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condenser to the boiler, when the device is in use, by
expansion of a compressible medium stored in the con

denser, which medium is additionally compressed by
the vapor of the working ?uid when the device is in use.
In one embodiment the heat source for the boiler or the
boiler itself is a solar collector.

7 Claims, 15 Drawing Figures
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DEVICE FOR PASSIVE HEAT TRANSPORT AND

bottom end 5 of the tube opens into the lower part of the
condenser 3. The boiler 1, which is thermally connected

INTEGRATED SOLAR COLLECTOR
INCORPORATING SAME

liquid 6 having a relatively low boiling point so that the

to a heat source as will be described later, contains a

upper part of the boiler will be ?lled, at a given temper
ature, with the vapour of the liquid.

This is a division of application Ser. No. 286,664 ?led

The upper part of the condenser 3 is arranged to

July 24, 1981, now abandoned.

contain an inert, immiscible, non-condensable gas 7 or a

BACKGROUND OF THE INVENTION
1. Field of the Invention

condensable gas whose liquid has a vapour pressure

w higher than that of the liquid 6.

,

When the liquid 6 in the boiler 1 is heated suf?ciently,
its vapour completely ?lls the upper part of the boiler

The present invention relates to a device suitable for

transporting heat in any direction and particularly
downwards without the use of additional energy other

than the heat energy picked up by heat source, e.g. by
an integrated solar collector.
2. Prior Art
The Applicants are aware of the following patents:

and then goes downwards through tube 2 into the con
denser 3 where it condenses and accumulates. The con
15

denser 3 is thermally connected to a heat user, (not

shown for simplicity). The volume of the liquid 6 in the
condenser increases and compresses the inert gas 7 in

U.K. Nos. 2,003,596, 1,558,551, and 1,541,221, and U.S. )

the upper part of the condenser. When the heat source

Pat. Nos. 4,089,366 and 3,951,204.

stops heating the boiler, and the boiler cools down, the

SUMMARY OF THE INVENTION
In accordance with the present invention there is

20 compressed inert gas 7 forces the liquid 6 in the con

provided a device for passively transporting heat from
a heat source to a heat sink, which device comprises a

denser, upwards through the tube 2, into the boiler,
where it stays as long as the boiler is below its previous

working temperature.

In one embodiment of the present invention, as will
boiler for heating a working ?uid, a container for con 25 be explained later, the boiler is thermally connected to
densing the vapour of the heated working ?uid, means
a solar collector as its heating source so that, during the
for transferring the said vapour from the boiler to the
day the liquid 6 ?ows downwards, as vapor, and during
condenser, and means for transferring the working ?uid
the night, upwards, in such a way that the system is
from the condenser to the boiler, the said working ?uid
typically discontinuous.
'
being compelled from the condenser to the boiler, when
In FIG. 2 there are shown four embodiments of the

the device is in use, by the expansion of a compressible
medium stored in the condenser, which medium is addi
tionally compressed by the vapours of the working ?uid
when the device is in use.

In a preferred embodiment of the present invention
either the heat sources for the boiler or the boiler itself
is constituted-by a solar collector.

present device, all using the principle described above.
In the embodiment shown in FIG. 2a, the condenser 3
is provided with bellow units 8 containing a spring 9
and an amount of the same liquid more than suf?cient to

?ll the empty space of the bellows with its vapour.
When the boiler is cooled, the tension of the spring, at
its maximum compression, forces the liquid 6 stored in
the condenser, upwards through the tube 2 and into the

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be illustrated, by way 40 boiler.
In FIG. 2b, it is the condensible or inert gas 7, to
of example, with reference to the accompanying draw
gether with the vapour coming from some working
ings, in which:
liquid placed behind the piston 10 that acts on the piston
FIG. 1 shows a device illustrating the principle of the
in order to force the liquid 6 back into the boiler 1. In
invention, taken in a vertical section,
FIG. 20, the gas is contained together with the vapour
FIGS. 2a-2d show some different devices all using
the same principle as the device in FIG. 1,

