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This invention particularly refers to an im-
proved method and means of obtaining heated
water by circulating one or more confined
streams of water from one portion to another
(preferably remote) portion of a main body
thereof and heating said stream or streams dur-
ing said circulation. The improvement resides
in the method and means provided for both cir-
culating and heating said stream or streams.
This is accomplished by directly commingling
steam with the confined stream or streams of
water whereby the steam is substantially con-
densed, the resulting condensate commingled
with the colder water of said stream to heat the
same and circulation of said stream effected by
the action of the steam without the use of a
water circulating pump or the like.

The broad concept of the invention above cut-

lined is a novel and advantageous departure from
conventional practice and may be utilized either
alone or in conjunction with other advantageous
features herein provided. ’
" Since the invention may employ exhaust or low
pressure steam for heating and circulation of
the. water, it is particularly advantageous and
well adapted to use in laundries, dairies and
similar industrial establishments where a large
and continuous supply of hot water is needed
and where there is an adequate supply of exhaust
or low pressure steam which would otherwise be
wasted.

In the preferred embodiment of the invention,
a relatively large body of water undergoing heat-
ing is maintained in a storage tank or reservoir
and by the circulation of one-or more confined
streams of water in the manner above outlined,
from the lower to the upper portion of said hody,
without excessive turbulence in the latter, the
hottest water tends to stratify in the upper por-
tion of said body, hot water being withdrawn
for use preferably from the relatively hot upper
stratum and cold or preheated make-up water
being introduced into a cooler lower stratum so
that only spbstantially the coldest water in the
storage reservoir comes in contact with the
steam and, upon being heated by the steam, is
introduced into a relatively hot upper stratum.
This avoids the necessity of heating subkstan-
tially the entire large body of water to a high
temperature before water can be withdrawn
therefrom for use at the desired temperature and
also insures efficient use of the steam. By this
method of operation hot water is available from
the upper portion of the storage reservoir almost
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immediately after steam is introduced into the 55

system and circulation started. Also, a high de-~
gree of heating efficiency may be maintained
from the moment steam is supplied to the system
and the heating operation started until substan-
tially the eatire body of water in the storage
reservoir has reached the desired temperature:
As heating and circulation progresses substan-
tially the coldest water in the storage reservoir
passes into contact with the steam .and the
greatest possible heating efficiency is thereby
maintained. Furthermore, by introducing the
steam into direct and intimate contact with g

-relatively high column of circulating water, sub-

stantially complete condensation of the steam
is insured until practically the entire body of
water in the storage reservoir, and particularly
the upper portion of said bedy from which hot
water is withdrawn for use, closely approaches
its vaporization point.

The invention also.provides, in its preferred
embodiment, for maintaining a substantially
constant liguid level in the storage reservoir.
By so doing and by introducing relatively cool
make-up water from an exfernal source into the
lower portion of the body of water' as heated
water is withdrawn from the upper portion
thereof, good heating efficiency is maintained
even after the water in the relatively hot upper
stratum of said body closely approaches its va~
porization point, so long as heated water is being
withdrawn therefrom for use.

" The invention provides several specific alter-
native methods and means of introducing steam
into the system and effecting heating and circu-
lation of the water in the storage reservoir.
These alternative methods are not fully equiva=
lent, but in each case the steam employed for
effecting circulation is directly and intimately
contacted with a confined stream of water which
circulates from one portion to another portion of
the storage reservoir. :

The invention makes use of several well known
phenomena in order to accomplish heating and
circulation of the confined stream of water with-

} out the use of a water circulating pump or the

like. ‘These prenomena include the well known
gas-lift principle and, in some cases, the princi-
ple of the jet ejector. The principle of ther-
mally induced or thermo-siphon circulation is
also involved. Although steam is not a fixed gas,
when it is introduced info the confined column
of water in the form of a submerged jet, as pro-
vided in one concept of the invention, it func-
tions as a gas until it is substantially condensed,
thereby reducing the weight of the confined col~
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umn of water and inducing its flow upwardly
through the column. The jet action of the
steam also assists circulation of the water and
its circulation is further assisted by the heating
effect of the steam and water condensed there-
from, the heating serving to expand the water in
the column and reduce its weight per unit height,
thereby inducing thermal circulation.

