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The present invention relates to a method for
effecting circulation of a liquid, for instance wa-
ter, in a pipe system for heating or cooling pur-
poses or the like and an apparatus for carrying

-out the method.

In central heating systems the circulation of
the heat transmitting liquid is generally caused
by the different specific weight of the liquid in
the vertical parts of the closed pipe system in

- which the source of heat, the heating furnace,
forms a part. In the pipes leading from said
source of heat the hot liquid rises, and after hav-
ing given off its heat in a radiator or other device
it sinks again in the pipes leading to the furnace.

In such a system of self-circulation a certain
height of rising is, thus, necessary in the pipe
circuit above the heating furnace for making the
circulation at all possible. - The higher the as-
cending column of hot liquid and the descend-
ing column of cool liguid are, the more rapid
will be the circulation.

However, it is not always possible to arrange
for such a height of rising, as for instance in
small boats, low houses without cellars or flats,
provided that the conduits to the heat emitting
device or the said device are not placed at the
point of the system lying highest above the fur-
nace, i. e. in the roof of the room to be heated,
which, however, in most cases cannot be held
satisfactory from a heating point of view. :

The object of the present invention is to pro-
vide for circulation in a simple way without em-

ploying complicated mechanical or other means,:

such as motor-driven pumps or the like, even in
those cases in which the height of rising in the
heating system is small or negative, so that
no seif-circulation worth mentioning can arise,
as when the heat emitting device is placed lower
than the heating furnace.

The apparatus according to the invention com--

prises in combination, a closed vessel, the heat-
ing vessel with a suitable heating device, for ex-
ample a petroleum-stove, gas-stove or other stove
provided with a burner or fired with wood, coal
or coke, or by electricity and with an arrange-
ment dividing the vessel into twa different zones

or compartments with different temperatures of -

the liquid, a second vessel, preferably open and
higher placed, a conduit between the two ves-
sels connected to or forming a radiator or the
like in a heat emitting device, and a connection
between the two vessels for instance in the form
of a pipe, allowing a liquid, filling the closed ves-
sel completely and the first-mentioned conduit

5 at least practically completely and the second

(Cl. 237—60)

vessel to a certain level, to stream from the heat-
ing vessel to the second vessel, or from the second
vessel to the heating vessel, but in neither case in
the opposite direction. The method of effecting
the circulation in said apparatus according to
the invention is mainly characterized by the
fact that alternate overpressures and underpres-
sures are produced in a thermic way in the closed
heating vessel, so that liquid is pressed or sucked,
respectively, from one vessel to the other through
the last-mentioned connection and thus ligquid is
sucked and pressed, or pressed, through the con-
duit between the vessels provided with the heat
emitting device. The alternate overpressures
and underpressures, i. e. the changes of pressure
in the heating vessel, are in a thermic way most
simply produced by generating and condensing
vapor bubblesin the liquid in the vessel. On gen-
erating vapor bubbles in the closed vessel an
overpressure arises in same causing an amount ot
liquid corresponding to the volume of the vapor
bubbles to be removed from the vessel either
to the second vessel, from which it is at a later
moment conveyed to the heat emitting device, or
directly to the conduit leading to said device, de~
pending upon the type of apparatus used. The
flow in these directions continues until the over-
pressure is balanced. When the vapor bubbles
in the heating vessel come in contact with cooler

liquid from the inlet pipe from the heat emitting:

device, or from the second vessel, the vapor in
the bubbles is condensed, which makes the bub-
bles contract -and by proper adaption of the
apparatus and the heating disappear completely,
so that underpressure arises in the vessel and a
stream of liquid in the opposite direction to be-
fore arises or will arise. Hence the heating vessel
acts as a pistonless pump with the energy sup-
plied in the thermic way. Depending upon the
manner of the different elements being connected
to one another in the apparatus, i. e. how the
latter is constructed, the circulation is then ef-
fected either by pressure or suction or both.
Instead of the direct firing of the heating ves-
sel above mentioned, which may take place either
through the bottom -or through inner or outer
walls in the vessel, depending upon the nature
of the firing device, the heating may be car-
ried out in an indirect way by means of a suitable
medium, viz. an easily condensable vapor or gas,
for example from water, alcohol or the like, pro-
duced in a generator communicating with the
vessel. On supplying vapor or gas to the vessel
and condensing same in the vessel the pressure
changes required for the circulation of the liquid
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are thereby obtained in the same way as above
mentioned, at the same time as the liquid is
heated.

The pumping action from the heating vessel
cbtained according to the invention may, besides
for direct circulation in the manner described,
also be used for effecting pumping in an indirect
way, for instance with the aid of a membrane,
bellows or the like, of other liquid, for example
petroleum for the burner device, for the circula-
tion of liquid in heat-transmission or cooling sys-
tems, or for other purposes.

