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POWER COMSUMPTION RATE MONITORED ELECTRIC
WATER-HEATING SYSTEM

BACKGROUND AND OBJECTS OF THE INVENTION

Electric power supply facilities typically offer very favora-
ble offpeak hour price rates. For example, whereas the normal
daytime rates may be of the order of 2 cents per kilowatt or
" more, the offpeak hour rates may be as low as 0.4 cents per
kilowatt. Such low rates are of course more than economically
competitive with the more conventionally used fuels for in-
stitutional water-heating purposes, or the like. Such low rates
are typically available say from 11—12 p.m. to 6—7 a.m.; the
period during which the typical utility has power to spare. In
consequence, it is economically desirable to employ a water-
heating system wherein the main electric heaters and circula-
tor pumps operate only during the offpeak hours, to heat the
contents of the hot water storage system to such temperature
that it will meet the heated water demand throughout the en-
tire 24-hour period. Then, during the peak load (daytime)
period the circulators and water heaters are kept inoperative,
except of course in cases where emergency override arrange-
ments are provided. Also, it is often advantageous to in any
case limit the power consumption rate to a prescribed max-
imum.

Many arrangements have been previously proposed for tak-
ing advantage of the so-called “offpeak” electric utilities
power rates as explained hereinabove; the basic concept being
to timeclock overcontrol the heating cycles of the electric
heater system so as to limit its power consumption to the off-
peak hours. In consequence, such systems typically contem-
plate employment of oversize storage tanks so as to accom-
. modate sufficient volumes of water as may be heated during
the offpeak hours which will satisfy (in the role of a hot water
storage facility) the demand for heated water during the peak
hot water demand hours. However, such systems have hereto-
fore proved to be less than satisfactory for several reasons.

For example, a basic system of this type embodying an
adequate safety factor with respect to the volume of stored
heated water would require an exorbitant capital investment.
Therefore, such systems are usually engineered to minimum
oversize factors and include inadequate provisions to accom-
modate unexpected accidents or misuse of the heated water
supply. Furthermore, such prior-type offpeak water-heating
systems are typically propense to pump agitation and thermal-
syphon induced stirrings of the storage tank contents, whereby
water at only approximately the mean temperature of the tank
contents is usually available at the takeoff connection.

The present invention distinguishes from the prior art in
that it provides a simple and accurately functioning system for
ensuring delivery of the desired supply of water at the desired
temperature to the storage tank takeoff connection, while at
the same time being monitored from the power consumption
rate standpoint so as to take advantage of the currently availa-
ble power supply utility offpeak price rates.

Furthermore, the invention contemplates a water-heating
apparatus which lends itself with improved results to installa-
tions employing discriminating power-supply-monitoring
systems such as automatically limit the power service to the
water-heating apparatus to periods when the other (preferred)
loads on the same meter are heavy. Thus, penalties or so-
called “kilowatt demand overcharges™ such as are usually im-
posed by the supply utilities for any power consumption over
certain scheduled rates during prescribed periods, may be
avoided.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

FIG. 1 is a vertical sectional view through a heated water
supply apparatus of the present invention;

FIG. 2 is a left-hand end elevational view thereof;

FIG. 3 is an enlarged scale fragmentary sectional view
through an automatic waterflow-rate-regulating valve such as
may be employed as a component of the mechanism; and
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FIG. 4 is a wiring diagram illustrating a typical power supply
and control system for an apparatus.of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As illustrated by the drawing herewith at FIGS. 1, 2, the in-
vention may be embodied in a heated water supply system in-
cluding a water storage tank 10 having a cold water inlet con-
nection 12 at the bottom level thereof, and a heated water
takeoff connection as indicated at 14 through the *“ceiling”
portion of the tank. The tank is preferably heat insulated as in-
dicated at 16; and for transport purposes is shown as being
mounted on parallel skids 18-18.

In accord with the present invention a system of immersion-
type electric heater elements as indicated at 20 is shrouded as
indicated at 22 and so positioned as to extend through a lower
wall portion of the tank; the inner end of the shroud 22 being
open as indicated at 24. At its outer end the shroud 22 is en-
closed by a bonnet 26 into which the terminals of the heating
elements 20 extend for electrical connections to their power
supply leads coming from the nearby control panel 28, the
contents of which will be explained hereinafter.

It is a particular feature of the present invention that a
water-circulating pump as indicated at 30 is arranged to have
its intake in open communication with the interior of the
shroud 22 adjacent the outer end thereof, and is automatically
controlled to operate whenever the heater elements 20 are
energized. The outlet of the pump 30 connects by means of a
conduit 32 into a distributor conduit 34 which extends into the
interior of the tank 10 just under the ceiling portion thereof,
and is therefore disposed closely adjacent to the takeoff con-
nection 14. Hence, it will be appreciated that operation of the
pump 30 will cause water from the lower interior of the tank
10 to be drawn into and through the shroud 22 in heat
exchange relation with the elements 20; and thence through
the pump and into the distributor conduit 34 for discharge
into the uppermost level of the tank.

