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This invention relates to a heat exchange system, and
more particularly pertains to a method and system for
heating and circulating a liquid. The system is particu-
larly well adapted for and therefore will be described
with reference to a self-contained heating or cooling sys-
tem or a combination thereof.

Circulation in heating system for liquids generally
depend either on a weight difference due to the expan-
sion of the liquid in one part of the system and the
centraction of -the liquid vupon passage through the heat
exchangers causing the return of the contracted heavier
liguid by gravity, or on a pumping system that may be
either mechanical or pneumatic. Both the gravitational
and pumping systems require either large storage units
or circulating accessories. All gravitational systems re-
quire both the discharge and return cpenings in the
heating vessels to be submerged at all times. If the
heating vessel is not open to the atmosphere, both the
gravitational and pumping systems usually require
the entire system to be completely filled with liquid,
when the system is cold. In these latter systems, the
liquid content of the heating vessel is not diminished
during operation. In other systems, when the heating
vessel is closed and subject to vapor pressure, the piping
and heat exchangers may. be empty when the system is
cold and subsequently filled with liquid discharged from
the heating vessel. Such systems require the complete
submergence of the liquid of the heating vessel of both
the discharge and return openings since otherwise vapor
under pressure would enter the external part of the SYs-
tem and prevent gravitational circulation. When gravi-
tational systems are operated without being subject to
vapor pressure, the entire system external to the heating
vessel must lie below the waterline in said vessel, there-
fore the eutire system is filled with liquid. All the
above systems require a change of heat in a large volume
of liquid—obviously an expensive process.

In some other systems, circulation is sustained by
bubble action within confined portions of the system.
These bubbles are introduced either from external mech-
anisms, or are generated within the confined portions by
the application of heat. The external source of bubbles
obviously requires compressors or other pneumatic equip-
ment. The heat generation of bubbles in the liquid
within the confined portions of the system requires parts
that will conirol the action of the bubbles. as prime
movers of a liguid mass. This includess systems that
operate on the generation and growth of bubbles in one
part of the heating vessel and the subsequent diminu-
tion of the bubbles in another portion of the heating
vessel. :

It is an object of the present invention to provide a
heat exchange system of the character described which
avoids the foregoing defects.

1t is another object of my invention to provide a heat
exchange system of the character described in which cir-

culation is positive, i. e. not dependent in its entirety
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upon gravity but in which no external pumping mecha-
nism is included,

It is another object of my invention to provide a
heat exchange system of the character described having
an internal pumping mechanism which includes no mov-
ing mechanical parts.

It is another object of my invention to provide a
heat exchange system of the character described which
is more efficient in the use of heat than present-day
systems of a similar nature.

It is another object of my invention to provide a
heat exchange system of the character described in which
the heating vessel is full when the system is cold and
which is but partially full during operation so that less
heat is needed to maintain the liquid in the heating ves-
sel-at an elevated temperature.

More specifically, it is an object of my invention to
provide a heat exchange system of the character de-
scribed in which only a minimum volume of heat ex-
change liquid is heated.

The present invention operates by the vapor pressure

* generated over a liquid which is initially contained wholly

or substantially wholly in a heating vessel, all other
parts of the system preferably being empty when cold.
The opsration does not depend on the rate, size, or
frequency with which bubbles may be formed in the
liguid in the heating vessel either as prime movers or
in connection with the generation of Vapor pressure over
the liquid in the heating vessel. The vapor pressure
forces a definite part of the liquid contents of the heat-
ing vessel through a connecting passageway into a dis-
tributing vessel, and ‘through a distribution passageway
into an external system consisting of piping and one or
more heat exchangers. The liquid level in the heating
vessel ultimately is lowered by this discharge to the
bottom of the connecting passageway which connects the
heating vessel with the distributing vessel ‘and this proxi-
mate level is maintained as long as the system is in
operation. At this proximate level the vapor under
pressure which thereafter is generated in the heating
vessel intermittently escapes from the heating vessel
through the connecting passageway into the distributing
vessel—discharging the liquid above it in the connecting
passageway into the distributing vessel—and thereby
forcing, i. e. pumping, liquid from the distributing vessel
into the external system. The reduction in Vapor pres-
sure within the heating vessel due to the intermittent
escape through the connecting passageway sets up a re-
turn flow from the external system to the heating vessel
thus restoring the original proximate level. The con-
nection between the heating vessel and the distributing
vessel may be one or more tubes or annular spaces of
length and section hereinafter described,

Thus the present inventicn obviates the necessity of
external pumping mechanisms, of completely filling the
entire system with liquid when the system is cold, of
heating a maximum volume of liguid, of locating the
external portion of the system below the water line in
the heating vessel, of complete submergence of the dis-
charge opening, of maintaining critical water temper-
atures in the heating vessel, of employing accessories or
parts therein to control the action of generated or intro-
duced bubbles, and of maintaining and heating a com-
pletely liquid filied heating vessel,

Other objects of my invention will in part be obvious
and in part will be pointed out hereinafter.