In the accompanying drawings some different
constructions of the apparatus according to the
invention are shown, all with a radiator as heat
emitting organ., Figures 1, 2,7 and 8 show appa-
ratus for combined action by suction and pres-
sure and Figure 4 shows an apparatus mainly for
action by pressure. Figure 1 shows an apparatus
with the connecticn ketween the vessels consisting
of a pipe with a liguid seal, Figure 2 an apparatus
with a connection having a step in one direction
by means of a valve and with a pump driven by
the pressure changes in the heating vessel for
the purpose of supplying oil to the holder of the
burner from a cistern. Figures 3, 5,6 and 7 show
certain constructions of a screen placed near the
heating surface in the heating vessel in order
to cause the generation of large vapor bubbles and
thereby large pressure changes in the vessel.
Pigure 8 shows an additional! heating arrange-
ment below the heating vessel for supplementary
heating of the liquid in the same.

In Figure 1, | indicates a closed heating ves-
sel, 2 is another vessel, which in this case is open
and placed higher but also may be closed to pre-
vent any uncondensed vapor from escaping out
of the system and thereby loss of liguid from
same during the circulation. 3, 4 and § indicate a
conduit between the two vessels, of which the
part 4 is formed as one radiator that, however,
may be replaced by a number of separate heat-
ing units. 6 is a connection pipe between the ves~
sels | and 2 attached to the upper border {{ of
the vessel { and at the top open against the vessel
2 through one or more openings {3 placed above
the surface of the liquid in the vessel 2, and 7
is a burner or another source of heat for heating
the vessel I. Water or other liquid fills the upper
vessel 2 to a certain level and the conduit 3, 4, 5
and the lower vessel | completely, and ascends
in the connection pipe up to the same level as
outside in the vessel 2. In consequence of the
construction the pipe operates as a liquid stop
between both vessels. The liquid can thus flow
from the upper vessel 2 through the conduit 3, 4,
5 to the vessel | and from the latter to the ves~
sel 2, but not from the vessel 2 back to the vessel
f through the pipe 6.

When the liquid in the connection pipe § ison a
level with the liquid in the upper vessel 2 no flow
of liguid takes place in one or other direction
in the conduit 3, 4, 8. If the vessel | is heated, so
that vapor is generated therein, or if vapor is in-
trcduced from an outer source, a quantity of
liquid corresponding to the volume of the vapor
bubbles will, until the overpressure ceases, flow
up into the vessel 2, where, thus, the level of liquid
rises. When the heating of the vessel is properly

‘adapted the vapor bubbles will condense wholly

or in part on coming into contact with liquid of
lower temperature than that prevailing at the
heating surface, and hence underpressure is cre-
ated in the vessel {. The volume formerly taken
up in the vessel { by the vapor bubbles is now
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replaced by liquid, which is most readily done
from the pipe 6 where & rapid sinking of the
level, perhaps down to the vessel {, sets in. At
this moment the pressure in the opening {5 of
the inlet to the vessel | from the column of
liquid in the pipe % and the vessel { becomes less
than the pressure of the column of liguid from
the upper surface in the vessel 2 to the opening
{5 acting through the conduit 3, 4, 5, and so
liquid fiows through the cutlet 14 of the vessel
2 and the conduit 3, 4, 5 into the vessel {, which
in its turn involves the cessation of the under-
pressure in the vessel { by the refilling of the
same and the pipe § and thus the stream in that
direction will end. The raised level of liquid in
the vessel 2 and the suction in the inlet {5 con-
tribute alsc to increase the circulation of liguid
through the apparatus. Through the centinued
heating of the vessel | the procedure is then re-
peated with alternate overpressures and under-
pressures.  Generally the number of complete
cycles amounts to 15 to 60 per minute, but it
may be raised to 120 per minute or even more.
The time for every change of pressure will thus
be rather short. Especially the reduction of the
pressure through the condensation takes place
very rapidly.

The best effect is cbtained when the generation
of vapor or the introduction of vapor to the ves-
sel | takes place in a zone or part of the vessel
with a comparatively high temperature, from
which the vapor bubbles wholly or in part stream
into another cooler zone or part of the vessel,
whereat the vapor bubbles condense more or
less completely and vapor bubbles in the hotter
zone in generaticn, introduction or growing are
cooled by relatively cold liquid streaming in from
the other zone for filling the space after the
escaped or contracted vapor bubbles. In accord-
ance with the invention that is effected by ar-
ranging a screening off in the vessel | at a cer-
tain, if desired adjustable, distance from the heat-
ing surface of the vessel. When the vessel is
heated through the bottom or vapor is intro-
duced from another source the screen should be
arranged at a certain distance from the bottom,
preferably in the form of a plane or slightly bent
plate, a conical or calotie-formed sheet or the
like, though it may be placed in any other posi-
tion. It may also be provided with openings, for
instance round apertures, radial or circular slits
or the like, through which the vapor bubbles
may pass. away Ifrom the space between the
heating surface and the screen into the other
cooler space and liquid may flow from this latter
space to the screened off space. Preferably these
openings are placed symmetrically in reiation to
the centre of the screen. When a screen without
openings is used it has proved preferable to have
it provided with one or more protuberances, for
example in the form of torus rings or with a rim
or the like at their outer border acting as or
forming gathering spaces for the vapor arising
or supplied under the screen in hesting the
liquid, which in this way is congregated to large
bubbles that pass away and/or are contracted
by the relatively cool liquid coming in from that
space. - The screen which should ke arranged in
such a way that there is a space of sufficient size
between it and the wall of the vessel, results in
the supplied heat being retained and concentrated
in the part of the vessel between the heating
surface and the screen, which part, conse-
quently, will become hotter than the other part.
In that way the vaporization in the screened
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off space will be greater, and larger bubbles are
formed than is the case when a heating vessel
without screen is used. The larger the vapor
bubbles are that are formed or supplied and con-

© densed in the several moments of each cycle, the

larger will be the pressure changes in the heat-
ing vessel and, thus, the more powerful will be-
come the circulation of liquid in the apparatus.

