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(57) ABSTRACT 
Electric heating apparatus for electrically conductive 
fluids, particularly mineralized tap water, includes 
inner and outer electrodes spaced apart and concen 
tric with one another and shaped to define an annular 
flow passage which converges progressively to de 
crease in fluid-carrying volume toward the outlet end. 
A separate voltage is applied to one or both of the 
electrodes and the casing surrounding and supporting 
the electrodes is of an electrically non-conductive ma 
terial with a metal pipe coupled thereto at ground po 
tential so that a separate current flow path may be es 
tablished from each electrode to ground via the fluid. 
The inner electrode is axially adjustable to vary the 
size of the passage to change the heating effect. A bias 
member urges the inner electrode to a position of min 
imum spacing between electrodes and a temperature 
responsive device downstream of the electrodes moves 
the inner electrode against the bias member to auto 
matically adjust the spacing between the electrodes in 
accordance with fluid temperatures to maintain a uni 
form heating effect. A flow responsive member auto 
matically opens and closes the circuit to the electrodes 
in response to fluid flow through the flow passage and 
a thermal switch in power line prevents excessive 
heating. 

3 Claims, 5 Drawing Figures 
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ELECTRIC HEATING APPARATUS FOR HEATING 
A LIQUID BY ELECTRICAL CONDUCTION 

This invention relates to electric heaters for heating 
electrically conductive fluids and more particularly to 
a novel and improved electric heating apparatus partic 
ularly suitable for heating electrically conductive fluids 
such as tap water. 
A variety of electric heaters utilizing the ohmic dissi 

pation within a fluid, and particularly water, have here 
tofore been provided. These heaters rely on the fact 
that ordinary tap water is heavily mineralized and the 
fact that a voltage applied to the water will cause cur 
rent flow therethrough. One problem with heating ap 
paratus of this type resides in electroplating of the elec 
trodes and further there is difficulty in providing a uni 
form heating with a minimum of adjustments and con 
trol. There is also a tendency for the fluid to rapidly 
boil away from the electrodes. 
Accordingly, it is an object of this invention to pro 

vide improved electric heating apparatus for electri 
cally conductive fluids which is simple in construction, 
durable and will rapidly raise the temperature of the 
fluids passing therethrough in a safe and efficient man 
ner. 

Another object of this invention is to provide novel 
electric heating apparatus for electrically conductive 
fluids which always returns to a position of minimum 
passage width or gap and adjusts automatically to main 
tain uniform heating temperatures. 
Yet a further object of this invention is to provide 

novel electric heating apparatus particularly suitable 
for heating tap water and the like that will operate on 
110 volt or 220 volt electric systems and will prevent 
plating or mineralization build-up on the current 
carrying electrodes. 

Still a further object of this invention is to provide 
novel and improved electric heating apparatus with 
control means for automatically turning off the electric 
power from a source when the fluid fluid stops and con 
necting power to the electrodes when fluid flow begins 
as well as removing the electric power when the tem 
perature of the fluid is excessive. 

Still a further object of the invention is to provide a 
novel and improved electric heating apparatus for flu 
ids characterized by inner and outer electrodes which 
define a converging passage that progressively de 
creases in fluid-carrying volume toward the outlet end 
to prevent the water from boiling away between the 
electrodes and further may utilize a temperature 
responsive device downstream of the electrodes to au 
tomatically adjust the spacing between the electrodes 
to regulate the heating. 

In accordance with the present invention in a pre 
ferred embodiment shown there is provided an outer 
electrically non-conductive casing, a hollow, truncated 
cone-shaped outer electrode mounted in the casing and 
a truncated cone-shaped inner male electrode spaced 
from and concentric with the outer electrode providing 
an annular flow passage therebetween with the flow 
passage converging toward the outlet end to progres 
sively decrease in fluid-carrying volume. A separate 
AV voltage is applied to at least one or both of the 
inner and outer electrodes, preferably about 110 volts 
AC on each electrode, so that with a grounded metal 
fluid conductive pipe being connected to the casing 
and at ground potential the fluid in the passage con 
ducts the current flow from each electrode to ground 
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2 
thereby preventing plating or mineralization of the 
electrodes. The inner electrode is axially movable rela 
tive to the outer electrode and is automatically moved 
by a bimetallic member to adjust the spacing between 
the electrodes to maintain the fluid at a desired uniform 
temperature and a bias member automatically returns 
the inner electrode to a position of minimum spacing 
between electrodes. A flow-actuated member down 
stream of the electrodes and connected to a switch in 
the power circuit to the electrodes automatically closes 
the circuit when there is fluid flow through the passage. 
A thermostat-type switch may be used to disconnect 
the electric power when the temperature is excessive. 
Other objects, advantages and capabilities of the 

present invention will become more apparent as the de 
scription proceeds taken in conjunction with the ac 
companying drawings, in which: 
FIG. 1 is a sectional view of a heater unit embodying 

features of the present invention; 
FIG. 2 is sectional view taken along lines 2-2 of 