My invention accordingly consists in the features of
construction, combinations of elements and arrangements
of parts which will be exemplified in the systems here-
inafter described and of which the scope of application
will be indjcated in the appended claims,
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In thé accompanying drawmg, in which are shown
various possible emvodiments of my aivéintion,
Fig. 1 is a diagrammatic Vertical secticnal view of a

heat exchange system constructed in accordance with my
invéntion; .
Fig. 2 is a view similar to Fig. 1 of a heat exchange

system embodymo 4 mcdified form of my inveation;

Fig. 3 is a view similar to Fig. T of 4 hedt exchange
systém embodying anciher modified form of my inven-
tion; )

Fig. 4 is a view sirilar to Fig. 1 of 4 heet exchange sys-
tem embodying still anothér modified form of my inven-
tion; and _

Fig. 5 is a plan view of the héat exchanger shown in
le_ 4, : .

In general the present invention cofisists of a heat ex-
change system c¢ontaiding (wo sedtions, 16 Wit (¢) a com-
bination. heating and circulating uiit, heréinafter referred
to as the “genératiig” part of theé system; and (b) piping
and: heat-exchangers, hereindffer ieférfed to as the “ex-
ternal” part of the system. ’*he‘ génerating part of the
system includes two interconnecied closed vessels, to wit,
a heating véssel and & a‘is‘nbutmg vessél. An opering
located within the distributing vessel is af or above the
top of the heatim vessel and is ¢omniected by a passage-
way tc a lower horizontzl openidg Iscated within the
heating vessegh Smd upper and lower openings are re-
spectively ‘spaced vertically from the top of the disiribut-
ing vessel.and the top of the heating vessel. Direct com-
munication between the two vessels preferably 1s through
this passageway only. At or near the bottom of the dis-
tributing vessel is a horizontal opening through which
the- distributirig vessel is connected to the external piping
and heat-exchanger . inlets. The upper ogening i the
Connecting passageway is above the latter opening. = At or
pear the bottom surface of the heating vessel is an open-
ing that comneacts the heating vessel to the retora from the
heat exchangers, The lower opening in the connsc ting
passageway is above this reiurn opesing.  The heafing
and distributing: vessels. may be separate or contiguous,
and the distributing vesssl should have at least a portion
above the tog of the heating vessel. Associated with the
hieating - vessel is an _/ means for heating the i uid in
that vesszl. i

Referring now in detail to the drawings, and more
particularly to Fig. 1, the reference numeral 16 denotes
a heat exchange system einbodying the present invention.
Said system comprises a heating vessel %2 constituting a
tank of any suitable sth “j‘ size.  Conveniently the
heating vesscl may coripri cylindrical boilér shell
closed at both eads and having ts cyiindrical axis verti-
cally disposed.

Located partly above. and partly within the heating
vessel 12 is a distributing vessel 14, The hes thg vessel
has a filling tube 16 consisting of a pipe whes “‘per end
is closed by a piug 8. The Dotterii of the ﬁii ng tube is
connected to the top of the heating vessel in ofder to
enable the heafing vessel to be completely filled when
the system is cold.

A passageway, such fo xample as a iube Zﬁ con-
nects the heating vessel and the distributing vessel. - Al-
though this passageway is illistrated as a tube it will be
understood the same may be in the form of af aniular
space wholly or partly circumscribing the vessels.
passageway terminates at its lower inlet end in a herizontal
epening 22 which for reasons that later will be peinted out
preferabiy has a flared, i. e. bell, shape. The upper, 1. e:
discharge, end of the passageway is deroted by the ref-
ererice numeral 24, Pursuant to my invention the dis-
charge must be located above the inlet opening and abeve
the bottom of the distributing vessel. and above the fop
of the heating vessel, and the inlet opening must be below
the top of the heating vessel.

