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1 ,
WATER HEATING AND SUPPLY SYSTEM

SUMMARY OF THE INVENTION

The present invention relates to water heating and
storage systems, and more particularly to improve-
ments in systems adapted for installation in office,
school or apartment buildings or the like, wherein
space saving is an important consideration, and
wherein peak demands for hot water are interspersed
by pluralities of normal demands, which require water
flow rates through the system substantially below that
required by the peak demands.

Specifically, the system of the present invention fea-
tures a relatively small heated water storage tank. The
tank is provided with a cold water supply inlet for re-
plenishing water withdrawn from the tank through a
shrouded heat exchanger with heating capacity suffi-
cient to increase the temperature of water passing
therethrough during a peak demand up to a desired de-
livery temperature. A pump is also connected into the
discharge end of the heat exchanger and employed to
normally circulate water through the heat exchanger
between different levels of the tank with a view to bring
up and/or maintain water within the tank at the desired
delivery temperature; the heat exchanger being regu-
latable by a suitable sensor arranged to sense the tem-
perature of water passing from the heat exchanger.

In that heat exchangers must be designed to at least
substantially accommodate peak hot water demands,
they necessarily possess reduced heat exchange effi-
ciencies during normal demand periods, which may re-
quire flow rates which are typically less than 50 percent
of the flow rate experienced during a peak demand.
Further, time delays are necessarily experienced be-
tween the sensing of the temperature of water passing
from the heat exchanger and regulation of the heat ex-
changer in accordance therewith, as by adjustably con-
trolling a flow control valve through which a suitable
heating medium is admitted to the heat exchanger. As
a result, a heat exchanger is ofttimes subject to wildly
cycling or fluctuating operating conditions, thereby re-
sulting in inefficient power consumption and substan-
tial variances from the desired temperature of the de-
livery water. - . ’

The above problems are particularly acute when the
heating medium is steam, but may be encountered in
varying degrees when other heating mediums including
boiler water are employed. In this respect, it has been
recognized that when conventional flow control valves
are operated from between about 0 and 50 percent ca-
pacity (which accommodates for normal hot water de-
mands on the system) such valves are very inefficient
and promote cycling of the temperature control sys-
tem. However, as the control valve is operated from be-
tween about 50 and 100 percent capacity, the problem
of cycling of the system is progressively reduced, be-
cause both the flow control valve and the heat ex-
changer approach their most efficient ranges of opera-
tion. " ' ‘ :

In accordance with the present invention, the prob-
lems heretofore described are substantially reduced by
providing the heat exchanger with a pair of water inlets;
a first of such inlets accommodating for system recov-
ery and normal demand or withdrawal periods, and the
second inlet accommodating for additional water in-
take requirements occasioned by peak demands.
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For example, as shown in the drawing herewith the
first water intake to the heat exchanger is in the form
of a vertically extending manifold arranged to take in
water from different levels of the tank at which levels
water at varying temperatures will exist, due to pump
circulation or turbulence conditions occasioned by the
introduction of cold supply water into the tank during
a withdrawal. The manifold, in effect, serves to pass
water to the heat exchanger at some “‘integrated” or
‘“averaged” value, which increases or decreases in a
relatively smooth or consistent manner. By thus damp-
ening the variations in temperature of water passing to
the heat exchanger, the magnitude and period of tem-
perature variations in the water passing from the heat
exchanger into association with the temperature sensor
is of course reduced, thereby permitting the control
valve to be smoothly operated to achieve optimum effi-
ciency of the temperature control system during both
recovery and withdrawal periods.

The manifold is designed to accommodate only re-
covery circulation and withdrawals at normal rates;
thereafter effectively limiting the rate at which water
may be withdrawn therethrough by creating an effec-
tive pressure drop, thereby establishing a pressure dif-
ferential between the interiors of the tank and the heat
exchanger. In accordance with the present invention
this pressure differential is employed to control opera-
tion of the second inlet means, which is in the form of
a valve automatically operable to permit appropriate
amounts of water to be added to that taken in through
the manifold whenever required by larger than normal
withdrawal demands. Preferably, the valve when
opened, would initially permit hot water from within
the upper level of the tank to enter the heat exchanger;

‘thereby dampening the temperature transition.