FIG. 1; 
FIG. 3 is a sectional view taken along lines 3-3 of 

FIG. 1; 
FIG. 3A is a fragmentary sectional view taken along 

lines 3A-3A of FIG. 1; and 
FIG. 4 is a schematic diagram showing the heating 

apparatus utilized in the heater unit shown in FIGS. 
1-3. 
Referring now to the drawings, there is shown in 

FIGS. 1-3A an electric heater unit generally designated 
10 which generally comprises a casing 11 made as an 
integral unit of an electrically non-conductive material, 
preferably a molded plastic having a hollow cylindrical 
body with end portions 12 and 13 at opposite ends 
thereof. Internally threaded apertures 14 and 15 are 
formed in the end portions 12 and 13, respectively, to 
define a flow inlet and flow outlets, respectively. These 
internally threaded end portions make the ends of the 
casing suitable for coupling to the male externally 
threaded fittings on the ends of fluid conduits or flow 
lines. 
Within the casing 11 there is mounted an electrically 

conductive sleeve 18 of copper, brass or the like which 
surrounds and provides a support for an outer female 
electrode 21. The outer female electrode 21 has hollow 
and truncated cone-shaped inner annular surfaces 
which converges inwardly toward the outlet end 
thereof. An inner male electrode 22 is mounted within 
the outer electrode which is also truncated cone 
shaped outer annular surface which converges inwardly 
toward the outlet end so that the exterior surfaces of 
inner and outer electrodes will define an annular heat 
ing passage or chamber 23 which converges toward the 
outlet end so that the fluid-carrying volume of the pas 
sage progressively decreases from the inlet to the outlet 
and is tapered and sized to prevent the boiling away or 
vaporization of the conductive fluid as it is heated in 
and passes through the passage. The inner electrode 22 
is preferably made of carbon and has a solid conductive 
shaft 24 extending through the center thereof. The 
shaft has threaded end portions 24a and 24b at oppo 
site ends extending beyond the ends of the carbon 
body. 
The inner electrode 22 is supported in such a way as 

to be guided concentrically along the longitudinal axis 
of the casing by means of three circumferentially 
spaced cylindrical or rodlike guides 25. These guides 
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25 are arranged so that the upstream end portion of the 
inner electrode 22 slides along in a guided axial move 
ment, as best seen in FIG. 3. The inner and outer elec 
trodes terminate in a spaced relation to end wall 12 to 
form an upstream chamber 26 in the casing 1 located 
upstream of the electrodes. 
A disc-shaped support member 27 is provided in the 

casing downstream of the electrodes. Member 27 has 
a central aperture 27a and four circumferentially ar 
ranged and spaced apart apertures 27b. A cylindrical 
guide 28 is threaded on the end of the shaft 24 on the 
outside of a nut 29 holding the shaft 24 to the inner 
electrode. Guide 28 extends through the central aper 
ture 27a and is slidable relative thereto so as to support 
the downstream end of the inner electrode for guided 
sliding movement in a coaxial relationship with the 
outer electrode. The circumferentially spaced aper 
tures 27b permit the flow of the fluid therethrough. The 
inner and outer electrodes terminate in a spaced rela 
tion to the end wall 13 to form a downstream chamber 
30 in the casing downstream of the electrodes. 
An electric terminal connector for the outer elec 

trode 21 is provided by a bolt 31 having an outer exter 
nally threaded end portion 31a and an inner externally 
threaded end portion 31b. The bolt 31 extends through 
apertures in the casing 11 and conductive sleeve 18 and 
threads into the outer electrode 21 to make an electri 
cal connection with the outer electrode 21. A washer 
32 and electric line 33 are secured to the outer 
threaded end portions 31a by a nut 34. 
An electric terminal connector for the inner elec 

trode 22 is provided by a bolt 36 having an externally 
threaded outer end portion 36a. Bolt 35 extends 
through an aperture in the casing and an electric line 
38 and washer 37 are secured to the threaded portion 
36a externally of the casing by a nut 39. An inner insu 
lated electric line 41 is connected between the bolt 36 
and the threaded shaft end portion 24a. Electric line 41 
is secured to shaft 24 by a nut 43 with a washer 42 be 
tween the nut and carbon body in the upstream cham 
ber 26. An insulator cap 44 covers the connection on 
bolt 36 and an insulator cap 45 covers the connection 
to shaft 24 within the upstream chamber 26 to prevent 
the fluid from short-circuiting the electric connectors. 
A temperature-responsive or temperature-sensitive 