- A passageway, such for example, as a pipe 26, funs
from the distributing vessel to the external part of the
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system which consists of piping 28, one or more heat ex-
changers 30, af eéxpansion fadk 32 and a réturn pipe 34.
If desired, the heat exchanger 30 may include several
pipes 36 in parallel and to this end I may include an inlet
manifold 38 and an outlet manifold 48. it will be ob-
served that the inlet manifold in this embodiment of my
invention is below the outlet manifcld. The expansion
tank 32 is connected to the higher of the two manifolds,
to wit, the outlet manifold.

Any desired number of heat eAchangers can be em-
pioyed and the same can be atranged in series or in
parallel and fed individuaily or from a single distribution
pipe. The retirn likewise may be individual -6r toani-
folded.

The distribution passageway 26 extends into the dis-
tributing tank and terminates therein at a horizontal in-
let opening 42, which, pursuant to my invention, is above
the bottom of the distributing tank and below the dis-
charge opening of the connecting passageway 28. How-
ever, if desired, this pipe may be external to-the distribut-
ing and the heating vessels. The return pipe terminates
at a discharge opening 44 in the heating vessel whichi in
pnrsuaLce of my invention is below the inlet opening
cf the connecting passageway 24.

Any siiitable means may be eriployed to raise the tem-
perature of the liquid in the heating vessel 12. For ex-
ample, such means may constitute an electric heater 46
cenveationally energized through a pair of leads 48.

The heating vessel 12 is completely filled with a suit-
able vaporizable heat exchange liquid, such as water,
through the filling fube 1%, which then is hermetically

sealed by the plug 18 The liquid will fise in the con-

o ne’cting tube 29 and in the return pipe ¥4 to the same
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level as in the heating vessel 12, namely fo the top of
said " Heating vessel.

When the electric heater is energized the Lemperature
of the liquid in the Heating vessel will rise. The liquid in
said vessel will be thermically expanded causing an over-
flow thereof thrcugh theé connecting tube 28 into the dis-
tributing vessel 14 to cover the bottom of the latter. Ex-
pansioft of the liguid in the heating vessel also will cause
chscharge of the hquld through the opening 44 into the
returfi pipe 34.

Since the distribiiting vessel  communicates with the
heating vessel only through the discharge opening 24 in
the connecting tube 26, liquid which overflows from said
tube 26 into the distributing vessel cannot return through
the connecting tube back to the heating vessel;, accord-
ingly this overflow liquid compresses the original air vol-
ume of the distributing vessel and the external part of the
system, i. e. the distributing pipe 26, the external distrib-
uting piping 28, the heat exchanger 36, the expansion
tank 32 and the return pipe 34.

Up to the instant that the gverflow from the connecting
tube into the distributing vessel seals the inlet opening
42 at the lower end of the distributing passageway 26,
the distributing vessel is in air communication with the’
external part of the system. Thus the pressure due to
compression of the total air volume by overflow of liquid
into the distributing tank, until the opening 42 is sealed
by the said overflow in the distributing tank, will be the
same in said tank as it is in the external part of the sys-
tem.  As long as the distributing vessel is in air com-
munication with the extérnal part of the system, liquid’
discharged through the return opening 44 into the return
pipe cdnnot rise any higher in said return pipe than
upper opening 24 of the ¢onnecting tabe.  Therefore any
further discharge from the heating vessel will cceur
through the said connecting pipe into the distributing
vessel until the opening 42 is sealed. - The pressure in the
external part of the system will be augméiited by the ef-
fect of the temperature of the liguid discharge into the
distributing vessel. The liquid displacemént due to the
thermic expansion of the liguid in the heating vessel at-
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tains a maximum when' the boiling point of the liquid is
reached.

Further application of hcat will produce steam, i. e.
vapor, under pressure over.the liquid in the heating ves-
sel. This vapor under pressure will force liquid out of
the heating vessel through both the connecting tube 20 and
the return pipe 34. The liquid in the connecting tube
will overflow into the distributing vessel. Since the dis-
tributing opening 42 is sealed by liquid previously dis-
charged through the connecting -tube 20, the air volume
of the distributing vessel will be compressed as the liquid
level in said vessel rises. Note should be taken that the
opening 42 may be so located that it will be sealed either
by thermic expansion as mentioned above or by initial
overflow under the influence of vapor pressure. Liquid
force from the heating vessel into the return pipe will
compress the air in the external part of the system until
a balance of pressure is established with the vapor pres-
sure in the heating vessel. At any instant, for any vapor
pressure in the heating vessel and for any liquid level in
said vessel, equilibrium must exist at each of three open-
ings, to wit, the connecting inlet opening 22, the distribu-
ting opening 42 and the return opening 44. It can be
shown that the pressure in the heating vessel is greater
than the pressure in the distributing vessel and that the
latter pressure in turn is greater than the pressure in the
external part of the system. . Therefore, the action at the
stage of operation during which air is being compressed
in the distributing vessel.and the external part of the sys-
tem is: (a) liquid is forced from the heating vessel through
the connecting tube into the distributing vessel and from
the heating vessel through the return opening into the re-
turn pipe; (b) the level of the liquid rises in the distribu-
ting vessel and compresses the air volume therein; (¢)
the level of the liquid rises in the return pipe and com-
presses the air volume in the external part of the system;
(d) the force of the compressed air in the distributing
vessel forces liquid from said vessel through the distrib-
uting opening 42 into the distribution passageway and
external piping, :