As indicated at 35 (FIG. 1) an inflow deflector is preferably
provided to baffle and guide the direction of flow of incoming
cold water, whénever heated water is withdrawn through the
outlet. This ensures that the cold water flows inwardly and
horizontally across the bottom floor portion of the tank, and
does not project upwardly into the main body of water in the
tank, such as would agitate it and break down the normally
present temperature stratifications therein.

It is another particular feature of the invention that a flow-
regulating valve device such as is illustrated as 36 (FIGS. 1—
3) is connected in the line of the conduit 32 to control the flow
of water through the heater in response to operation of the
pump. The function of the valve 36 is to tailor the rate of
water transmission through the heat exchanger shroud accord-
ing to the temperature of the water being drawn through the
shroud, so that the water being delivered by the pump into the
uppermost level of the tank is at the desired temperature for
withdrawals through the outlet 14. This result is attained by
employment of a flow-regulator-type valve which is automati-
cally responsive to the temperature of the water passing
therethrough so as to constantly adjust and readjust the rate of
waterflow through the heat exchanger so that the water
delivered by the pump will at all times be at the prescribed
temperature.

As shown by way of example at FIG. 3, a suitable regulator
valve for this purpose may comprise a bulb-shaped casing 40
having a water inlet connection as indicated at 42 and an out-
let port as indicated at 44; and an intermediately disposed par-
tition 46 which is centrally apertured to provide an annular
valve seat 48. A circular valve 50 is provided to cooperate
with the valve seat portion 48 and is carried by a valve stem 52
extending from one end of a heat-extensible bellows device as
indicated at 54; the bellows 54 being based at its other end
upon a support bracket designated 55. For convenience in
manufacture and assembly the valve casing 40 may be of two-
part form as illustrated herein, whereby the bellows support
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bracket is conveniently mounted between the valve body parts
as shown. A valve-performance-regulating device is provided
in the form of a compression spring 56 which seats at one end
against the valve disc 50 and at its other end against a retainer
58 which is carried by an adjustment screw 60 which is
threaded through a wall portion of the casing 40. A supple-
mental closure screw as indicated at 62 is preferably provided
to cover the entrance to the adjustment screw 60. Thus, it will
be understood that the action of the thermostat valve unit
50-—54 may be readily adjusted by simply removing the cover
screw 62 and inserting a screwdriver to engage the adjustment
screw 60.

FIG. 4 illustrates the power supply and wiring diagram of a
typical control system for the apparatus of the present inven-
tion. As shown, the heater 20 of FIG. 1 comprises a bank K of
separate heating elements 70,72,74,76,78, and 80 selectively
connected to the powerlines by means of the magnetic contac-
tors indicated generally by the reference character B. In the
control portion of the system, shown at the right-hand side of
FIG. 4, there is a bank of actuators 82, 84, 86, 88, 90 and 92
which control the magnetic contactors B. Thus, the actuator
82 controls the contactors 94, the actuator 84 controls the
contactors 96, and so on so that each actuator controls one of
the heating elements 70—80. It will be noted that controls for
the bank of heating elements are separated into two parallel
groups, one of which contains the actuators 82, 84, 86 and 88
and the other of which contains the actuators 90 and 92 so
that, for the system shown, the heating elements 70, 72, 74
and 76 may be controlled as a group whereas the two remain-
ing heating elements 78 and 80 may be controlled as another
group under control by the respective actuators 90 and 92.
The control circuit includes two normally open timeclock
switches L, one such switch 98 being used to assure that none
of the actuators 82, 84, 86 and 88 may be operated except
during offpeak time, whereas the other switch 100 is provided
with an override control switch N in parallel with it so that the
actuators 90 and 92, and consequently their corresponding
heating elements 78 and 80, may be operative at any time. The
switch N corresponds to the normally closed contacts of the
override thermostat 65 in FIG. 1.

To complete the control switch system, the prime thermo-
stat switches F are provided, which correspond to the nor-
mally closed contacts of the prime thermostat 66 of FIG. 1.