"As will be appreciated, the admission of water
through the second inlet means will not by itself, pro-
duce undesirable cycling of the control system, since
the system design will be such that the heat exchanger
and control valve will be operable in their most effi-
cient operational ranges during above normal draws.

DRAWINGS

" The nature and mode of the present invention will
now be more fully described in the following detailed
description taken with. the accompanying drawings
wherein:

FIG. 1 is a schematic sectional view illustrating one
form of the water heating and storage system of the
present invention; and

FIG. 2 is a schematic sectional view illustrating a
modified form of the present invention.

DETAILED DESCRIPTION

Now referring more particularly to FIG. 1, the water
heating and storage system of the present invention is
generally designated as 10 and shown as including a
generally horizontally disposed water storage tank 12
having a cold water supply inlet connection 14 for re-
plenishing water withdrawn from the tank.

A heat exchange unit, generally designated at 16, in-
cludes a tubular shroud 18 housing a bundle of return
bent heat-exchange tubes 20. Tubes 20 extend through
a tube sheet 22, which closes the outer end of shroud
18, and into a heating medium supply bonnet 24. Alter-
nately disposed baffle plates 26 are preferably arranged
within- shroud 18 to guide the flow of water there-
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through along an undulating or zig-zag path relative to
tubes 20 to insure maximum heat exchange efficiency.

Bonnet 24 is provided with an internal partition or rib
28, which divides the fluid chamber portion thereof
into multiple sections into which in turn are connected
heating medium inlet and outlet conduits 30 and 32,
respectively. The heating medium may be steam, boiler
water, etc. The admission of the heating medium
through inlet conduit 30 may be varied by a flow con-
trol valve 34 whose operation is adjustably controlled
by a suitable water temperature sensing device 36 ar-
ranged adjacent the outlet or delivery end portion of
shroud 18.

By referring to FIG. 1, it will be apparent that heated
water may be withdrawn from the delivery or outlet
end portion of shroud 18 either for delivery to a point
of use through a heated water delivery conduit 38 and-
/or for reintroduction into a lower level of tank 12 by
a conduit 40 including a pump 42, which preferably
runs continuously.

At this point, it will be understood that heat exchange
unit 16 is preferably designed to raise the temperature
of water passing therethrough up to a desired with-
drawal or delivery temperature, when such water is
flowing at a given maximum rate determined by a peak
defnand required by fixtures, not shown, to which de-
livery conduit 38 is connected. However, for many in-
stallations, including multiple tenant dwellings, normal
demands occurring periodically throughout any given
24 hour period are normally satisfied by the operations
of the heat exchange unit at less than about 50 percent
capacity. :

The inlet end portion of shroud 18 is disposed interi-
orly of tank 12 and receives tank water to be heated
from a novel selective flow source/rate feed system
generally designated as 44. System 44 includes a first
water intake device in the form of a substantially verti-
cally extending manifold 46, which is arranged to take
in water from throughout a relatively lower region of
the tank, and a second water intake device in the form
of a pressure-differential responsive valve 48, which is
arranged adjacent the upper end of manifold 46 in
order to take in water from a relatively upper region of
the tank.

Manifold 46 is shown as being provided with a plural-
ity of water intake openings 50, which are spaced verti-
cally along the manifold and an outlet opening 52.ar-
ranged in flow communication with the inlet end por-
tion of shroud 18. As will be apparent from viewing
FIG. 1, intake openings 50 are arranged in flow com-
munication with different levels within tank 12 at
which levels water at different or varying temperatures
may exist, due to pump circulation or turbulance occa-
sioned by the introduction of cold supply water into the
tank during a draw period. ’

Manifold 46 may be fabricated in any suitable man-
ner, as from standard tubular stock, and inlet openings
50 may be suitably formed, as by a series of saw cuts
or drilled or punched holes through the side wall of the
tubular stock. Alternatively, manifold 46 may be in-
clined relative to its position shown in FIG. 1, and/or
the plural inlet openings may be replaced by a single
elongated inlet opening arranged to take in water from
desired levels within the tank.