From the physical dimensions of the distributing vessel
it is possible to calculate the pressures existing therein
for various compressed air volumes, or, equivalently, for
different levels of liquid discharged from the heating
vessel into the distributing vessel. Similariy from the
physical dimensions of the external part of the system
the pressures existing may be computed for different com-
pressed air volumes or, equivalently, for different levels
of liquid discharged into the external system from both
the heating vessel and distributing vessel.

As more heat is applied to the heating vessel the fore-
going adjustments in pressure continue until a maximum
liquid level is established in the distributing vessel and
the external part of the heating system is completely
filled, exclusive of the expansion tank wherein the air
volume has been compressed. The dimensions of the
generating part of the system and the location of the con-
necting inlet opening 22 are so related to the diménsions
of the external part of the system that when the external
part is completely filled with liquid and the distributing
vessel is filled to the “balance” level the liquid level in
the heating vessel has' dropped to the connecting inlet
opening 22. The volume of the heating vessel from the
level of the opening 22 ‘to the top of the heating vessel
therefore is equal to the maximum liquid level volume
in the distributing vessel, plus the volume of the external
part of the system, exclusive of the expansion tank, plus
a volume for evaporation for the generation of pressure
in 12. i .

The connecting tube 20 preferably is of capillary calibre
so that as long as the inlet opening 22 is in contact with
liquid in the heating vessel there will be a rise within the
connecting tube 20, regardless of all other factors.

In a preferred form of my invention the diameter of
the connecting opening 22 is, for the foregoing purpose,
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6
made approximately one-quarter of an inch, for which the
rise of liquid, disregarding all other effects such for in-
stance as the influence of generated vapor pressure,
would be about 0.39 inch. It may be noted here that,
to maintain this capillary rise, and yet have a greater
effective cross-sectional passageway, it only is necessary
to employ a number of such tubes. By using this diam-
eter or smaller diameter of connecting tube, when the
liquid leve! in the heating vessel is forced down to the
level of the connecting inlet opening, said opening will be
sealed by the capillary rise of liquid within said tube.
The opening is further sealed by the liquid forced into
the tube by the pressure in 12. Capillary effect is useful
only after pressure has escaped from 12 into 14 to reseal
the opening and permit pressure build-up.

Up to this point in the operation of the system the
heat applied to the heating vessel has caused expansion
of the liquid in said vessel and the subsequently gener-
ated vapor pressure in said heating vessel has caused a
unidirectional discharge of liquid through the connecting
tube into the distributing vessel and through the return
pipe 34 into the external part of the system, exclusive
of the expansion tank, causing a compression of air vol-
ume in the distributing vessel and in the expansion tank,
and the compressed air in the distributing vessel has
caused a discharge of liquid through the distributing
pipe 26.

The compression of the air in the distributing vessel by
the discharge of liquid from the heating vessel through the
connecting tube brings the following factors into play:

At the distributing opening 42 the forces acting are
the compressed air in the external part of the system
plus the height of the liquid in the distributing pipe 26
and the external piping 28 above the distributing opening
opposing the force of the compressed air in the distribut.
ing vessel plus the height of the liquid in the distributing
vessel above the distribution opening. Since the dis-
tributing opening is water-filled, it hydraulically seals
the distributing vesse! from the distributing pipe 26.
Therefore any liquid discharged from the heating vessel
through the connecting tube into the distributing vessel
cannot force air from the distributing vessel into the dis-
tributing pipe without first lowering the existing liquid
level in the distributing vessel. Because the only low
opening in the distributing vessel is the distributing open-
ing 42, any liquid below the upper opening 24 in said
vessel must be discharged from the distributing vessel
through said distributing opening. The force due to the
compressed air volume in the distributing vessel there-
fore will act to discharge liquid into the distributing pipe
26 through the distributing opening 42. This discharge
will be opposed by the compressed air pressure existing in
the external part of the system, plus any liquid head
present in the distributing pipe 26 and piping 28 above
the distributing opening. The compressed air volume
pressures depend upon the relative values of the air
volume in the distributing vessel and air volume in the
external part of the system as well as the liquid height
in the heating vessel above the connecting inlet opening
22. By plotting curves of pressure versus volume for
both the distributing vessel and the external part of the
system, the corresponding conditions of volume and pres-
sure in both the distributing vessel and the external Sys-
tem can be determined simultaneously when the air vol-
ume in the external part of the system is compressed
into the expansion tank. From the pressure in the dis-
tributing vessel, as thus determined, the vapor pressure
in the heating vessel is computed from the physical char-
acteristics of the system.

Up to this point there is no circulation in the system.
The operation thus far has discussed the filling of the
external system and part of the distributing vessel which
were empty when the heating system was cold. As heat-
ing of the liquid in the heating vessel is continued after
such filling of the system, further vapor pressure is gen-
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erated in the heating vessel above the liquid.  This addi-
tional vapor pressure will depress the liquid level below
the Tevel of the conmecting inlet “opéning 2Z. However,
said opening is connécted to the depressed 11qu1d level
By a meniscus due to the surface tension of the Hauid.
Tadsmiuch gs surface tension decreases with r1s1ng tem-
perature and the beiling point increases with rising pres-
sure, it is apparent that the surface tension decreases
as the vapor pressure increases: The meniscus acts as a
water seal preventing a discharge of vapor under pres-
sure through the connecting inlet opening and the con-
necting tube. If the liguid were quiescent the meniscus
wotld be broken only whed the surrounding liquid level
is depressed beyond thie value of the sustaining surface
tension. However, dué t6 convection currents set up by
the hsatidg of the liquid in the heating vessel and to
_vapor bubbley constantly rising through the liouid in
said vessel, the liquid surface in the heating vessel is in a
siate of comstant agitation. Therefore a point soon is
reached where both the agitafion of the liguid sur‘ece and
the. increased vaper pressure will rupture the constantly
stretching meniscus causing an instantaneous opening in
t-he flutd through the mieniscus to the connecting inlet
opening 2nd exposing the opening or at least a part there-
of to the surrounding vapcr under pressure. The vapor
urnder pressure thereupon will discharge through the ex-
pesea connecting inlef opening into the connecting tube.
THis is the equivalent of am instantanecus Cpemng cf a
variable throttle at the connecting inlet opening and for
the instant that a clear space exists vapor under pres-
sore will flow from above the liquid level in the heating
tank into the connecting -tube. . Due to the momentary
drop-in the surrounding vapor pressure caused by this
instantaneots ‘discharge the liquid level is raised by a
retuin How through 44, and aided by the agitation of the
liquid surface ‘as aforenientioned surface tension rees-
-tablishes the meniscus, sealing the :connecting inlet open-+
ing against the surrounding vapor under pressure as if
the above-mentioned imag"n’aly throttle were closed.
"~ The rupture of the meniscus may result in-a large or
small opening depending upon local  circumstances.
To facilitate the formation-of a larger opening caused
by such rupture, and therefore the admission of a larger
amount of vapor under pressure, the lower end of the
connecting tube at the conmnecting inlet opening is fAared
outwardly as. described above. The foregoing action is
equivalent to admitting vapor under pressure into a noz-
zle that discharges into a long cylinder fitted with a con-
timuous and flexible-ended piston. The continuous and
Hexibte-ended piston is the column of liquid in the con-
ecting tube supported by the vapor pressure of the lig-
uid in the heating vessel before rupture of the meniscus.
As already noted, this column of liguid is sustained in
part by capilI ry action.