Some of the many possible specific forms of
apparatus, capable of accomplishing the desired
results in accordance with the provisions of the
invention, are illustrated in the accompanying
diagrammatic drawing and several of the vari-
ous specific modes of operation contemplated by
the invention are more fully described in con-
junction with the following description .of the
drawings.

Figure 1 of the drawings in an elevational view
of a hot water storage tank or reservoir equipped
with a side-arm type of circulating and heating
column, wherein steam is utilized fo effect said
circulation and heating, and equipped with auto-
matic control means. )

Figure 2 illustrates one of the many possible
modifications of the side-arm type of circulating
and heating column shown in Figure 1.

Figure 3 illustrates another modification of the
side-arm type of circulating and heating column
shown in Figure 1.

Figure 4 is an elevational view, partly in cross-
section, of a hot water storage reservoir equipped
with an internal type of heating and circulating
column, to which steam is supplied for circulat-
ing and heating the water, and also equipped with
means for preheating the water supplied to the
storage reservoir and automatic centrol equip-
ment.

Figure 5 is an enlarged detail, partly in sec-
tion, of one specific form. of ‘preheating equip-
ment, such as shown in Figure 4.

Referring now to Figure 1, a hot water storage
tank or reservoir is indicated at I and contains
a substantial body of water, the upper level of
which is indicated at 2. Line 3 and valve § are
provided for introducing water from any desired
external source into the lower portion of tank
I, while line § and valve § permit the removal
of heated water from its upper stratum in the
tank to be used in any desired manner. ‘The
water supplied to the storage tank through line
3 and valve 4 may be from the .city main or
from any conventional water :supply equipment
and preferably the storage reservoir is so situ-
ated that the heated water may flow through line
5 and valve 6 by gravity to the equipment in
which it is used.

An elongated conduit 7, ef small cross-sec-
tional area relative to that of the storage res-
ervoir, is connected as a side-arm to the storage
tank in such a manner that it communicates at
its lower end with the lower portion of the body
of water in the storage tank and, at its upper
end, with the upper portion of the space within
the storage reservoir either at, above or beneath
the liguid level maintained in this zone.

The type of side-arm column illustrated in
Figure 1 provides no substantial restriction to
the flow of water therethrough and the water
entering the lower portion of conduit 7 from the
lower portion of the body of water in the storage
reservoir comes into direct and intimate contact
with steam intreduced into this conduit through
line 8 and valve 9. The pressure of the steam
thus introduced need be only sufficient to over-
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sufficient steam is not available to cvercome the
pressure of the entire height of this column, it
may be introduced at a suitable intermediate
point therein.

The steam introduced into column 71 is sub-
stantially entirely condensed by contact with the
relatively cold water and the condensing steam
and resulting condensate not only serve to heat
the stream of water passing through column 1T,
but also serve to effect its circulation from the
lower to the upper portion of the storage tank.

In the device illustrated in Figure 1, circu-
lation through column 7 results, in part, from
the gas-lift action of the steam introduced there-
to and, in part, from a thermo-siphon induced
by the heating action of the steam. It is also
assisted by the impelling action or force of the
steam which is directed upwardly into the col-
umn.

Preferably, the quantity of steam supplied to
column 7 is regulated to insure positive and sub-
stantially continuous -circulation without allow-
ing the escape of any appreciable quantity of
uncondensed steam from the upper portion of the
column. '

Despite the positive and relatively rapid cir-
culation of water through column 7, in the man-
ner above described, the large body of water in
the storage reservoir will remain in relatively
quiescent state, as compared to the turbulence
which would result from the introduction of open
steam into the main body of water in the storage
reservoir, and the heated water issuing from the
upper portion of column 7 thereby tends to
stratify in the upper portion of the storage tank.
Relatively hot water may thus be withdrawn for
use from this relatively hot upper stratum as
it accumulates therein without waiting for a
large portion of the body of water in the storage
reserveir to reach the desired temperature. How-
ever, heating and circulation may be continued
by the continuous introduction of steam until the
temperature of substantially the entire body of
water approaches its vaporization point. By con-
tinuously or intermittently introducing relative-
ly cold make-up water into the lower portion of
the storage tank, as heated water is withdrawn
from the upper portion thereof, a stratum of rel-
atively cold water is maintained in the lower
portion of the storage tank and only water from
this relatively cold lower stratum passes into
column T to contact the steam. In this manner
good heating efficiency is maintained as long as
hot water is being withdrawn from the storage
reservoir and relatively cool make-up water sup-
plied thereto.