In operation, it will be appreciated that the timeclock motor
M causes the switches 98 and 100 to be closed only during the
offpeak periods, at which time operation of all of the heating
elements is effected provided, of course, that the prime ther-
mostat switches F are also closed. The switches F control the
maximum water temperature and are set to open at tempera-
tures above about 140° F. and so would normally be closed at
the beginning of any offpeak period when the water would be
relatively cold. The switch N is set to open at temperatures
higher than about 120°—125° F. and since this switch, when
closed, will cause the pump to operate and allow the heater
elements 78 and 80 to operate at any time that the water tem-
perature drops below this temperature range, the water tem-
perature at the beginning of the offpeak period should be at
least within this range.

Thus, there is provided a water-heating system which is
operative so that although when the offpeak period begins and
the tank is nearly depleted of hot water, water being processed
will be heated and immediately pumped to the top of the tank
and delivered into the region of the hot water outlet. This
water will have thereby been brought automatically up to
proper temperature by reason of the operation of the heating
system and special control valve as explained hereinabove.
This heated water will of course be of lower density, and will
therefore remain at the top of the tank and in position to be
first drawn from the tank, as required.

The valve 36 operates to control the rate of pumping and
delivery of the water to the outlet fixture in such manner-as to
match the temperature control requirements. For example, if
the heater 20 were capable of raising 25 g.p.m. from 40° F. to
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140° F., and it is desirable to discharge the water into the top
of the tank at 140° F., the pump and the valve combination
should circulate 25 g.p.m. through the heater. This would be
typical of the operation at the beginning of the offpeak period
when the majority of the water in the tank is relatively cold.
Then, when the offpeak period is nearly over, the tank should
be nearly full of hot water, and the water entering at the heater
shroud would be of the order of 120° F. The valve system
should now permit 125 gallons of water to be circulated per
minute since the heater need only raise the water 20°, and it is
therefore capable of heating five times as much water as when
the offpeak period began.

It is quite common in offpeak water-heating systems to pro-
vide a thermal override control so that some hot water will be
available from the outlet when the heated water supply is
depleted, so as to provide for some accommodations to
plumbing accidents or wasteful misuse of water from the tank.
In some cases, to protect against such eventualities, arrange-
ments are made whereby say one-third of the components of
the electric heater unit are energized; such as for example
whenever the water temperature drops down to the vicinity of
120° or 125°. Energization of all of the electric heater ele-
ments is avoided because that would increase the operator’s
peak electrical demand rate, which would result in a higher
monthly billing rate. Thus, in conventional systems the heater
will under such conditions deliver only partially heated water.
However, in a situation as above described, in the case of the
present invention the power supply control mechanism will
turn on only enough electricity to produce 8 gallons of
properly heated water per minute. The valve and the pumping
system will then regulate themselves so that only that much
water is pumped through the unit per minute, and therefore
water is delivered to the top of the tank at 140°F.

Thus, it will be understood that the present invention fea-
tures a water-heating system which includes a single compact
storage tank and a self-regulating temperature-controlled
valve responsive to the temperature of the water passing
through the pump to control the rate of water displacement
through the electrical heater unit. As the water exits from the
heater it is delivered directly into the region of the tank outlet,
and thus the immediately deliverable water supply is main-
tained at the desired temperature. Therefore, the invention
provides an improved electric water-heating system which
lends itself uniquely and with improved facility to an electric
power supply overcontrol arrangement limiting power con-
sumption primarily to offpeak hours, and/or operates in any
case to limit the power consumption rate to a prescribed max-
imum. This is because whenever the prime control thermostat
calls for more heat, whatever power is available (as monitored
by the override thermostat) will be applied directly and only
to the water being delivered directly to the tank outlet. Hence,
the most efficient use is made of whatever power is available
under marginal power supply conditions.

By way of further explanation of the power supply and
heater control system as diagrammed at FIG. 4 herewith, it
should be noted that provision of the timeclock override
device N is optional. The limit switches E-E-E (or equivalents)
are typically provided to monitor the temperatures at succes-
sive levels in the tank and to shut down the system in event a
prescribed maximum is exceeded; such as would indicate a
dangerously low water level, or other trouble.

What I claim as my invention is:

1. An electric water-heating system ‘including a water
storage tank having a cold water inlet connection into its bot-
tom level and a heated water outlet connection leading from
its uppermost level, .

a shroud extending into said tank and being open at its inner

end,

an electric immersion heater unit disposed within said
shroud, _

a heated water delivery conduit conducting water from a
portion of said shroud remote from its open inner end and
back into said tank at a position in close proximity to said
heated water outlet connection,
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a water pump in the line of said conduit,

and a waterflow-rate-regulating valve in the line of said con-
duit, - . '

said valve being automatically responsive to changes in the
temperature of the water passing therethrough so as to
appropriately throttle the rate of flow of water flowing
through said shroud in heat exchange relation with said
heater unit so as to maintain the water being delivered to
said outlet connection at a prescribed temperature.