‘

FIG. 3 shows a device of the present invention in its

full working mode,
FIG. 4 shows a further embodiment of the device of
FIG. 3; with FIGS. 4a, 4b and 4c showing different
examples of boiler construction,

'

FIGS. 5a and 5b are sketch graphs illustrating the
behaviour of a described device under different operat
ing conditions,

'

FIG. 6a shows an integrated solar collector incorpo
rating a device of the present invention,
FIG. 6b is a sectional vertical view of the collector of
FIG. 6a, and
FIG. 7 shows for further embodiment of the solar
collector of FIGS. 60 and 6b.

DETAILED DESCRIPTION OF PREFERRED
.

EMBODIMENTS

In its simplest form shown in FIG. 1, the device of the
present invention consists of two containers; an upper 65

of some working liquid in a closed volume which is
sealed by a membrane 11 or also a bellows permitting

the variation of the volume itself. In the condenser of
FIG. 2d when a condensible gas 7 is used, it generates
an immiscible, liquid-layer 12 which overlies the liquid
6, since the liquid condensed from the gas 7 is arranged
to have a density less than that of liquid 6.
In the described examples, the use of a condensible
gas allows a reduction of the condenser volume com
pared with the use of non-condensible gas. When con

densed, its liquid has, at the temperature of the con
denser, at least a vapour pressure equal to the difference

of the vapour pressure of the working liquid 6 at the
boiler and condenser temperatures.

The principle operating in the described devices is
the fact that the liquid 6 boils in the boiler 1 at a temper
ature high enough to overcome by virtue of its vapour

pressure the force generated by the energy accumulator

present in the condenser 3 (i.e. spring, piston, etc. plus
the vapour of the working liquid at the temperature of

tube 2 to a lower condenser 3. The top end 4 of the tube

the condenser), and it is just this force which, when the
boiler cools down, acts on and pushes the liquid 6 back

2 opens into the upper part of the boiler 1, while the

into the boiler 1.

boiler 1, containing a suitable liquid 6, connected by a

3
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In the embodiments shown, when transferring the
heat downwards, the vapour flows down, condenses in
the lower heat exchanger and accumulates as liquid in
I _ the condenser, thus compressing the gas or the other

medium contained therein. In the case of the embodi
ment containing a non-condensible gas, if the volume of

the condenser is made a few times (e.g. 2 to 5 times)

larger than the volume of the liquid expected to be
displaced, the partial pressure of the gas will increase
only slightly, thus only requiring a slight increase in the

4

Other ?uids with relatively lower vapour pressures at
room temperature can be used when the desired tem

perature is higher, or when the difference in levels be
tween the boiler and condenser is only a few meters.

Other examples of suitable ?uids, without being re

strictive to these, are: sulphur dioxide, ethylene oxide,

ethylamine, pentane, acetone, methanol, ethanol, water,
etc.

‘

An important property which the working liquid 6

should have is a high heat of evaporation, in order to
boiling temperature of the liquid for same condenser
avoid too large a volume for the boiler and particularly
temperature. When the heat supply to the boiler ceases,
for the condenser. These volumes can be reduced if the
the boiler cools down and the pressure existing in the
cycles are made shorter. In the case of solar energy
condenser makes the liquid rise back to the boiler, mak
applications, an artificial, intermittent cooling of the
ing the system ready for a new cycle.
15 collectors can be obtained by putting a body or shield in
front of a row of collectors at a suitable distance there
A peculiar property of the present device, is that it
starts to work automatically, transferring heat from top
from. The shadow of this shield sweeping over the
to bottom, as soon as the temperature of the boiler is a
collectors during the day, creates as many cooling
few degrees higher than the temperature of the con , down periods as desired.
A similar device was disclosed by O’Hanlon in the _
denser; hence when applied to solar heat collectors, the 20
collector itself is at the lowest possible working temper
US. Pat. No. 4,089,366 (1976). That device was also
ature with a bene?cial effect on the heat collection