The proportion between the volume of the
screened off space and that of the other space
in the heating vessel has a great influence on the
course of the vaporization and, thus, on the mag-
nitude of the circulation, so that when using a
certain proportion a maximum circulation is at-
tained for a certain supply of heat. This pro-
portion is, however, dependent upon the shape
and volume of the vessel and can, therefore, not
be stated generally. On using vessels with heat-
ing through the bottom it has proved that if the
distance between the screen 8 and the bottom 9
is kept appropriate, for instance 140 to ¥ inch in
small vessels, i. e. vessels with diameters up to 10
inches, generally, however, only 1% to % inch,
there are formed under the screen a small num-
her of very large bubbles instead of innumerable
small bubbles as in vessel without a screen. To
attain a complete condensation of the vapor bub-
bles from the vessel | the connection 6 may be
provided with a cooling arrangement.

If a heating surface other than the bottom is
used, for instance a cylinder surface inside which
coal or coke is burnt, the screen should be placed
at a2 certain distance from that surface and be
fitted with @ suitable play to the walls of the
Leating vessel at the ouber edge and, if desired,
with apertures or slits to facilitate the admission
of liquid for the cooling in the screened off space.
in such a case it has been found suitable to ap-
plv a spiral pipe or the like between the heating
surface and the screen to make the formation of
large vapor bubbles easier, along which the small
vapor bubbles formed slide upwards and congre-
gate to large bubbles in the upper part of the
screened off space. )

Ii. has also proved advantageous to have the
screen made of heat insulating material, for ex-
ample asbestos or the like, or covered on one side
or both sides with such a material. By that the
heat transmission from the screened off space to

-the other space in the heating vessel is reduced,

and so the vaporization and the formation of
Jarge vapor bubbles in the first-mentioned space
are furthered.

The circulation is also furthered if in the inlet
pipe 5 to the heating vessel | near the opening
16 is placed a valve 16 that prevents a return
flow from the vessel | into said pipe. Practically
the whole free space formed in the vessel on the
condensation of the large vapor bubbles is then
filled by liquid from the pipe 6, by which the
difference in pressure between the liquid outside
and inside the pipe 6 and thus the flow from the
vessel 2 into the conduit 3 are increased. The
smaller the diameter of the pipe §, the greater
may its length be kept, and the stronger will, thus,
be the circulation.

The liquid streaming into the vessel 2 has,
especially when a screen is used, a considerably
lower temperature than the vaporization tem-

- perature of the liquid, but is, however, relatively

hot. The evaporation from the open jets of lig-
uid through the openings I3 and from the sur-
face of the liguid in the vessel 2 may, therefore,
become rather great in certain cases. Naturally,

-the temperature of the liquid streaming into the

3

vessel | from the conduit § depends upon how
great the cooling is in the conduits 3 and % and
the radiator 4.

The greater the temperature difference is be-
tween the different spaces in the heating vessel.
the more rapid will be the pressure changes and
by that the circulation of the liquid. At the same
time the temperature of the liquid flowing out
into the pipe system 3, 4, ‘§ will, however, be
decreased and, consequently, also the quantity
of heat that may be emitted from the system.
Great temperature difference is attained if the
vessel, as shown in Figure 1, is made with non-
insulafted walls 10, for instance of sheet metal, in
the cooler zone and/or highly heat emitting up-
per border, for instance of sheet metal also, if
desired cooled by a cooling medium such as wa-
ter or the like. ‘By_these means the temperature
of the liquid in the upper part of the vessel-—the
cooler zone—will be rather considerably de-
creased. If on the contrary the side walls {§
and/or the upper border 1! are insulated with a
suitable non-conducting material or if the liguid
is supplementarily heated in the upper zone or
in any other way, the temperature difference will

10°
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be less and the circulation not quite as powerful, .

but the liquid streaming out into the pipe system
will be hotter and can, thus, in spite of the re-
duced circulation, emit more heat from the pipe
system.

The apparatus according to the invention is
suitably carried out as the drawings show with
the second vessel 2 of smaller diameter than the
heating vessel | and directly connected to and
placed above the latter with the connection pipe
6 attached to the upper border Il of the lower
vessel. In certain cases the pipe 6 may at the
lower end finish below the upper border I of
the lower vessel, for instance by an elongation 29
as indicated in dotted lines in the drawings.