Further, the inlet openings of manifold 46 are sized
50 as to permit up to about a “normal”’ rate of flow of
water into shroud 18, which is an amount equivalent to
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a selected rate of circulation determined by operation
of pump 42 plus withdrawals from the system at ‘““nor-
mal”’ rates through delivery conduit 38. Thus, the oper-
ation of pump 42 and the initiation of a draw will cause
water to be sucked into manifold 46 through openings
50 from all levels within the tank that are within the el-
evational reaches of the manifold, such water being
mixed or integrated within the manifold for passage
into heat exchange association with tubes 20. The
amounts of water withdrawn from each of the several
levels within the tank may be equal or varied, depend-
ing upon the relative sizes and placements of the open-
ings 50. It will be understood that the term “lower” re-
gion is meant to include a substantial portion of the ver-
tical extent of tank 10, in that it is desirable to permit
manifold 46 to take in water from levels at which
widely differing water temperatures may exist. On the
other hand, the term ‘“‘upper’ region is meant to in-
clude only a relatively small portion of the vertical ex-
tent of the tank in which is normally formed a *‘reser-
voir” of hot water, as a result of stratification phenom-
ena. _ '

Thus, it will be appreciated that the provision of man-
ifold 46 serves to increase the recovery efficiencies of
the system. In this respect, the mixing or integrating of
water from the different temperature levels within the
tank serves at least for a substantial portion of the re-
covery period to decrease the temperature of water
supplied to shroud 18, whose elevated position would
otherwise result in only relatively hot water from the
relatively upper region of tank 12 to be drawn there-
into; thereby forcing the heat exchange unit to initially
operate in a more efficient range in order to quickly
bring the circulated water up to the prescribed with-
drawal temperature. The required output of the heat
exchanger would of course be progressively reduced as
all the water within the tank is brought up to the sub-
stantially desired withdrawal temperature.

When a normal draw is initiated and cold supply
water enters the tank, manifold 46 serves to minimize
sudden turbulence induced variations in the tempera-
ture of water passing into shroud 18 with the resuit that
the ‘‘integrated” or averaged temperature of such
water is progressively reduced. As a result, temperature
sensor 36 serves.to smoothly and progressively open
the control valve 34 to permit heating of the water to
be more efficiently accomplished.

Valve 48 is adjusted so as to remain closed when op-
erating under pressure differentials such as are encoun-
tered under ‘“normal” operations of the system. Thus,
as indicated above, when operating under recovery and
“normal’ withdrawal conditions, pump 42 gently cir-
culates water at a selected rate through manifold 46,
shroud 18, and then into the lower level of the tank;
thereby maintaining and/or gradually bringing the en-
tire tank contents up to the desired withdrawal temper-
ature. However, when withdrawals of hot water
through conduit 38 increase above the ‘‘normal’ with-
drawal rate, the pressure drop across manifold 46 be-
comes sufficient to initiate opening of valve 48 so as to
allow appropriate amounts of hot water to be drawn
from the uppermost region or level of the tank and to
be mixed with the relatively cool water being drawn in
through manifold 46. The withdrawal of relatively hot
water from the upper level of the tank serves to initially
meet the ‘“‘excess’ demand for water at the desired
withdrawal temperatures without requiring an immedi-
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ate surge of heater operation such as would otherwise
be occasioned if valve 48 were to remain closed and
cause the inflow of relatively cold supply water through
the lower portion of the manifold in an amount suffi-
cient to accommodate for the increased demand. The
amount of hot water present in the upper level of tank
12 is sufficient to afford the heat exchanger time to ob-

tain its most efficient operating condition. Also, the ad-’

mission of water through valve 48 reduces the problem
of undesirable control system cycling. As illustrated at
FIG. 1, the opening and closing of valve 48 may be con-
trolled by a suitable spring device 54; which is made ac-
cessible for purposes of adjustment and/or replacement
by providing tank 12 with an access opening 56.

FIG. 2 illustrates a modified form of the heating sys-
tem of the present invention, wherein similar compo-
nents are designated by similar “prime” numerals. In
this form, tank 12’ is of the stand up type in order to
minimize the floor space required for installation; and
inlet connection 14, conduit 40’ and manhole 56’ are
arranged to permit tank 12' to be installed within a
room or room recess with minimum spacing between
the room walls and three sides of the tank.