device 46 is mounted within the casing in the down 
stream chamber 30 to sense the heated fluid. Device 46 
is a bi-metal spring comprised of two layers 47 and 48 
that have different rates of thermal expansion. The 
shape of device 46 is essentially two backward S-shapes 
connected at the bottom and one of the downturned 
end portions is affixed to guide 28 and the other down 
turned end portion 56 is supported by a disc 50 with 
flow apertures 50a downstream of disc 27 and when de 
vice 46 heats, the end portions thereof move in such a . 
way as to push the inner electrode 22 in the upstream 
direction against the forces of a return spring 49 in up 
stream chamber 26 to adjust the spacing or passage 23 
between the electrodes in accordance with the fluid 
temperature. The return spring 49 returns the inner 
electrode to the position of minimum spacing between 
the electrodes. 
A flow-actuated member 51 in the form of a circular 

flap is pivotally mounted in downstream chamber 30 
and is responsive to the flow of fluid through the pas 
sage. The flap has a central aperture permitting it to 
slide over guide 28 and is mounted on a pin 52 extend 
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4 
ing through a wall of the casing. The pin 52 rotates 
freely permitting the member 51 to swing freely toward 
the downstream end when there is fluid flowing 
through the passage. As shown in FIG. 4, the pivot pin 
52 is coupled to a pair of rotary contact arms 54 and 
55 of a rotary switch arranged in the power circuit for 
controlling the electric power to the electrodes. A 220 
volt AC electric power source or supply represented at 
56 for the system comprises a conventional three-wire 
source with input lines 57 and 58 each having a sepa 
rate 10 volt AC and the third ground line 59 being 
connected to a ground. Active lines 57 and 58 connect 
to contact arms 54 and 55, respectively, through 
contact arms 61 and 62, respectively, of a manual elec 
tric control switch. In turn, contact arms 54 and 55 
connect to terminals 38 and 33, respectively, on the 
heater circuit. A temperature-sensitive thermostat-type 
switch or thermostat T1 is shown connected in line 57 
and similar switch or thermostat T2 in line 58. These 
switches are located in the casing and open when the 
temperature of the heated fluid becomes excessive and 
automatically close when the temperature drops back 
below a selected maximum temperature such as 160°F. 
The heater unit 10 is shown in FIG. 4 as being coupled 
between a supply conduit 65 receiving fluid from a 
source and an outlet valve on faucet 66 with the supply 
conduit being shown as electrically grounded as is the 
case for most pipe systems. 

In a full sequence of operation for the system shown 
in FIG. 4, then the contact arms 61 and 62 of the con 
trol switch are closed and valve 66 is opened to provide 
a fluid flow through the heater casing. Contacts 54 and 
55 close and the power circuit applies a separate AC 
voltage to each of the electrodes 21 and 22. The pas 
sage 23 between the electrodes is held by a spring 49 
to a minimum gap for the fastest heating switch and the 
passage gradually widens and increases flow as the fluid 
is brought up to the desired temperature. As the tem 
perature of the fluid increases, the device 46 will press 
against the plunger 28 moving the inner electrode 21 
in toward the upstream end and thereby widening the 
flow passage. In this way a substantially uniform tem 
perature is maintained for the fluid flowing through the 
passage. Once the flow control valve 66 is closed the 
fluid flow through the passage stops, member 51 ro 
tates to move the contact arms 54 and 55 to an open 
position and open the power circuit which remains 
open until the control valve 66 is again opened and the 
heating procedure is repeated. 
For some applications when only one 110 volt line is 

available or that is all the power that is required then 
line 33 may be connected to ground and the live power 
line terminal is connected to line 38 as shown in FIG. 
4. Conversely, this could be reversed by grounding line 
38 and applying the live power line to terminal 33. 
From the foregoing it is apparent that the heating ap 

paratus above described utilizing a non-conductive cas 
ing and an electric voltage to at least one electrode will 
cause current flow from the electrode to ground via the 
water. This has been found to materially reduce elec 
troplating or mineral build-up on the electrodes. The 
utilization of a heater passage which converges toward 
the outlet and progressively decreases in fluid-carrying 
volume toward the outlet in effect compresses the 
water and helps to avoid loss of fluid due to vaporiza 
tion. The automatic adjustment of the spacing in accor 
dance with fluid temperature affords close regulation 
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of discharge temperature. It is also apparent that sev 
eral of the heater units may be connected in series in 
a flow line to heat larger volumes and raise the temper 
atures more rapidly, if required. An optional feature 
would be a manual adjustment of the spacing between 
the inner and outer electrodes by using a threaded 
screw extending axially through the end of the housing 
and into the inner electrode 22. Further, it is apparent 
that the voltage to the electrodes may be adjusted to 
vary the temperature range of the fluid. 
Although the present invention has been described 