30+

35

40

However, the pipe may also start from another -

part of the vessel other than the upper border.
Preferably the screen 8, in this case shown as a
plane plate, should be placed in fixed relation-
ship to the lower vessel | in order not to be lifted
by the vapor pressure. The fixing may, for in-
stance, be made by a screwing means, allowing
an adjustment of the height of the plate above
the bottom according to the conditions and the
circulation desired in different cases. Preferably
the connection between the vessels | and 2 shoulgd
be made in such a way that the vessels may be
turned axially in relation to each other and, thus,
their inlets and outlets made to point in desired
directions.

The apparatus according to Figure 2 funda-
mentally corresponds to that shown in Figure 1.
However, the stop in the pipe 6 against the draw-
ing in of liquid from the vessel 2 when under-
pressure is prevailing in the heating vessel { con-
sists of a pressure valve 21 instead of a liquid
seal, which valve lets through liquid from the
latter vessel to the vessel 2 when overpressure
prevails in. the vessel I.. Moreover there is placed
in the inlet pipe 5 to the vessel | a valve 186,
allowing liquid to stream -into the vessel from
the pipe when underpressure is existing in the
vessel | and preventing liquid from streaming
in the opposite direction when overpressure is ex-
isting in the vessel.

When overpressure arises in the vessel | the
valve 21 will be lifted and liquid streams from
the space above the screen & up into the vessel
2. According to the magnitude of the circula-
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3, 4, 5 this liquid has generally a temperature of
between 40 and 90° C. When the overpressure
ceases the valve 21 will be shut, and at the fol-
lowing rapid condensation of the vapor bubbles
both above and below the screen 8 the valve 16
will be opened by the underpressure arising, and
a volume of liquid corresponding to the reduc-
tion of volume in the vessel 1 will be rapidly
drawn in from the pipe system 3, &4, 5 and thus
from the vessel 2. The raised level of liguid in
the vessel 2 confributes then to increase the flow
of relatively hot liquid from the vessel 2 to the
vessel | through the pipe system 3, 4, 5. Next
moment the underpressure ceases, the valve (6
will be shut, and a new pressure increase sets in
by the generation of vapor bubbles in the
screened off space between the screen 8 and the
bottom 8, when again hot liquid is pressed up
into the vessel 2 and so on. In this case an air
chamber or bell 50 is arranged in connection
with the conduit 5 for equalizing the fluctuations
of pressure in the conduit.

The advantages of this apparatus over the ap~
paratus with liquid seal according to Figure 1 are
that the consumption of energy through oscilla-
tions of the column of liquid in the pipe 6 is
avoided and that, consequently, the underpres-
sure is better utilized for the conveyance of the
circulation liquid, and further that the risk of

‘boiling in the vessel { is reduced since the tem-

perature in same will be lower.

In Figure 2 there is also shown means for
pumping petroleum. or other fuel oil from a cis-
tern 30 to a fuel holder 22 belonging to the

‘burner 7 by which the circulation apparatus may

be left without supervision for a long time, as the
fuel supply into the holder 22 may automatically
be kept constant. Through the pipe 23 the pres-
sure changes in the heating vessel | are trans-
ferred to bellows 24 or other similar pumping de-
vice that expands and contracts with the in-
creases and the decreases of the pressure in the
vessel. The bellows are placed in a tank 25 with
an inlet valve 26 from the supply cistern 30 for
fuel oil. From the pressure valve 2T the oil is
conveyed through a conduit 28 to the holder 22
of the burner 7. The oil level in the holder 22
is kept constant or limited by means of an over-
flow 29.

The pumping arrangement above described

‘may, besides for pumping fuel oil, also be used

for other purposes, for instance for pumping lig-
uid for other heating or cooling arrangements
or the like or for delivering other mechanical

-work.

The apparatus according to Figure 4 differs
from the preceding ones in that the circulation
is mainly effected by pressure. In this the heat-
ing vessel | is combined with the vessel 2 through

.a. connection or pipe 6 provided with a suction

valve 3f, which is kept in its position by a spring
22, From the vessel { there runs out a conduit 33
provided with the pressure valve 34 and through
the conduit 3a, the radiator 4 and the conduit
B¢ communicating with the vessel 2, suitably
thirough a pipe 35 finishing above the surface of
the liquid in the vessel 2.

When overpressure arises in the vessel |
through the vaporization the valve 34 will be lifted
and liquid stream from the vessel through the
conduit 3¢, 4, 5a¢, 35 or 386 until the vapor bub-
bles are condensed in the cooler zone of the ves-
sel i and then overpressure ceases and the valve
34 shuts. Due to the confinued condensation

underpressure is then rapidly created in the ves-

2,170,225

sel | which causes the valve 31 to open and lig-
uid to flow from the vessel 2 into the vessel |
and fill up the vacant space after the condensed
vapor bubbles. If an air chamber is used for
equalizing the changes in pressure, it should pref-
erably join the conduif 3a, 8, 5a between the
valve 34 and the vessel 2.

The apparatus according to Figure 4 has an
advantage over those shown in Figures 1 and 2
in that the liguid in the vessel 2 cbtains a lower
temperature. Hence the evaporation in the ves-
sel 2 from the surface of the liquid and, per-
haps, from the open jets in same will be less,
and therefore it is more seldom wanted to fill
liquid into the apparatus.