‘When the rheniscus is re-established the vapor is trapped
in the tube and will form an upper meniscus with the
liguid above it inside the tube and a lower mieniscus with
the lower sealing capillary liquid. Being of Iesser density
than the licuid in-the tube; the vapor thus trapped will
start to rise in the lquid column and at the same time

* expand in volume. This rising and e‘(paﬂsion of the vapor
forces. part of -the liguid column vp thr oum the connsct-
ing tube and ‘out through the opening 24 at the upper

nd of said tube intothe distributing vessel. Furthermore-
e the d,mhy of the entire liguid column in the connect-

g ‘LLue is reducsad by the volume of the trapped vaper, the
vapor pressure which originally sustained the solid hqma
evlumitin th

e connecting tube mow will force lgnid at th
riew higher level from the heating vessel into the conncct-
ing inlet opening in order to reestablish equilibrivm, dis-
¢hiarging into the distributing véssel 14 the trapped vapor
and the ligild ¢elumn above said vapor.. Thus the liquid
i# the connécting. tube which- the trapped vapor caused to
be discharged from said tubs into the distributing vessel
is imnrhediatély replaced in said tube from the heating ves-
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sel, Simultaneously, the reduetion in volume of the
heating vessel contents caused by replacement of liquid
into- the conmecting tube is compensated for by liguid
returning through the return opeaing 44 from the external
part of the system thereby maintaining equilibrium at the
three critical openings; to wit, the connecting inlet open-
ing 22, the distributing opening 42 and the return open-
ing 44. In this manner circulation is started and main-
tained as long as heat is supplied to the heating vessel
gnd vapsr pressure is generated over the liguid in said
vessel while said 1vqmcl stays ai the proximate level of the

conuecting infet opening.
The acticn of the system during circulation may be

sutmarized as-follows:
The vapor trapped in the conunecting tube reduces- the

de “-“u of the liguid column therein and when said liguid
columin is forced inte the distributing vessel by the pres-

sure restorsd in the heating vessel, said column carries
the trapped vapor with it. Both the liquid and the vaper
alternately  and imtermittently discharge info the dis-
fributing vessel and create a steady pressure therein, the
upper air in the distributing vessel actfing as a balaneing
hamber on the entering pulses of vapor and fiquid. This
is analcgous to the balancmg chamber which is emploved
in a fire hose system to provide a steady stream &t the
niczzle despite the pulsations of the pump which feeds
the hose.  From the distributing vessel liguid is con-
timucusly discharged wunder the accumuiated pressure
through the heat exchanger from whence it is returned
o the heating vessel. Pressute is restored in the heating
vessel by continued evapdration of liquid therein, it being
noted ‘that replenishing condensation cccurs in- the - dis-
tributing vessel.

To. summarize, the rmeniscus at the infet 22 is intermit-
tenfly ruptured. Vapor from the lieating vessel enters
the ceclumn of liguid in the conmecting tube.  This vapor
is trapped by liquid above and by the meniscus formed
by ¢apillary action-below. The éscaping vapor decreases
the pressure im the heatlig vessel. The trapped vapor
reduaces the density of the liquid celumn in thie connecting
tube. The pressure in the heating vessel- is rapidly re-
stored by evaporation of liquid to reestablish -equilibrium
at the inlet opening 22. Thus the column of reduced
density is lifted thereby discharging vapor and liquid inter-
niittently and alternately into the distributing vessel.
The vapor directly increases the pressure therein and the
liquid increases the pressure in the distributing vessel by
decreasing the air volume. The increased pressure in the
distributing vessel overcomes the ethbrmm at the dis-
tributing opening and forces liquid from the distributing
vessel into the heat exchanger. The flow is continuous
with slight fluctuaticons: in velocity to the return opening
44, The return flow raises the level of liguid in the heat-
vessel against the reduced pressure therein thus re-
establishing the meniscus and resealing the inlet cpening
22, :
1t will be appreciated from analysis that a critical rela-
ticnship exists between  certain elements of my system.
Thus the connecting inlet opening 22 must be below the
discharge opening 24 of the connecting passageway and

clow the top of the heating vessel, the distributing open-
ing 42 must be below the discharge opening 24 of the
connecting tube, the. return opening 44 must ‘be below
the -connecting inlet opening 22, the distributing vessel
above the top of the heat-
ing veszel although the remainder of the distributing ves-
sel may be loeated as desired; the heat exchanger 36 may
be located at any level with respect to the heating or the
distributing vessels, and the volume of the heating véssel
above the connecting inlet opening must exceed the
volume of the external part:-of the system exclusive of
the expansion tank.

In the preferred form of my invention the rano of the
liquid contents of the distribiiting vessel in its operdting
condition to thé total liquid discharge from the heating

ing
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vessel is generally equal to the ratio of the entire volume
of the distributing vessel to the combined volumes of the
distributing vessel and the cntire external part of the sys-
tem including the expansion tank. Thus if the distributing
vessel is approximately 30% of the combined volumes
of the external part of the system plus the distributing
vessel the liquid content of the distributing vessel in its
operating condition will be approximately 30% of the
total liquid discharge from the heating vessel. The Sys-
tem is closed to the atmosphere so that it does not have
to be replenished with liquid.