Although the introduction of steam and make-
up water into the system may be manually con-
trolled, the ease with which the system may be
rendered fully or partially automatic by the ap-
plication of relatively simple control means is an
advantageous feature of the invention and makes
such automatic control desirable in most cases.

A liquid level controller {0, of any .desired well
known form, communicating through line 10’
with valve 4 in the inlet water line 3 and ac-
tuating the value, may be utilized for controlling
the admission of make-up water into the storage
tank in response to variations in the liquid level,
so that a substantially constant liquid level is au-
tomatically maintained in the storage reservoir.

The admission of steam through line 8 and
valve § into column T is automatically controlled,
in the case here illustrated, by an electrical or
air-operated controller 12 which communicates
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through line 12’ with value 9 to open and close or
regulate the opening therethrough in response to
impulses transmitted to the controller from a
suitable temperature-sensitive device, such as
‘thermostat i1, which may be located at any de-
sired point in the body of water in the storage
reservoir and communicating through line ti’
with confroller 12. In the particular case here
illustrated, thermostat {1 is located adjacent the
bottom of the storage tank and, through con-
troller 12, functions to close valve 9.in steam line
8 when the water at this point has reached the
desired temperature and the storage reservoir is
substantially filled with hot water. :

Figure 2 illustrates the lower portion of a side-
arm type of circulating and heating column sim-
ilar to that of column T in Figure 1, except that
the nozzle {8 which, in Figure 2, comprises the
discharge end of steam line 8, discharges a sub-
merged jet of steam through restricted throat {6
in the vertical portion of the tubular column T’.
The restricted throat 18 forms a portion of mem-
ber 15 in tube 7’ which is flared upwardly and
outwardly at 171 to substantially the walls of tube
7’. The ejector action of the jet discharging
through member 5 augments the gas-lift action
of the steam and accelerates the flow of the con-
fined stream of water through the circulating
device. .

The device illustrated in Figure 2 may be con-
nected to the storage reservoir in the same man-
ner as column 7 of Figure 1. -

When desired, a steam jet ejector similar to
that of Fisure 2 may be disposed adjacent the
upper end or at an intermediate point in the
circulating column either substantially at, be-
neath or slightly above the liquid level in the
storage reservoir. This is exemplified in Figure
3 which illustrates the upper portion of a side-
arm type of circulating column T’* similar to col-
umn 71 of Figure 1 but having the ejector ele-
ments of Figure 2 disposed adjacent the upper
portion of the column with the restricted throat
{6 of member 15 either at or slightly above or
beneath the level of the body of water maintained
in the storage reservoir.

In the device illustrated in Figure 3, steam is
supplied thereto through line &', valve 9’ and
nozzle 18’. The ejector action of the steam jet
induces a decreased pressure in that portion of
the circulating column beneath member 15 where-
by water is drawn from the lower portion of the
storage reservoir through the restricted throat 16
into the steam jet with which it is carried into
the upper portion of the storage tank and heat-
ed by the steam which it serves to substantially
condense.

With the device. of Figure 3 the gas-lift action
of the steam is less pronounced and the ejector
action of the steam jet more pronounced as com-
pared with the device of Figure 2. Also, with the
device of Figure 3, the temperature of the cir-
culated water issuing therefrom may be made
to more closely approach the temperature of the
steam at the expense of a somewhat decreased
heating efficiency (i. e., less complete conden-
sation of the steam). The device of Figure 3
may therefore be employed in preference to the
submerged steam jet of Figures 1 and 2, or, when
desired, in conjunction with the use of a sub-
merged jet, when it is desired to obtain hot wa-
ter at a temperature close to its vaporization
point. i

When desired, a jet ejector similar to that of
Figure 3 may be disposed in the horizontal upper
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section of the circulating column instead of in
the vertical section thereof.

Referring now to Figure 4, water from an ex-
ternal source is supplied to storage tank 41
through line 42, valve 43, preheater 44 and line
45 and preferably entfers the lower or mid-por-
tion of the storage tank wherein it is allowed to
accumulate until the desired liquid level indicat-
ed, for example, at 46 is reached.