In Figures 3,5 and 6 some special embodiments
of the screen 8 are shown for use in vessels with
heating or introduction of vapor through the bot-
tom. In Figure 3 there is shown a screen 8 pro-
vided with an aperture or hole §{, covered with a
plate 82 of metal, asbestos, rubber or other suit-
able material, that is kept in its position by a
managing device, spring or the like 53. The
plate 52 operates as a valve that is lifted when
overpressure arises under the screen and gives
the vapor bubbles accumulated there free and
rapid passage through the hole 51 to the upper
space in the heating vessel {. The vacant space
after the bubbles is then rapidly filled with liquid
streaming in at some place of the outer border
of the screen and, perhaps, through the hole §f,
too, resulting in a mighty circulation of liquid
in the system. 'To the left in Figure 5 a screen
is shown provided at its circumference with a
vapor gathering space in the form of a torus
shaped protuberance 4{, and to the right a simi-
lar space formed by the screen plate being pro-
vided with a rim 42 at the border. 43 is a plate

~ of heat insulating material, for instance asbestos,

placed on the screening off plate 8 which is kept
at a certain distance from the bottom 9 by a
projection or an inserted layer 44 with an adapt-
ed height. In Figure 6 there is shown a calotie-
formed screen 8a, by which the collecting of the
vapor takes piace up in the cupola. In this case
the distance of the screen from the bottom 9
may be regulated by the screw 44a.

In Figure 7 an apparatus with a special form
of the screen is shown that is made as a mem-
brane 8b furnished with a valve 103 and divid-

ing the heating vessel into two separate spaces,

2 lower hot space {8! heated through the bot-
tom and an upper cooler space 182. The last-
mentioned space communicates with the vesssel
2 both by the direct connection % and the pipe
system 8, 4, 5. The membrane may be replaced
by another movable organ, for example bellows,
a piston or the like, and made from or covered
with a heat-insulating material. Through the
valve 183 communication can take place between
the two spaces in the vessel. . The valve (03 is
provided with a rod {84 on which a ring 148 can
move with the movements limited by the shoul-
ders {85¢ and 1850 on the rod. Normally the
valve is being kept pressed against its seat {1
in the membrane by means of two flat springs or
the like 128, set between said ring 188 and two
supports {48 fastened in the membrane. Be-
tween the ring {08 and the bottom 9 of the vessel
a coil spring or the like $87 with a chapes 106§
is applied. {12 are fixed supports in the vessel
limiting the movement of the ring {88 down-
wards. 113 is a spring or the like which normally
keeps the membrane in the position shown in the
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wards is compressed by the overpressure that
arises by the heating of the liquid in the space
under the membrane and exerts an increasing
counter-force on the membrane. 114 is a heat
insulating covering on the membrane, The rod
104 with the shoulders (85¢ and (050, the ring
108 and the springs 109 and 107 form a lifting-
and restoring-arrangement  for the valve 163
which in certain positions of the membrane rap-
idly changes the direction of the resultant of the
forces acting upon the valve, whereby a rapid
opening and shuftting of the valve is caused.

Finally Figure 8 shows a construction of the
apparatus according to the invention in which
a separate additional heating device for the: lig-
uid in the heating vessel is arranged to obtain
a comparatively high temperature on the ligquid
flowing out into the pipe system. Here the ad-
ditional heating device consists of a ring-formed
pipe 69 applied in such position in relation to the
heating vessel as to come in contact with the
flame from the burner T and its combustion gases.
Through a number of tubes 61 the liquid heated
in the pipe 60 streams up into the relatively cool
space- 102 above the screen and is replaced by
comparatively cool liquid from, that space. Nat-
urally the heating device may also have other
forms than that shown, for example as a pipe
coil, pipe spiral, flat-pipe or the like.
screen, mantle or the like of sheet metal, asbestos
or other suitable material which compels the
combustion gases against the outer wall 10 and
the upper border 11 of the vessel 1. In one or
both of these ways the liquid in the space 102 is
supplied with additional heat besides the heat
brought to it through the bottom. It has been
proved that by the application of such an addi-
tional heating device the efficiency of the whole
circulation apparatus has been raised by 20%
or more.. However, the heating of the liquid in
the space 102 may not be driven so far that boil-
ing occurs in this space, for then the pressure
changes would be rendered more difficult and by
that also the circulation in the system.

In the Figures 1, 2, 4, 7 and 8 the vessel 2 has
been shown placed above the vessel 1, but the
vessels may have any positions in -relation to
each other. However, it is advantageous to have
both the vessels positioned on a higher level than
the heating radiator 4.

Above the invention has been described mainly
in connection with a heat transmission system.
However, it may be used to advantage for effect-
ing transport of liquids for other purposes also,
for instance for cooling, in which case, for ex~
ample, the circulating liquid after the outlet from
the vessel 2 first is highly cooled and thereafter
in another device again takes up heat, i. e. effects
cooling in said device. In such a case a liquid of
low boiling point, for instance alcohol, may be
suitably used.