2. A heating system as set forth in claim 1 wherein a prime
control thermostat is disposed in the upper level portion of
said tank and is operable to regulate operations of said heater
and said pump in accordance with the temperature of the
water in the upper level of said tank.

3. An electric water-heating system comprising, in combina-
tion; }

a water storage tank having a cold water inlet into its bot-
tom level and a heated water outlet connection leading
from its uppermost level; '

a shroud extending into said tank and having an open inner
end located in the bottom level of the tank;

electric heating means within said shroud; S

pump means for circulating water from the bottom level of
the tank through said open inner end of the shroud and
over said heating means to a discharge region in the
vicinity of said heated water outlet;

control means for energizing said heater means and said
pump means only during offpeak electrical supply
periods; and

waterflow-rate-regulating means for controlling the rate of
circulating water flowing over said heater means so as to
maintain the water circulated to said outlet connection at
a prescribed temperature.

4. The electric water-heating system according to claim 3
wherein said heating means comprises a plurality of heating
elements; and including override thermostat means for ener-
gizing said pump means and less than all of said heating ele-
ments at any time that the temperature of the water in said
tank falls below a predetermined temperature.

§. The electric water-heating system according to claim 3
wherein said control means includes time-control switch
mechanism and. prime control thermostat mechanism; said
heating means comprises a plurality of heating elements con-
trolled by said control means; and including override thermo-
stat means for overriding said time-control switch mechanism
to energize less than all of said heating elements at any time
that the temperature of the water in said tank falls below a
predetermined temperature,

6. A water-heating system comprising, in combination;

a heated water storage tank having a cold water inlet con-
nection into its bottom level and a heated water outlet
connection leading from its upper level, said outlet con-
nection being adapted to supply a system which may de-
mand hot water intermittently or continuously at any
time; :

a shroud in said tank and having an opening located in the
bottom level of the tank;

heating means within said shroud;

pump means for circulating water from the bottom level of
the tank through said opening in the shroud and over said
heating means to a discharge region in the vicinity of said
heated water outlet;

control means for periodicaily operating said pump means
and said heating means.to build up a supply of heated
water within said tank which may be depleted progres-
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sively during time intervals between periods in which said
pump means and said heating means are being operated;
and .

waterflow-rate-regulating means for controlling the rate of
circulating waterflow over said heating means so as to
maintain the water delivered to said outlet connection at
a prescribed temperature whenever said pump means and
said heating means are being operated, whereby an in-

creasing supply of heated water at said prescribed tem-
perature is circulated to said discharge region during

periods in which said pump means and said heating means
are being operated. ‘ :

7. The water-heating system according to claim 6 wherein
said heating means comprises a plurality of heating elements;
and including override thermostat means for energizing said
pump means and less than all of said heating elements at any
time that the temperature of the water in said tank falls below
a predetermined temperature. .

8. The water-heating system according to claim 6 wherein
said control means includes time-control switch mechanism
and prime control thermostat mechanism; said heating means
comprises a plurality of heating elements controlled by said
control means; and including override thermostat means for
overriding said time-control switch mechanism to energize
less than all of said heating elements at any time that the tem-
perature of the water in said tank falls below a predetermined
temperature.

9. A water-heating system comprising, in combination;

a heated water storage tank having an outlet connection
adapted to supply water at a selected temperature to an
external system which may demand heated water at any
time and having a cold water inlet connection for supply-
ing cold water to the bottom region of said tank to
replenish water withdrawn from the tank by the external
system and means associated with said inlet connection
for ensuring that cold water when supplied does not pro-
ject upwardly into the main body of water in the tank
such as would break down the normally present tempera-
ture stratification therein;

a shroud having an inner end in flow communication with
said bottom region of the tank;

a plurality of electric heating elements in said shroud for
heating water flowing through the shroud;

conduit means including pump means for circulating water
from the bottom region of said tank, through said shroud
in heat transfer relation to said heating elements and then
into the top of said tank, whereby progressively to build
up a reservoir of heated water in said tank from the top
region thereof downwardly toward the bottom region
thereof so that water at said outlet is at said selected tem-
perature whereas water entering said shroud is relatively
cool throughout a substantial portion of such buildup;
and

temperature-sensitive control means for controlling the
heat input per volumetric unit of water passing through
said shroud to maintain said water delivered to the top re-
gion of the tank at said selected temperature.

10. The water-heating system as defined in claim 9 wherein
said temperature-sensitive control means is responsive to dif-
ferent selected water temperature to selectively energize said
heating elements, ‘

11. The water-heating system as defined in claim 9 wherein
said temperature-sensitive control means includes a tempera-
ture-responsive valve in said conduit means.
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