interposed between
the upright {lat tubes and insulated there-
from by a refractory material, and an inclos-
ing packing of non-conducting material on
cach side of the spaces between the vertical

1

flat tubes for covering the ends of the resist-
ance-coils and bolding them in place.

In testimony of which invention I havo
hereunto set my hand.

HORGHE S KNOX.
W itu__esses .
2. 1. I-IUNTEH,
CIHARLES T, WnrsT,

LO
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