The invention is not limited to the methods
and apparatus above described or to the appa-
ratus and details shown in the drawings which
have been cited and shown by way of example
only, but comprises any methods and apparatus
in which the circulation between two vessels, of
which at least one is closed and provided with
a heating device and an arrangement dividing
the vessel into two zones or compartments of dif-
ferent temperatures, said vessels communicating
with each other by two separate conduits, is per-
formed by the aid of alternate overpressures and
underpressures in the closed vessel, effected in
a thermic way. ‘ : )
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What I claim ds new and desire to secure by
Letters Patent of the United States of Amer-
ica is:

1. Method of effecting circulation of a liquid
in a pipe system for heat transmission, cooling
and the like, consisting in producing in a thermic
way alternate overpressures and underpressures
in a closed vessel provided with a heating de-
vice the said vessel being divided into a high
liquid temperature zone and a low temperature
zone, the said overpressure resulting from the
evacuaticn of the liquid in the high temperature
zone into the ligquid of the low temperature zone,
the said underpressure resulting from the refilling
of the evacuated high temperature zcne by .the
liquid from the low temperature zone, the volu-
metric proportions of both high and low tem-
perature zones being such as to effectively con-
dense any vapor which is introduced from the
high temperature zone into the low temperature
zone, said vessel being connected to the pipe
system both directly and through a second ves-
sel, suitably higher placed than the first vessel,
s0 that a quantity of the liquid filling the pipe
system and the closed vessel completely and the
second vessel to a certain level is upon the pro-
duction of overpressure in the closed vessel
caused to move in desired direction first, from
ohe vessel to the other through the connection
between them which is arranged so as to allow
the liquid to flow from one vessel to the other

" but not in the opposite direction, and thereafter

through the pipe system.

2. Method of effecting circulation of a liquid
in a pipe system for heat transmission, ceoling
and the like, consisting in producing alternate
overpressures and underpressures in a closed ves-
sel provided with a heating device and connected
to the pipe system both directly and through a
second vessel, suitably higher placed than the
first vessel, by generating and condensing vapor
bubbles in the liguid in said closed vessel, so that
a quantity of the liquid filling the pipe system
and the closed vessel completely and the second
vessel to a certain level is caused to move in
desired direction first, from one vessel to the
other through the connection between them
which is arranged so as to allow the liguid to
flow from one vessel to the other but not in the
opposite direction, and thereafter through the
pipe system, said vaporization in the heating
vessel taking place in a zone of the vessel with
comparatively high temperature from which the
vapor bubbles stream into another cooler zone
in the vessel at least in part, whereby the vapor
bubbles are more or less completely condensed
and the vapor bubbles in the process of genera-
tion or growth are cooled and more or less com-
pletely condensed in the hotter zone by relatively
cool liquid streaming in from the ccoler zone.

3. Method of effecting circulation of a liquid
in a pipe system for heat transmission, cooling
and the like, consisting in producing alternate
overpressures and underpressures in a closed
vessel provided with a heating device and con-
nected to the pipe system both directly and
through a second vessel, by generating and con-
densing vapor bubbles in the liquid in said closed
vessel, so that a quantity of the liquid filling the
pipe system and the closed vessel completely and
the second vessel to a certain level is caused to
move in desired direction first, from one vessel
to the other through the connection between
them which is arranged so as to allow the liquid
to flow from one vessel to the other but not in
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the copposite direction, and thereaffer through
the pipe system, said vaporization in the heating
vessel taking place in a zone of the vessel with
comparatively high temperature from which at
least part of the vapor bubkles stream into an-
other cooler zone in the vessel, whereby the vaper
bubhkles are more or less completely condensed
and the vapor bubbles in the processs of genera-
tion growth are cooled and mors or less com-
pletely condensed in the hotter zone by rela-
tively cool liguid streaming in from the cooler
zone, the liquid in the cocling zone being addi-
tionally heated by the flame end/cr the com-
bustion gases from said heating device in.an
additicnal heating means in direct communica-
tion with said cooler zone.

4. Method of effecting circulation of a louid
in a pipe system for heat transmission, cooling
and the like, consisting in producing alternate
overpressures and underpressures in -a closed
vessel provided with a heatfing device and con-
nected to the pipe system both directly and
through a second vessel, by generating and con-
densing vapor bubbles in the liquid in said closed
vessel, so that a quantity of the liguid filling the
pipe system and the closed vessel completely and
the second vessel to a certain level is caused to
move in desired direction first from cne vessel
to the cther through the connection hetweszn
thiern which is arranged so as to allow the liquid
to flow. from one vessel to the other but not in
the opposite direction, and thereafter through
the pipe system, said vaporization in the heating
vessel taking place between its heating surface
and a screen placed at a suitable distance from
said heating surface, in order to uroducs large
vapor bubbles and thereby high overpressures
and underpressures in the vessel on the genera-
tion of the vapor bubbles and their condensation
in the vessel.