In this particular case, liquid level controller
47 of any desired form is operatively connected
through line 47’ to valve 43 in line 42, to regulate
the admission of water to the system and main-
tain the desired liquid level. Controller 47 is also
operatively connected by means of line 47" to
valve 49 in line 48 through which steam is ad-
mitted to preheater 44, so that when the supply
of make-up water to the storage tank is discon-
tinued, the supply of steam to preheater 44 is also
discontinued. ‘

Preheater 44 comprises a condenser of any suit-
able form wherein steam is contacted with the
make-up water supplied to the system, the steam
being condensed and serving to preheat the
make-up water prior to its introduction into -the
storage tank. One specific form of such preheat-
ing condenser is illustrated in greater detail in
Figure 5 and will be later described.

In the particular case illustrated in Figure 4,
the circulating device employed comprises a rela-
tively large circulating column or tubular ele-
ment 50 having a restricted throat 5i disposed
adjacent the-lower end of the column and flared
outwardly in both directions from the restricted
portion 5{. Column 58 is open at the top and
bottom in free communication with the body cf
water in the storage tank and a plurality of steam
jets 52, communicating with a header or mani-
fold 53, direct steam supplied to header §3 |
through line 54 and valve 55 upwardly into the
lower portion of column 59 to induce the circula-
tion of water from a relatively cold stratum in
the lower portion of the storage reservoir up-
wardly through the column into a relatively hot
stratum in the upper portion of the storage
reservoir. ,

Circulation of water through column 59 is pref-
erably started by the introduction of  steam
through line 54 and valve 55 as soon as a suffi-
cient quantity of preheated water has been sup-
plied to tank 4{, in the manner above deseribed,
to bring the water level in the storage tank and in
column ! to a point where circulation through
the latter can be established. This circulation
through column 58 may be continued until sub-
stantially the entire body of water in the storage
reservoir has reached the desired temperature,
whereupon the supply of steam through line 54
and valve 55 may be discontinued and circula-
tion through column 58 stopped by closing valve
55, This may be accomplished automatically,
when desired, by providing a motor-operated or
pressure-operated valve at 85 which is responsive,

- through any suitable type of comtroller, illus-

trated at 59, to a predetermined temperature at
a suitable point in the body of water in the stor-
age reservoir, at which selected point any desirad
form of temperature-sensitive element, such as
thermostat 56, is provided. This temperature
responsive element 58 is operatively connected to
the controller by line 36’ and transmits an im-
pulse t0 the controller whereby the Iatter is
caused to actuate valve 55 to which it is oper-
atively connected by means of line 58’.
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" Although the heated water may be withdrawn
from the storage reservoir at any desired point
or plurality of peints therein, preferably, as in
the other cases herein illustrated, it is removed
from a relatively hot upper stratum, line §7 and
valve 58 being provided, in the case here illus-
trated, for this purpose.

Column 5% and the steam injecting means illus-
trated in Figure 4 functicn in much the same
manner as the side-arm type of column illus-
trated. in Figures 1 and 2, except that, with the
device of Figure 4, the same amount of steam
may be intreduced in the form of a plurality of
smaller streams or a larger column may be em-
pioyed and a greater amount of steam introduced,
by the use of a plurality of steam jets, to circu-
late a greater volume of water in a given time.
A circulating device, such as illustrated in Figure
4, may therefore be utilized when a quantity of
watler to be heated in a given time is too large to
ke efficiently handled by a single relatively small
circulating column and, conversely, a plurality
of relatively smsll columns may be employed
in the place of the type illustrateq in Figure 4,
when desired.

Referring now to Figure 5 which, as previously
mentioned, illustrates one specific form of con-
denser-preheater which may be employed, for
example, in the mannsr ilustrated in Figure 4;
relatively cold water from an external scurce is
admitied to this device through line 42, entering
a spray head or chamber 68 from which it passes,
in part, through a plurality of spray nozzles 6i
into the condensing chamber 62 and, in part,
through a plurality of downwardiy directed jets
€3 into the tail pipe §4 which has a restricted
throat 65 and forms the upper portion of the
line 45, through which the preheated water and
condensed steam is supplied to the storage
reservoir.

Steam enters the condensing chamber 62 of
preheater 44 through line 48 and is preferably
supplied tangentially to the condensing chamber.
The water sprays from nozzles 6! serve to con-
dense at least a portion of the steam thus ad-
mitted to the condensing chamber. Any remain-
ing uncondensed steam, as well as the condensate
and condensing water, is drawn into the line
45 with the assistance of the downwardily directed
water jets from 63.