constituted by a boiler in the upper position, a con

ef?ciency of the system. Being a system based on the
transport of vapours, and having a negligible pressure

denser in the lower position and a tube connecting the
boiler to the condenser; the working ?uid was said to be
drop inside the connecting tube, the present device is. 25 sulphur dioxide. In that device the recharge of the con
practically isothermal from the boiler to the ?rst part of
densed liquid up to the boiler is obtained by the vapour
the condensor; any temperature differences between the
pressure of the liquid contained in the condenser/reser
boiler and the condenser being available in the con
voir. In order to achieve this result the boiler has to cool
denser itself to promote heat transfer from the con
down to a temperature much lower than the condenser,
denser to, the heat storage medium.
'30 such that the difference between the vapour pressure of
In order for the device to operate, the partial pressure
sulphur dioxide in the condenser and in the cool boiler
of the gas in the free volume of ‘the empty condenser
is at least equal to the hydrostatic pressure created by
must be at least equal to the hydrostatic pressure pro
the column of liquid sulphur dioxide bet'ween boiler and
.duced by the column of liquid in the tube connecting
condenser.
the boiler to the condenser. The system is de?ned once 35
In the device here described the presence of a pres
the difference between the boiler and condenser levels
surizing medium, besides the vapour pressure of the
is ?xed.
condensed ?uid, is useful for assuring the re?lling of the

From the speci?c gravity of the liquid chosen, the
boiler, and it would be particularly useful in summer,
minimum partial pressure of the inert gas in the empty
when the decrease of temperature at night might be
condenser is determined, and this pressure plus the 40 insuf?cient to create the necessary pressure unbalance
vapour pressure of the working liquid at the tempera
to recharge the boiler, and the increased working tem
ture of the condenser then determines the lowest tem
perature of the boiler (due to the presence of the pres
perature at which the boiler begins to work. During the
surizing medium) can be easily tolerated during the day.
condensation process, the temperature of the environ
In FIG. 3, another embodient of the device of the
ment surrounding the condenser may increase slightly, 45 present invention is shown wherein the bottom extrem
and the partial pressure of the inert gas, now com

pressed into a smaller volume, also increases. Depend
ing upon the desired maximum temperature around the
condenser, and the ratio between the empty condenser
volume and the volume remaining for the inert gas
when all the working liquid is in the condenser, it is
possible to compute the maximum temperature of the
boiler towards the end of the evaporation process.
If, as could be the case for solar energy applications,
the difference of levels between the boiler and the con
denser is, for example, 10 m, and the maximum desired

condenser temperature is 30° C., the working liquid
should have few bars vapour pressure at room tempera
ture in order to increase by only a few degrees the

ity of the tube 2 is formed into a coil 13 for better con
densation of the vapour before it enters the condenser;
the coil and condenser being placed within a heat stor
age unit 14.
The devices hereinbefore described are typically

discontinuous, with the advantageous feature of having
no mechanical moving parts.
In FIG. 4 an embodiment of the present device is
shown which may be termed “semi-continuous”.
The starting point is a device as per that already
described. This device now contains a second tube 15,

of small diameter, connecting the condenser 3, at its
lowest point, to the upper part of the boiler, and having
a particular one-way shut-off valve 16, preferentially

boiler temperature from the beginning to the end of the 60 located near or inside the boiler itself. This valve allows
evaporation process.
the ?ow of liquid only from the condenser 3 to the
A liquid ful?lling these requirements is e.g. ammonia.
boiler 1. This valve requires a positive pressure differ
For a difference of levels of 10 m, the partial pressure of
ence before opening, but it is arranged to remain open
the inert gas will be about 1 bar. If the volume of the
until the pressure is nearly the same on both sides of the
condenser is twice the volume of the boiler, the ?nal 65 valve. Only after this condition has been reached will it
partial pressure of the inert gas will be about 2 bars, and
close again. Valves of this kind are already in current
for a condenser temperature of 30° C., the boiler at the
use. A further simple one-way valve 17 is placed at the
end will be at 37° C.
end of tube 2 conveying the vapours from the boiler to

4,467,862
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the reservoir, thus allowing the ?ow of liquid only from
the boiler to the reservoir.
A further; small modi?cation is a certain enlargement
18 of the tube 2, just before the cooling coil 13 of the
condenser.
In the embodiment of FIG. 4, a version with the ‘inert

gas in direct contact with the working liquid is shown.