5. Apparatus for effecting circulation of a lig-
uid in a pipe system for heat transmission, cool-
ing and the like, comprising in combination, a
closed vessel with a heating device; a second
vessel; a conduit bketween the two vessels con-
sisting of the pipe system in circuit with a heat-
ing element in the form of a heat emitting device
in g heat emitting device; and ancther connec-
tion between the two vessels allowing a liquid
filling the pipe system and the closed vessel com-
pletely and the second vessel to a certain level
to flow from one vessel to the other but nct
in the opposite direction, said closed vessel in-
cluding an arrangement dividing the vessel into
a high liquid temperature zone and a low liquid
temperature zone, the volumetric proportions of
both high and low temperature zones being such
as to effectively condense any vapor which is
introduced from the high temperature zone into
the low temperature zone.

6. Apparatus for effecting circulation of a lig-
uid in a pipe system for heat transmission, cool-
ing and the like, comprising in combination, a
closed vessel with a heating device in the form
of a generator for easily condensable vapor or
gas; a second vessel, suitably open and higher
placed; a conduit between the two vessels con-
sisting of the pipe system in circuit with a heat-
ing element in the form of a heat emitting
device in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed ves-
sel completely and the second vessel to a certain
level to flow from one vessel to the other but
not in the opposite direction said closed vessel
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including an arrangement dividing the vessel
into a high liguid temperature zone and a low
liquid temperature zone, the volumetric propor-
tions -of both high and low temperature zones
being such as to effectively condense any vapor
which is introduced from ths high temperature
zone into the low temperature zone.

7. Apparatus for effecting circulation of a lig-
uid in a pipe system for heat transmission, cool-
ing and the like, comprising in combination, a
closed vessel with a heating device; a second ves-~
sel; a conduit between the two vessels including
the pipe system and connected to a heating ele-
ment in a heat emitting device; and another con-
nection between the two vessels allowing a liquid
filling the pipe system and the closed vessel com~
pletely and the second vessel to a certain level
to flow from one vessel to the other but not in
the opposite direction; said closed vessel includ-
ing a screen placed at ‘a suitable distance from
the surface of the vessel where heat is supplied
and dividing the vessel into two communicating
zones with different temperatures of the liquid,
thereby causing the formation of large vapor
bubbles in the liquid on heating same in the
vessel.

8. Apparatus for effecting circulation of a lig-

~uid in a pipe system for heat transmission, cool-

ing and the like, comprising in combination, a
closed vessel with a heating device; a second
vessel; a conduit ‘between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liguid filling the pipe system and the closed vessel
completely and the second vessel to a certain level
to flow from one vessel to the other but not in
the opposite direction; and an additional heating
means; said closed vessel including a screen
placed at a suitable distance from the surface of
the vessel where heat is supplied and dividing the
vessel into two communicating zones with differ-
ent temperatures of the liquid, thereby causing
the formation of large vapor bubbles in the lig-
uid on heating same in the vessel; the cooler zone
of said closed vessel communicating with said
additional heating means so that the liquid of
said zone may be additionally heated in said
means.

9. Apparatus for effecting circulation of liquid
in ‘a pipe system for heat transmission, cooling
and the like, comprising in combination, a closed
vessel with a heating device; a second vessel; a
conduit between the two vessels including the
pive system and connected to a heating element
in a heat emitting device; and another connec-
tion between the two -vessels allowing a liquid
filling the pipe system and the closed vessel com-
pletely and the second vessel to a certain level to
flow from one vessel to the other but not in the
opposite direction; said closed vessel including a
screen placed at a suitable distance from the sur-
face of the vessel where heat is supplied, dividing
the vessel into two communicating -zones with
different temperatures of the liquid and thereby
causing the formation of large vapor bubbles in
the ‘liquid on heating same in the vessel; said
screen being shaped as a plate, preferably plane,
and of stich a size in relation to the heating vessel
that the vacant -space after the vapor bubbles
leaving the screened off hotter zone may be rap-
idly filled by liquid streaming in from the other
cooler zone. )

10. Apparatus for effecting circulation of a
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cooling and the like, comprising in combination,
a, closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to-a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed vessel
completely and the second vessel to a certain level
to flow from one vessel to the other but not in the
opposite direction; said closed vessel including a
screen placed at a suitable distance from the
surface of the vessel where heat is supplied, divid-
ing the vessel into two communicating zones with
different temperatures of the liquid; said screen
being shaped as a plate, preferably plane, and
provided with a rim for accumulating the vapor
bubbles formed in the liquid between said sur-
face and the screen to large bubbles. i

11, Apparatus for effecting circulation of a
liquid in a pipe system for heat transmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; -and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed
vessel completely and the second vessel to a cer-
tain level to flow from one vessel to the other but
not in the opposite direction; said closed vessel
including a screen placed at a suitable distance
from the surface of the vessel where heat is sup-
plied, dividing the vessel into two zones with
different temperatures of the liquid; said screen
being provided with an aperture and dimensioned
in such a way in relation to the heating vessel
that the vacant space after the vapor bubbles
leaving the screened off hotter zone may be rap-
idly filled by liquid from the other cooler zone
through said aperture and the interspace be-
tween the screen and the vessel.