The form of the invention described with reference to
Fig. 1 constitutes the simplest embodiment thereof. In
it the distributing vessel is principally above the heating
vessel. However, if desired, substantially all of the dis-
tributing vessel may be level with and below the heating
vessel, this form of my invention being illustrated in Fig.
2 in which figure and in all following figures the same ref-
erence numerals refer to the same parts. It also should
be observed that the expansion tank is located at the
highest point of the external part of the system. 1In Fig. 1
wherein the inlet to the heat exchanger is lower than the
outlet, the expansion tank is located at the outlet mani-
fold 40. However in Fig. 2 wherein the outlet is lower
than the jnlet, the expansion tank is located at the- inlet
manifold 38. .

Fig. 3 illustrates the same heat exchange and circulat-
ing system modified  however to show the use of said
system with a heat exchanger below the distributing and
heating vessels. :

Fig. 4 illustrates a further modification in the system
wherein the distributing vessel is in part below the heat-
ing vessel and further wherein the heat exchanger 30
is at substantially the level of the distributing opening,
which, in this instance, is about the level of the bottom
of the distributing vessel. Attention is called to the fact
that the heat exchanger has its inlet and outlet located
at the same end, this being best seen in Fig. 5 from which
it will be apparent that the manifold at one end of the
heat exchanger is partitioned and the manifold at the
other end is employed as a return.

It thus will be seen that I have provided systems which
achieve all the objects of my invention and are well
adapted to meet the conditions of practical use.

As various possible embodiments might be made of
the above invention, and as various changes might be
made in the embodiments above set forth, it is to be un-
derstood that all matter herein described, or shown in the
accompanying drawings, is to be interpreted as illus-
trative and not in a limiting sense.

Having thus described my invention, I claim as new
and desire to secure by Letters Patent:

1. Asealed heat exchange and a liquid circulating system
comprising a heating vessel in which a vaporizable liquid
is adapted to be disposed and be heated, a distributing
vessel at least a portion of which is above the heating
vessel, a connecting passageway between said vessels and
having a horizontal inlet end in the heating vessel and
a discharge end in the distributing vessel above the bot-
tom thereof, a heat exchanger, a distributing passageway
baving an inlet end located in the distributing vessel and
running from the distributing vessel to the jnlet of the
heat exchanger, a return passageway running from the
outlet of the heat exchanger to the heating vessel and
having a discharge end located in the heating vessel, the
discharge end of the connecting passageway being above
the inlet end thereof and above the top of the heating
vessel, the inlet end of the connecting passageway being
below the top-of the heating vessel, the inlet end of the
distributing passageway being below the discharge end
of the connecting passageway, and the discharge end
of the return passageway being below the inlet end of
the connecting passageway, the only openings in said dis-
tributing vessel being those of the connecting and dis-
tributing passageways, said system including a vaporizable
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liquid and a gas which, when the system is idle, are so
distributed. that there is liquid in the heating vessel above
the inlet end of the connecting passageway, liquid in the
distributing vessel up to the inlet end of the distributing
passageway, gas in the distributing vessel above the liquid
therein, and gas in the part of the system external to the
two vessels, whereby in the operation of the system liquid
initially is discharged from the heating vessel through the
return passageway and liquid also is discharged from the
heating vessel through the connecting passageway into
the distribution vessel and thence through the distribution
passageway until the heat exchanger is filled and the
liquid in the heating vessel is at the proximate leve] of
the inlet opening of the connecting passageway and there-
after the meniscus between the level of the liquid in the
heating vessel and the inlet opening of the connecting
passageway is intermittently ruptured to discharge alter-
nately and intermittently liquid and vapor under pressure
from the heating vessel to the distributing vessel from
which distributing vessel liquid only is continuously dis-
charged through the heat exchanger and returned to the
heating vessel thus establishing a circulation of heated
liquid through the system.

2. A heat exchange and liquid circulating system as
set forth in claim 1 wherein the distributing passageway
includes a portion at a level higher than its inlet end.

3. A heat exchange and liquid circulating system as set
forth in claim 2 wherein the external part of the system
is empty of liquid when the system is idle. )

4. A heat exchange and liquid circulating system' as
set forth in claim 3 wherein -the volume of the heating
vessel above the inlet opening of the connecting passage-
way is greater than the volume of the heat exchanger, a
portion of the distributing vessel, the distributing passage-
way and the return passageway above the top of the
heating vessel.