Due to the condensation of steam in chamber
62 and the action of the downwardly directed
water jets, a slight sub-atmospheric pressure will
normally prevail in this zone and, in order that
the preheated water and condensed steam may
flow freely into the storage reservoir, the line 45
is- of sufiicient length that, when the storage
reservoir is filled to the desired level, the column
of water in leg 45 will extend only to or beneath
the restricted throat 65 of tail pipe 64. In other
words, the normal height of the column of water
in leg 43 is sufficiently greater than that of the
body of water in the storage reservoir to com-
pensate for the slight sub-atmospheric pressure
in chamber 82,

We claim:

1. A method of obtaining a continuous supply
of hot water which comprises, maintaining a body
of water in a confined zone, circulating a confined
stream of water from the lower to the upper por-
tion of said body, supplying steam to said con-
fined stream in such a manner as to effect said
circulation, heat said stream and substantially
completely condense the steam, supplying result-
ing heated water and condensed steam to the
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upper portion of said body and causing -t to
stratify above the cooler water thereof during the
initial stages of the operation, removing hot water
from the upper portion of said body and main-
taining a predetermined level of water in said
confined zone by supplying relatively cool make-
‘up water to the lower portion of said body to re-
place heated water withdrawn therefrom. k
2. The method defined in claim 1, wherein sub-
stantially complete condensation of the steam is
assisted and its waste obviated by controlling its
introduction into said-confined stream in response
to variations in the temperature of the water in
that zone of the 'main body thereof wherefrom
water is supplied to the confined stream, the in-
troduction of steam being diminished as the tem-~
perature increases and discontinued as the tem-
perature approaches the boiling point of water.

3. A water heating apparatus comprising, in
combination, a storage tank, an elongated up-
wardly extending -duct disposed outside the stor-
age tank, said duct communicating at its lower
end with the lower portion of the main body of
water in the storage tank and communicating at
its upper end with the upper portion of said ‘body,
a steam conduit disposed to introduce steam into
direct contact with water transmitted to the duct
from the lower pertion of said body whereby to
propel a stream of water upward through said
duct from the lower to the upper portion of said
body and substantially completely condense the
steamn, a conduit communicating with the uppar
portion of said body of water in the storage tank
for removing heated water therefrom and & con-
duit communicating with the lower portion of said
body of water in the storage tank for introducing
relatively cool make-up water thereto.

4. A water heating apparatus comprising, in
combination, a storage tank, an elongated up-
wardly extending duct disposed outside the stor-
age tank and communicating at its lower end with
the body of water in the storage tank, a steam
conduit disposed to introduce steam into direct
contact with a flowing stream of water passing
upwardly through said duct from the lower to
the upper portion of said body whereby to heat
said stream, propel it upward and substantially
completely condense the steam, said duct termi-
nating in an open upper end so disposed in rela-
tion to the body of water in the storage tank that
heated water and condensed steam issuing from
said duct will stratify above the cooler portion of
said body, a conduit for removing heated water
from the upper portion of the storage tank and a
conduit for introducing relatively cool make-up
-‘water into the lower portion of the storage tank,
as heated water is withdrawn therefrom, to main-
tain a predetermined relatively high level of
water in the storage tank.

5. The apparatus defined in claim 4, wherein
said steam conduit terminates in an open outlet
end disposed within said duct at a point substan-
tially beneath the level of water in the storage
tank.

6. The apparatus defined in claim 4, wherein
said duct is provided with a restricted throat and
wherein said steam conduit terminates in an open
outlet end adjacent said restricted throat, the
throat and steam conduit comprising a steam im-
peller for inducing the circuiation of water up-
wardly through the duct. )

7. The method of obtaining a continuous sup-
ply of hot water, which comprises maintaining g
body of water in a confined zone, circulating a
confined stream of water from the lower to the
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upper portion of said body, supplying steam up-
wardly into said confined stream, thereby effect-
ing heating and circulation of the water and sub-
stantially completely condensing the steam, sup-
plying the resulting heated water and condensed
steam to the upper portion of said body and, dur-
ing the initial stages of the operation causing it

to stratify above the cooler water thereof, re-
moving hot water from the upper portion of said
body and introducing relatively cool make-up
water into the lower portion of said body.

JACQUE C. MORRELL,
CHARLES H. ANGELL.




