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ABSTRACT OF THE DISCLOSURE 

A hot Water storage and supply system including a 
heater and a control for the heater. The system includes 
a constant recirculation mechanism which is connected to 
a cold water supply and a sampling or bypass conduit con 
nects this recirculating mechanism to the temperature sens 
ing control so that the control is sensitive both to the in 
ternal temperature of the container and anticipates the 
heat demand occasioned by hot water withdrawal. 

This invention relates to storage water heaters, and 
more particularly to an improved steam-heated appliance 
of the general type referred to for example in U.S. Patents 
Nos. 2,879,749 and 3,133,590. 
One object of the present invention is to provide in a 

device as aforesaid improved means whereby the heating 
?uid is utilized more e?’iciently, and whereby hot water of 
prescribed temperature is readily available at all times, 
while erratic demands for hot water are automatically 
and instantaneously met with improved facility. 

Another object of this invention is to provide a heating 
system as aforesaid which will constantly furnish hot 
water at the prescribed temperature. 
Another object is to provide a system as aforesaid 

which will furnish the required hot water at a reduced 
overall operational cost. 
Another object of the invention is to provide an im 

proved temperature change sensing arrangement in devices 
of the above referenced type. 
Another object is to provide in a system as aforesaid 

an improved Water temperature change response mecha 
nisrn. 

Other objects and advantages of the invention will be 
apparent from the detailed description of an exemplary 
embodiment of the invention as illustrated in the accom 
panying drawing wherein: 

FIG. 1 is a side elevational view, partly in section, 
of a typical Water storage heater system embodying the 
‘invention; 

FIG. 2 is a sectional view, on enlarged scale, of one of 
the system control components of the mechanism; and 

FIG. 3 is an enlarged scale sectional view of an im 
proved temperature sensor component of the system. 
The invention may be practiced in combination with a 

storage water tank of any shape or type, having a cold 
water inlet and an outlet for delivery of hot water. Al‘ 
though any suitable type of heat source may be employed, 
as shown herein by way of example a tube bundle type 
heat exchange unit is disposed to extend into the tank and 
is housed by a shroud enclosing the tube bundle except 
at one end thereof. The tube bundle comprises banks of 
return-bent tubes arranged in spaced relation, and water 
?ow pattern control battles are associated with the tube 
shroud to cause incoming water to ?ow in a zig-zag path 
through the housing enclosing the tubes and then out into 
the main storage tank. The bank of tubes is arranged to 
be fed with steam or other hot ?uid, delivered from any 
suitable source as required to maintain the water delivered 
by the system at the prescribed temperature. The device 
may be readily constructed in unit form, fully self-con 
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tained, and requiring minimum ?oor space, and is suitable 
for installation in any out-of-way locations. It is readily 
connected to existing piping systems, and normally draws 
upon the associated steam generating boiler or the like 
in such limited manner as to avoid interference for ex 
ample with constant steam pressures at other associated 
steam operated equipment. Thus, the load on the boiler 
(or other heat source equipment) is leveled out, thereby 
improving its e?‘iciency and life span. 
More speci?cally, as illustrated by way of example in 

the drawing herewith, the water storage tank is illustrated 
generally at It! as being of cylindrical form; but it is to 
be understood that in lieu thereof the tank may be pro’ 
vided of any other shape or form and may stand in any 
other attitude, as preferred. In any case, the tank 10 will 
include a cold water supply conduit connection such as 
may be provided alternatively at 11 or 12 (FIG. 1) as 
may be preferred, and a heated water outlet connection as 
indicated at 14. The heat exchange device is illustrated in 
the drawings herewith as comprising an elongate casing 
or shroud 36 which extends through and is welded at its 
forward end to a throat portion 13 formed in a Wall of 
the tank 10. A tube sheet 20 into which are mounted the 
terminal ends of a bank of return bent tubes 22 is ‘attached 
to the ?anged outer end of the shroud 16. Vertical baf?e 
plates 24 are disposed to alternately occupy upper and 
lower portions of the casing 20, and function simultane 
ously as vertical supports for the tubes 22 and as liquid 
passageway guide devices so as to cause the water circu 
lating through the casing 16 to pursue a zig-zag path 
around the heat exchange tubes as indicated by the direc 
tional arrows in the drawing at H6. 1. The ba?les 24 also 
control the velocity of the circulating water. 
A manifold cover or bonnet as indicated at 26 is ?xed 