12. Apparatus for effecting circulation of a lig-
uid in a pipe system for heat transmission, cool-
ing and the like, comprising in combination, a
closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liguid filling the pipe system and the closed vessel
completely and the second vessel to a certain level
to flow from one vessel to the other but not in
the opposite direction; said closed vessel includ-
ing a screen placed at a suitable distance from
the surface of the vessel where heat is supplied,
dividing the vessel into two communicating
spaces with different temperatures of the liquid;
sald screen being provided with a hole covered by
a plate acting as a valve between the screened
off hotter space between said surface and the
screen and the other cooler space in the vessel.

13. Apparatus for effecting circulation of a
liquid in a pipe system for heat transmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed ves-
sel completely and the second vessel to a certain
level to flow from one vessel to the other but
not in the opposite direction; said closed vessel
including a screen placed at a suitable distance
from the surface of the vessel where heat is

7

supplied, dividing the vessel into fwo commu-
nicating spaces with different temperatures of
the liquid; said screen being made at least in
part of heat-insulating material so as to decrease

the heat losses from the screened off hotter space -
to the cooler space in the vessel.

14, Apparatus for effecting circulation of a
liquid in a pipe system for heat fransmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
elernent in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system. and the closed ves-
sel completely and the second vessel to a cer-
tain level to flow from one vessel to the other
but not in the opposite direction; said closed
vessel including a screen in the form of a mov-

able member, placed at a suitable distance from

the surface of the vessel where heat is supplied
and dividing the vessel into two separate spaces
with different temperatures of the liquid; said
member being provided with a valve allowing
communication between the hotter space and
the other cooler space in said vessel; said latter
space being connected with said second vessel
through both the last-mentioned connection and
the pipe system.

15. Apparatus for effecting circulation of a lig~
uid in a pipe system for heat transmission, cool~
ing and the like comprising in combination, a
closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed ves-
sel completely and the second vessel to a.certain
level to flow from one vessel to the other but
not in the opposite direction; said closed vessel
including a screen placed at a suitable distance

from the surface of the vessel where heat is sup-.

plied, dividing the vessel into two communicat-
ing spaces with different temperatures of the
liguid; said conduit being provided with a valve,
suitably placed near the inlet to the heating ves-
sel, allowing the liquid to flow into said vessel
when underpressure is prevailing in same, but
not to flow in the opposite direction when over-
pressure is prevailing in same.

16. Apparatus for effecting circulation of a lig-
uid in a pipe system for heat transmission, cool-
ing and the like, comprising in combination, a
closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heat-
ing element in a heat emitting device; and an-
other connection between the two vessels allow-
ing a liquid filling the pipe system and the closed
vessel completely and the second vessel to a cer-
tain level to flow from one vessel to the other
but not in the opposite direction; said closed
vessel including a screen placed at a suitable
distance from the surface of the vessel where
heat is supplied, dividing the vessel into two com-
municating spaces with different temperatures
of the liquid; said latter connection being car-
ried out as a pipe with one or more openings
placed higher than the normal upper level of
liguid in said second vessel.

17. Apparatus for effecting circulation of a
liquid in a pipe system for heat transmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
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vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed ves-
sel completely and the second vessel to a certain
level to fiow from one vessel to the other but
not in the opposite direction; said closed vessel
including a screen placed at a suitable distance
from the surface of the vessel where heat is
supplied, dividing the vessel into two communi-
cating spaces with different temperatures of the
liquid; said latter connection comprising a pipe
with a valve which on pressure being changed
in the heating vessel allows the liquid to flow
from one vessel to the other but not in the op-
posite direction.

18. Apparatus for. effecting circulation of a
liguid in a pipe system for heat transmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; and another
connection between the two vessels allowing a
liquid filling the pipe system and the closed ves-
sel completely and the second vessel to a cer-
tain level to flow from one vessel to the other
but not in the opposite direction; said closed
vessel including a screen placed at a suitable
distance from the surface of the vessel where
heat is supplied, dividing the vessel into two
communicating spaces with different tempera-
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tures of the liquid; said conduit being provided
with a valve, preferably placed near the outlet
from the heating vessel, allowing the liquid to
flow from-said vessel out into the conduit to said
heat emitting device when overpressure is pre-
vailing in said vessel, but not to flow in fthe
opposite direction when underpressure is prevail-
ing in same.

19. Apparatus for effecting circulation of a
liquid in a pipe system for heat transmission,
cooling and the like, comprising in combination,
a closed vessel with a heating device; a second
vessel; a conduit between the two vessels includ-
ing the pipe system and connected to a heating
element in a heat emitting device; another con-
nection between the two vessels allowing a lig-
uid filling the pipe system and the closed vessel
completely and the second vessel to a certain
level to flow from one vessel to the other but
not in the opposite direction; said closed ves-
sel including a screen placed at a suitable dis-
tance from the surface of the vessel where heat
is supplied, dividing the vessel.-into two commu-
nicating spaces with different femperatures of
the liguid; and a pumping arrangement com-
prising a movable organ, for instance bellows,
preferably connected to said heating vessel, by
means of which the pressure changes in the cir-
culation apparatus resulting from the heating
of said vessel may be used for delivering me-
chanical work.

NILS WILHELM UNGE.
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