Thus, it will be appreciated that the present invention
provides a novel water heating and storage system em-
bodying various important features and advantages as
set forth hercinabove. While the. invention has been il-
lustrated and described with reference to a heating sys-
tem by steam or hot fluid energized type immersion
heater, it will be understood that the invention may be
embodied in other forms of heating systems.

We claim:

1. A system for supplying water within a desired tem-
perature range to an installation characterized as hav-
ing peak demands for such water at up to a given maxi-

mum rate of flow and normal demands for such water.

at normal rates of flow substantially less than said maxi-
mum rate of flow, said system comprising in combina-
tion:

a hot water storage tank having a capacity sufficient
to accommodate for only relatively short demands
of water within said temperature range at said max-
imum rate;

inlet means for delivering relatively cold supply water
into a relatively lower region of said tank to replen-
ish water withdrawn therefrom, whereby said tank
tends to become filled with relatively cold water
progressively upwardly throughout said lower re-
gion as water is withdrawn from said tank;

water témperature sensing means; :

a conduit system including (1) heater means, having
means responsive to said sensing means for regulat-
ing the heating output thereof, (2) intake means
for delivering tank water to said heater means and
(3) means downstream of said heater means for
normally circulating water heated by said heater

“means into said tank at a selected rate thereby
tending to add heat to the water contents of said
tank and to establish a reservoir of tank water
heated up to within said temperature range at least
within a relatively upper region of said tank; and

outlet means connected into said conduit system
downstream of said heater means for withdrawing
water from said tank for delivery to said installation
upon demand at rates up to said maximum rate;’

said intake means including (1) first means for deliv-
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lower region at flow rates accommodating for said
selected flow rate and said normal flow rates and
(2) normally-closed second means for delivering
tank water to said heater means from said upper
region whenever the rate of withdrawal of water
through said outlet means is at a rate in excess of
said normal flow rates.

2. A system according to claim 1, wherein said heater
means is characterized as having relatively maximum
heating efficiency when operating at a heating output
rate needed to heat the water to within said tempera-
ture range at said maximum withdrawal rate and being
relatively inefficient when operating at a heating output
rate needed to heat water to within said temperature
range at flow rates below said normal rates.

3. A system according to claim 2, wherein said heater
means includes a steam powered heat exchanger and a
steam flow control valve operable in response to said
temperature sensing means.

4. A system according to claim .1, wherein said first
intake means includes means for inducing a pressure
differential in said conduit systém upstream of said
heater means relative to said tank whenever the with-
drawal demand exceeds said normal flow rates, and
said second intake means includes normally-closed
valve means operable in response to said pressure dif-
ferential.

5. A system according to claim 1, wherein said first
intake means is arranged in flow communication with
vertically different levels within said tank at which lev-
els different water temperatures may exist, whereby the
temperature of water passing through said first intake
means into heat exchange relationship with said heater
means is an integral of the temperatures of water with-
drawn from said levels.

6. A system according to claim 5, wherein said first
intake means includes means for inducing a pressure
differential in said conduit system upstream of said
heater means relative to said tank whenever the with-
drawal demand exceeds said normal flow rates, and
said second intake means includes normally-closed
valve means operable by said pressure differential to
admit the additional flow of water to said heater means.

7. A system according to claim 6, wherein said heater
means includes a steam powered heat exchanger and a
steam flow control valve operable in response to said
temperature sensing means, and said control valve is
characterized as having an efficiency of less than about
50 percent for heating tank water to within said tem-
perature range when withdrawal flow rates are less than
about said normal flow rates and as having progres-
sively increasing efficiency as withdrawal flow rates in-
crease above said normal flow rates towards said rela-
tively maximum flow rate.

8. A system according to claim 1, wherein said water
circulating means includes a continuously driven
pump.

9. A system according to claim 1, wherein said con-
duit system includes a shroud havmg an inlet end por-
tion disposed within said tank in flow communication
with said intake means and an outlet end portion dis-
posed exteriorly of said tank in flow communication
with said outlet means and said water circulating
means, said water circulating means includes a continu-
ously driven pump and delivers circulated water into
said lower region of said tank, said heater means is an
immersion heater to which heating medium is supplied
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under the control of a heating medium flow control
valve, said sensing means is arranged within said outlet
end portion, said first intake means is open to vertically
spaced levels within said tank at which levels signifi-
cantly different water temperatures may be expected to
exist during operation, said first intake means includes
means for inducing a pressure differential in said
shroud inlet end portion relative to said tank whenever
the withdrawal demand exceeds said normal flow rates,
and said second intake means includes a normally-
closed spring-biased valve operable by said pressure
differential to admit additional water flow to said
shroud inlet end portion.