to the outer face of the tube sheet 2%} and is provided 
with an internal partition or rib 28, thereby dividing the 
?uid chamber portion thereof into two sections, as shown 
in the drawing. Thus, it will be appreciated that the tubes 
22 may be initially assembled upon the tube sheet 20, and 
that this subassembly may then be slip-?tted into the 
shroud 16, and the tube sheet and bonnet assembly may 
then be ?xed in place to complete the mounting of the 
heat exchange unit in the tank. 
Steam inlet and outlet connections are made to the 

bonnet 26 as shown at 29, 30, respectively; the steam inlet 
being controlled by a valve as indicated at 32, and a steam 
trap being employed as shown at 34. Thus, it will be ap 
preciated that upon withdrawal of heated water through 
outlet 14 from the interior of the tank 10, it will be re 
placed by cold water ?owing through the conduit connec 
tions 11 or 12. 

Adjacent its forward end the shroud 16 is provided 
with a water inlet 36 which connects into a water circulat~ 
ing system comprising a conduit 38, pump 40, and a con 
duit 42 leading to a connection 44 into the bottom level 
of the tank 10 adjacent its front end. The pump operates 
to maintain a circulation of water from the bottom level 
of the tank and upwardly into the front end of the shroud; 
thence through the heat-exchange tube bundle and out 
at the open inner end of the shroud, into the body of the 
tank again. This uniformly maintains the storage water in 
the tank at any prescribed temperature, as regulated by 
adjustment of the steam ?ow control valve 32. 
A by-pass conduit as indicated at 46 interconnects the 

water circulating conduit 38 with the interior of a housing 
50 which encloses a temperature sensing “bulb” as indi 
cated at 55 (FIG. 3). The housing and sensor device is 
disposed to extend into the main body portion of the 
water supply within the tank 10; the housing 50 being 
mounted on the tank for this purpose by means of a ?ange 
56. A-pertures as shown at 58 are drilled through the main 
wall of the housing 50 to assist in the sensing operation, 
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as will be explained more fully hereinafter. A manually 
adjustable ?ow regulator device as indicated generally at 
6i) (H63. 1, 2) is mounted in the line of the conduit 46, 
and is arranged to automatically open only whenever the 
withdrawal of heated water from the outlet 14 is at a pre 
determined “excessive” rate. The output signal carrying 
(or capillary tube) device 62 of the sensor bulb 55 is ar 
ranged to extend through a screw-threaded packing gland 
64 carried by the housing 51}, and connects at its other 
end to the steam regulator valve 32. 
More speci?cally, as shown in FTG. 2, the control valve 

6%, comprises a main housing 70 having a partition 72 
which is apertured to provide a seat for a poppet type 
valve 74 carried by a stem 76 which presses at its free 
end against a ?exible water-tight diaphragm 73 which is 
positionally responsive to ?uctuations of pressure in the 
conduit leading from the regulator to sensor housing 50. 
The valve head 74 is backed up by a compression spring 
80, and the diaphragm 78 is reverse-biased by means of 
a spring 82, the eifective force of which is manually ad 
justable by means of a hand screw 84 carried by the 
valve bonnet 86. Hence, the valve '74 is “pre-loaded” in 
both directions thereby establishing a “threshold” resist 
ance to opening, which will be overcome only by “exces 
sive rate” water withdrawals. 
The control components of the system are so provided 

and adjusted that when the rate of withdrawal of heated 
water from the outlet 14 is “normal” or relatively slow, 
the pressure differential between the interior of the tank 
and the interior of the tube shroud 16 (and therefore at I 
opposite sides of the valve 60) is insu?icient to cause the 
regulator valve device to open. Thus, under normal or 
slow draw conditions, the valve remains closed, and cold 
water simply replaces the drawn-cit heated water by ?ow 
ing through the shroud 16 and then into the body of the 
tank. Here it gradually mixes with and lowers the tem 
perature of the water within the tank in the area of the 
bulb 55. The bulb 55, through the connection 62 then 
operates the control valve 32 so as to adjust the steam 
?ow rate accordingly, thereby substantially maintaining 
the temperature of the main body of Water within the tank 
uniformly within the prescribed range of temperature 
therefore. 