6

tion surface only after it is ?ooded. This latter version is
more suitable for applications when the heat supply to
the boiler can be discontinuous: in fact it can happen
that the cooling down of the boiler causes the recharge

of the liquid from the condenser, but that the amount of

that liquid is not sufficient for triggering the discharge
of the siphon. The same result can however be reached

by adopting a siphon having two discharging tubes see
All the other means of energy accumulation as de
FIG. 4b, one 150 relatively large and empty, for a rapid
scribed for the discontinuous device can also be consid
ered.
10. discharge in the usal siphon mode, and the other tube
15b ?lled with a capillary structure and able to trigger
Referring to FIG. 4, let us suppose that the liquid 6 is
the discharge also when the container of the siphon is
in the boiler and is boiling. If some inert gas 7 reaches
not full of liquid.
_
the boiler, it is transported together with the vapours
A similar device is already disclosed in the British
through the condenser and ?nally into the empty space
of the reservoir itself. During the evaporation/conden 15 Pat. No. 1,558,551 (deposited ?rst as Belgian Pat. No.
851734) and in the successive Brevet de Perfectionne
sation process, all the circuit has the same pressure,
ment, Belgium, No. 867468. That device was mainly
corresponding to the vapour pressure of the ?uid at the
intended for weightless applications, but it can work
temperature of the boiler, the one-way valve 17 is nor
also against gravity, and it was conceived for keeping
mally open and the other valve 16 is closed. When

nearly all the liquid 6 has boiled out of the boiler, the 20 constant the temperature of some components (and so
also the temperature of the boiler) regardless from the
rate of evaporation becomes smaller than the rate of
temperature of the condenser. In that device there are
condensation and the pressure in the boiler decreases.
the boiler, the condenser, the reservoir and the two
At this point, the one-way valve 17 closes, and the ?rst
non-return valves. The pressure for assuring the passage
part of the condenser (the enlarged portion 18 of the
tube 2) behaves as a cold trap for condensing the resid 25 of the liquid from the reservoir to the boiler is provided
by a pressurizing gas con?ned behind a bellows, and
ual vapours coming from the boiler. When the boiler is
held at a pressure as constant‘ as possible.
_
dried out, the pressure in the boiler is reduced to the
In the device of the present invention, when a bel
vapour pressure of the liquid at the temperature of the
lows is used, together with the pressurizing gas there is
condenser. Just before reaching this condition, the pres
sure difference between the condenser (still at the pres 30 always a sufficient amount of the working liquid, be
cause it is an essential feature of this device that the
sure reached during the period of normal evaporation)
actual working pressure is not held constant but it is the
and the boiler, now much lower, is suf?cient to open the
sum of the partial pressure of the gas and the vapour
shutoff valve 16. The pressure of the inert gas in the

pressure of the working liquid at the temperature of the
condenser then pushes the liquid back from the con
denser to the boiler, and the system can continue its 35 condenser.
The presence of some working liquid together with
work of transporting another quantity of heat down
wards.

-

.