5. A heat exchange and liquid circulating system as set
forth in claim 1 wherein an expansion tank is connected
to the highest point of the system outside of the distribut-
ing vessel and the heating vessel.

6. In a sealed liquid circulating system a heating vessel
in which a vaporizable liquid is adapted to be disposed
and be heated, a distributing vessel at least a portion of
which is above the heating vessel, a connecting passage-
way between said vessels and having a horizontal inlet
end in the heating vessel and a discharge end in the dis-
tributing vessel above the bottom thereof, a distributing
passageway running from the distributing vessel, having
an inlet end located in the distributing vessel and a return
passageway running to the heating vessel and having a
discharge end located therein, the discharge end of the
connecting passageway being above the inlet end thereof
and above the top of the heating vessel, the inlet end of
the connecting passageway being below the top of the
heating vessel, the inlet end of the distributing passageway
being below the discharge end of the connecting passage-
way, and the discharge end of the return passageway
being below the inlet end of the connecting passageway,
the only openings in said distributing vessel being those
of the connecting and distributing passageways said sys-
tem including a vaporizable liquid and a gas which, when

* the system is idle, are so distributed that there is liquid
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in the heating vessel above the inlet end of the connect-
ing passageway, liquid in the distributing vessel up to the
inlet end of the distributing passageway, and gas in the
distributing vessel above the liquid therein, whereby in

" the operation of the system liquid is discharged from the

heating vessel through the connecting passageway into the
distributing vessel and thence through the distributing
passageway and thereafter circulation is effected by inter-
mittent rupture of a meniscus between the level of the
liquid in the heating vessel and the inlet opening of the
connecting passageway, the liquid being returned to the
heating vessel through the return passageway thus estab-
lishing a circulation of liquid through the system.
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7. In.a sealed liquid circulating system a heating vessel
in which a vaporizable liquid is adapted to be disposed
and be heated, a distributing vessel at least a portion of
which is above the heating vessel, a connecting passage-
way between said vessels and having a horizontal inlet
end in the heating vessel and a discharge end in the dis-
tributing vessel' above the bottom thereof, a distributing
pdssageway running from the distributing vessel, having
an inlet end located in the distributing vesse! 2nd a return
passageway running to the heating vessel and having .a
discharge end located therein, the discharge end of the
connecting passageway being above the inlet end thereof,
and above the top of the heating vessel, the inlet end of
the comnecting passageway being below the top of the
Heating vessel, the inlet end of the distributing passageway
being below the discharge end of the connecting passage-
way, and the discharge end of the return passageway being
below the inlet. end of the connecting passageway, the
only openings in said distributing vessel being those of
the connecting and distributing passageways said system
including a vaporizable liquid-and a gas which, when
the system is idle, are so distributed that there is liquid
in the heating vessel above the inlet-end of the connect-
fng passageway, liquid in the distributing vessel up to the
inlet end of the distributing passageway, and gas in the
distributing vessel above the liquid therein. :
8. In a sealed liquid circulating system a heating vessel
in which a vaporizable liquid is adapted to be disposed
and be heated, a distributing vessel at least a portion of
which-is- above the heating vessel, a connecting passage-
way between said vessels and having a horizontal inlet
end in the heating vessel and a discharge end in the dis-
tributing vessel above the bottom thereof, a distributing
passageway running from the distributing vessel and hav-

ing an inlet end located in the distributing vessel, the 3
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- below the top of the heating vessel, and the inlet end of
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discharge end of the connecting passageway being above '

the- inlet end thicreof and above the top of the heating
vessel, the injet end of the conmecting passageway being
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the distributing passageway being below the discharge end
of the connecting passageway, the only openings in said
distributing vessel being those of the connecting and dis-
tributing passageways said system including a vaporizable
liquid and a gas which, when the system is idle, are so
distributed: that there is liquid in the heating vessel above
the inlet end of the connecting passageway, liquid in the
distributing vessel up to the inlet end of the distributing
passageway, and gas in the distributing vessel above the
liquid therein whereby in the operation of the system lig-
uid is discharged from the heating vessel through the
connecting passageway into- the distributing vessel and
thence through the distributing passageway and thereafter
circulation is effected by intermittent rupture of 2 meniscus
between the level of the liquid in the heating vessel and
the inlet opening of the conmecting passageway.
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