However, whenever large quantities of hot water are 
rapidly withdrawn from the tank outlet 14, the baf?ing 
devices within the shroud 16 operate to retard the rate 
of responsive replacement ?ow of water through the 
shroud from the cold water inlet. Hence, a substantial hy 
drostatic pressure differential is immediately established 
between the interior of the tank 19 and the inlet end por 
tion of the shroud 16 which is re?ected by a similar dif 
ferential at opposite sides of the regulator 6i}. This func 
tions to unseat the valve member 74, whereupon cold re 
placement water immediately starts to ?ow from the cold 
water pump line directly through the conduit 46, and 
thence into the housing enclosing the sensor bulb 55. The 
advent of cold supply water directly into the casing sur 
rounding the sensing bulb 55 immediately causes the latter 
to call upon the steam control valve 32 for a correspond 
ingly increased ?ow of heating ?uid. However, as soon as 
the heavy withdrawal ceases and the temperature of the 
water generally throughout the tank It) recovers to the 
prescribed level and permeates the interior of the bulb 
housing, the bulb 55 will react to set back the steam con 
trol valve 32 accordingly. The apertures 58 through the 
bulb housing assist in this respect. 

Hence, the system of the present invention does not 
wait upon a general mixing of cold inlet water into the 
relatively large volume of water occupying the main body 
of the tank, and upon a consequent gradual-lowering of 
the temperature thereof in the neighborhood of the sens 
ing bulb, as in the case of conventional heating arrange 
ments. Instead, in the case of the present invention any 
heavy withdrawal is immediately signaled to the regulator 
6% which thereupon admits a supply of cold water direct 
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ly to the sensing bulb. This in turn responds instantly to 
call upon the heating supply for a commensurate in 
creased ?ow of heating ?uid. Hence, in the same system, 
slow or “normal” withdrawals are matched by slow and 
correspondingly economical heat additions; while heavy 
withdrawals are matched by rapid and commensurate 
heat additions. 

Note, that as best shown in FIG. 3 of the drawing here 
with, the sensor shroud device 50 includes a tubular shell 
52 which terminates short of the inner end of the bulb 55 
(thereby permitting that portion of the bulb to gain free 
heat—exchange access to the main body of Water in the 
container) while being dimensioned so as to closely hug 
the main portion of the sensor bulb. The cold’ water en 
tering the shroud from the by-pass conduit 46 is thereby 
closely con?ned in heat-exchange relation with the sensor 
bulb and thus it will be appreciated that the control system 
of the invention provides improved results because of the 
close enclosure of the bulb 55 by the shell of the housing 
50 which operates to render the bulb particularly sensitive 
to inlet of cold water discharging through the conduit 46. 
Also, the pre-loaded regulator valve device 60 in the cold 
water by-pass line 46 operates to provide an improved 
automatic control technique, because it avoids oversensi 
tive responses to slow draw-cits and/ or other erratic func- ‘ 
tioning such as would result in sporadic overheating and 
generally ine?icient operations. 
Note particularly that the operative response of the 

control valve 60 is readily regulatable by simple manual 
adjustments of the spring force control screw 84. Hence, 
the system is easily and quickly adjustable to temperature 
range requirements and/ or load demands. Note also that 
the control valve 60 is located in the lowermost level of 
the by-pass conduit system, thereby avoiding the possi 
bility of any undesirable convection responsive “hot spot” 
formations in the line, such as would result in erratic 
and/ or incorrect heat source control effects. 
Whereas only one form of the invention has been illus 

trated and described in detail hereinabove, it will be un 
derstood that various changes may be made therein with 
out departing from the spirit of the invention or the scope 
of the following claim. 
We claim :' ‘ 
1. A water heating and storage system comprising, in 

combination, 
a container having a cold water inlet and a hot water 

outlet at spaced positions relative to each other, 
temperature sensor means within said container dis 

posed generally between said cold water inlet and said 
hot water outlet, 

a water heater including an elongate housing extending 
into said container and having heating means and 
ba?ie means therein, 1 

means for constantly recirculating water within said 
container through said elongate housing and includ 
ing a pump having an inlet connected both to the in 
terior of said container and to cold water supply 
means, said pump also having an outlet, 

a bypass conduit connected to said outlet of the pump 
and discharging to said temperature sensor means, 

and a valve in said bypass conduit for passing water 
therethrough only in response to withdrawal of hot 
water from said hot water outlet. 

References €ited 

UNITED STATES PATENTS 

1,294,376 2/1919 Backstrom _________ __ 236——23 

1,485,897 3/1924 West et al __________ __ 236-19 
2,440,052 4/1948 Lingen et al. ________ __ 236-9 
2,596,812 5/1952 Carson ____________ __ 236—18 

2,852,196 9/1958 Spence ____________ __ 236—23 
2,879,749 3/1959 Lewy _____________ __ 122—-32 
3,133,590 5/1964 Lowe ___________ __ 236—18 X 

ED‘NARD 5. MICHAEL, Primary Examiner. 