with a certain degree of particularity, it is understood 
that the present disclosure has been made by way of ex 
ample and that changes in details of structure may be 
made without departing from the spirit thereof. 
What is claimed is: 
1. Electric heating apparatus for heating electrically 

conductive fluids comprising: 
an outer casing of an electrically non-conductive ma 

terial having end portions defining a flow inlet and 
flow outlet, 

a hollow, outer female electrode, disposed within 
said outer casing and having a truncated cone 
shaped inner surface, 

and inner male electrode having a truncated cone 
shaped outer surface disposed in the outer elec 
trode spaced from and concentric with said outer 
electrode surface to provide an annular flow pas 
sage therebetween having a selected gap width, 
said outer female and inner male electrode surfaces 
converging from the inlet end to the outlet end to 
decrease the fluid-carrying volume of said passage 
toward the outlet end thereby preventing the fluid 
from boiling away as it passes through said flow 
passage, 

power circuit means for applying an electric voltage 
to at least one of said outer female and inner male 
electrodes using the fluid in the passage as a con 
ductor to ground potential for the current flow' of 
each of said electrodes to ground potential through 
the fluid to prevent electroplating of the elec 
trodes, 

support means at both the upstream and downstream 
ends of the inner male electrode for supporting said 
inner male electrode for axially alined movement 
while maintaining concentric uniformity in the an 
nular flow passage, said support means including a 
plurality of circumferentially spaced guides in the 
upstream end of the casing engaging the periphery 
of the inner male electrode and a downstream sup 
port in the downstream end of the casing support 
ing an extension of the inner male electrode, and 

axial positioning means for positioning the inner male 
electrode at a position of minimum spacing and ax 
ially moving the male electrode inclusive of a tem 
perature responsive member downstream of the 
electrodes to automatically adjust the spacing be 
tween the inner and outer electrodes in response to 
the temperature of the fluid to maintain a substan 
tially uniform heating effect for the fluid. 

2. Electric heating apparatus as set forth in claim 1, 
wherein said axial positioning means includes a fluid 
temperature responsive bi-metallic member having an 
essentially double backward S-shape in the down 
stream end of the casing to automatically adjust the 
spacing between the electrodes in response to a tem 
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6 
perature change in the fluid. 

3. Electric water heating apparatus comprising: 
an outer casing made of a plastic material and further 

including an inner metal sleeve, said casing having 
end portions defining a flow inlet and flow outlet at 
the end of the casing, 

supply conduit means coupled to the flow inlet end 
of the casing at a ground potential, 

a flow control valve coupled to the outlet end of the 
casing, 

an outer female electrode having a truncated cone 
shaped inner surface mounted in said outer casing, 

an inner male electrode having a truncated cone 
shaped inner surface spaced from and concentric 
within said female outer electrode to provide an 
annular flow passage therebetween of a selected 
gap width, said surfaces of the electrodes converg 
ing from the inlet end to the outlet end to decrease 
the fluid-carrying volume toward the outlet end 
thereby preventing the fluid from boiling away as 
it passes through said flow passage, 

support means at both the upstream and downstream 
ends of the inner male electrode for supporting said 
inner male electrode for axially alined movement 
while maintaining concentric uniformity in the an 
nular flow passage, said support means including a 
plurality of circumferentially spaced guides in the 
upstream end of the casing engaging the periphery 
of the inner male electrode and a support in the 
downstream, end of the casing supporting an exten 
sion of the inner male electrode, 

axial positioning means for positioning the inner male 
electrode at a position of minimum spacing and ax 
ially moving the male electrode inclusive of a tem 
perature responsive member downstream of the 
electrodes to automatically adjust the spacing be 
tween the inner and outer electrodes in response to 
the temperature of the fluid to maintain a substan 
tially uniform heating effect for the fluid, said axial 
positioning means for the inner male electrode in 
cluding a bias spring in the upstream end of the cas 
ing urging the inner electrode to a position of mini 
mum spacing and a fluid temperature responsive 
bi-metallic spring attached at one end and having 
the other end affixed to the extension on the inner 
male electrode to automatically adjust the spacing 
between the electrodes in response to temperature 
change in the fluid, 

AC power circuit means for applying a separate AC 
voltage to each of said inner male and outer female 
electrodes using the water passing through the flow 
passage as a conductor to the ground potential at 
said supply conduit means for current flow from 
each of said electrodes to the ground potential to 
prevent electroplating of the electrodes, 

flow actuated means in the casing downstrea, of the 
electrodes coupled to the power circuit means to 
automatically close AC power circuit means when 
the flow control valve is opened and automatically 
open the power circuit means when the flow con 
trol valve is closed and 

thermostat switch means to automatacally open said 
AC power circuit when the temperature of the 
heated fluid exceeds a preselected maximum 
amount. 
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