10. A "s“yste'm according to claim 1, wherein said

water - temperature sensing means senses the tem-
perature of the heated water downstream of the
heater means. ‘

11. A system for supplying water within a desired

temperature range to an installation characterized as
having peak demands for such water at up to a given
maximum rate of flow and normal demands for such
water at normal rates of flow substatially less than
said maximum rate of flow, said system compnsmg
in combination:

a hot water storage tank having a capacity sufficient
to accommodate for only relatively short demands
of water within said temperature range at said max-
imum rate;

inlet means for delivering relatively cold‘supply water
into a relatively lower region of said tank to replen-
ish water withdrawn therefrom, whereby said tank
tends to become filled with relatively cold water
progressively upwardly from said lower region as
water is' withdrawn from said tank;

water temperature sensing means;

water heating means including (1) a heater having
means responsive to said sensing means for regulat-
ing the heating output thereof to maintain the tem-
perature of water passing downstream therefrom
within said temperature range, (2) intake means
for delivering tank water to said heater and (3)

means for increasing the temperature of the tank .

water at least within an upper region of the tank to
within said temperature range during periods of
less than normal demands; and
outlet means for withdrawing water from said tank
successively through said intake means and said
- heater for delivery to said installation at flow rates
up to said maximum rate;
said intake means including (1) first means for con-
© currently delivering tank water to said heater from

vertically different levels within said tank, at which .

ievels significantly different water temperatures
may be expected to exist during operation, at rates
accommodating for said normal flow rates and (2)
normally-closed second means for delivering addi-
tional tank water to said heater from said upper re-
gion of said tank to accommodate for withdrawal
at rates in excess of said normal flow rates. '

12. A system according to claim 11, wherein:

said heater means includes a steam powered heat ex-
changer and a steam flow control valve operable in

response to said temperature sensing means; and
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said control valve is characterized as having an effi-
ciency of less than about 50 percent for heating
tank water to within said temperature range when
withdrawal flow rates are less than said normal flow
rates and as having progressively increasing effi-
ciency as withdrawal flow rates increase above said
normal rates towards sald relatively maximum flow
rate.

13. A system according to claim 12, wherein:

said first intake means includes means for inducing a
pressure differential in said intake means relative
to said tank whenever the withdrawal demand on
said outlet means exceeds said normal flow rates;
and

said second intake means includes normally-closed
valve means operable in response to said pressure
differential to provide additional flow of water to
said intake means.

14. ‘A system for supplying water wnthm a desired
temperature range to an installation characterized as
having peak demands for such water at up to a given
maximum rate of flow and normal demands for such
water at normal rates of flow substantially less than said
maximum rate of flow, said system comprising in com-
bination:

a hot water storage tank having a capacity sufficient
to accommodate only relatively short demands for
water within said temperature range at said maxi-
mum rate;

inlet means for supplying replacement water into the
lower region of said tank upon withdrawals there-
from, whereby said tank remains filled with water
at different temperatures, the water in the upper
region of the tank being normally considerably hot-
ter than that in the lower region of the tank;

a conduit system including (1) a regulatable heater
for heating water passing therethrough, (2) a first
water intake means disposed within the lower re-
gion of said tank and (3) a second water intake
means in communication with the upper region of
said tank;

outlet means for withdrawing water from said tank
for delivery to said installation upon demand at
rates up to said maximum rate, said outlet means
being coupled into said conduit system down-
stream of said heater; and

water temperature sensor means in association with
said conduit system for regulating the operation of
said heater in response to changes in temperature
of the water flowing through said conduit system;

said first water intake means including means for ac-
commodating normal rate flow demands upon said
system without substantial pressure drop between
the interior of the tank and the interior of said con-
duit system, and said second water intake means
having a pressure responsive control means opera-
ble to maintain said second water intake means
closed under said normal rate flow conditions and
to open said second water intake means in response
to a flow demand above said normal flow rates.
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