The system is able to recharge the liquid from the

the pressurizing gas is the cause of a quite different

behaviour between the two devices, making the one,
the object of the present invention, much more suitable

condenser to the boiler as soon as the pressure in the
boiler decreases; be it due to a lack of liquid or to a lack 40 for solar heat applications.

of heat supply.
If speci?cally designed, the system could also be

'

In fact when there is only the pressurizing gas behind
the bellows, the pressure difference available for re

charging the liquid into the boiler is given by the differ
made to operate in a pulsating mode. Depending on the
ence between the constant pressur of the gas and the
temperature reached by the boiler during the ?nal mo
ments of its drying out, it can happen that the ?rst drops 45 vapour pressure of the working liquid at the tempera
ture of the condenser. When this temperature increases,
of liquid reaching the hot boiler cause a rapid increase
as it is required in solar heat application, the lifting
of pressure of the boiler, suf?cient to close the shut-off
capacity is more and more reduced and can become
valve 16 before the bulk of the liquid has reached the
insuf?cient for re?lling the boiler. To assure this re
boiler.
The mode of functioning of the valve 16, with a hys 50 charging the constant gas pressure must be set at a high
value; obliging the boiler to be always at a high temper
teresis as large as desired between opening and closing,
is such that it will assure a suf?cient recharging of the
liquid in the boiler. This hysteresis which causes a
higher AT between boiler and condenser, can be re’

ature with a reduced efficiency when it is coupled to a
solar heat collector.

vice, assuring a two-step charging of the liquid in the

available for recharging the boiler is always equal to the

boiler is utilized at the same time. The goal to be
reached is the avoiding of an immediate contact be

same temperature as the condenser), and this will be set

On the other hand, when the pressurizing gas is com
duced and eventually brought to zero if a suitable de 55 bined with some working liquid, the pressure difference

tween the recharged liquid and the hot walls of the
boiler. This can be obtained, for example as shown in
FIGS. 4a, 4b and 4c, by feeding the liquid into a small
container or tray 1a inside the boiler having a very
small heat ‘capacity and having a bad thermal connec
tion with the boiler walls.
The apparatus assuring a two-step charging can also 65
be a siphon, or simply a container with a small leak or

hole 112 therein and a piece of absorbing material 1c
under it, that will allow the liquid to reach the evapora

partial pressure of the gas, (keeping the reservoir at the

just to the minimum value corresponding to the hydro
static head. The result is that the device is always capa
ble of recharging the boiler, regardless of the condenser

temperature, and equally importantly, the temperature
of the boiler will be lower when the condenser tempera
ture is also low.

Two sketch graphs illustrating the different behav
iours of the two systems when a given amount of sub
stance is heated are shown in FIGS. 50 and 5b. In FIG.
5a the condenser and the boiler are used without a
14

7
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working liquid with the pressuring gas, whilst in FIG.

For example, for rendering the device more flexible,

5b they are used with a working liquid with the pressur

the boiler or the condenser or both may be arranged to
have a variable volume.
I claim:

ing gas.
It will be seen that whereas in the former case the

1. A device for passively transporting heat in any

boiler temperature is always high and a limiting temper

direction, particularly downwards, from a heat source
to a heat sink, which device comprises a boiler having
walls for heating a working ?uid, a container for con
densing vapour of the heated working fluid, means for

ature Tc is reached for the condenser temperature be
yond which the system will not operate, no such boiler
condition or condenser limit occurs with the later case.

FIG. 6a and 6b schematically show an example of the
application of the device of the present invention to a
conventional solar collector 19.

transferring the said vapour from the boiler to the con

denser, means for transferring the working ?uid from
the condenser to the boiler, the said working ?uid being
compelled from the condenser to the boiler, when the
device is in use, by expansion of a compressible medium
stored in the condensor, which medium is additionally
compressed by the vapour of the working ?uid when

The solar collector comprises a dark surface 20, pro
tected by a transparent cover 21 and backed by a ther
mal insulation 22. The surface 20 contains tubes 24

through which the working ?uid ?ows, and in this case,
the fluid is the same working ?uid 6 used in the devices
for the downwards transport of heat.

Here the liquid boils during its passage through the
tubes of the solar collector, additionally enhancing its

the device is used, said transfer means for the vapour

and for the working fluid being provided with self
. actuated one-way control valves and means in said
20 boiler to prevent immediate contact between the work- I

ing ?uid entering the boiler and said walls of the boiler.

circulation, and the vapour and the liquid reach the
upper part of the collector where they then enter the
boiler for separation of the vapour and the liquid to

2. The device as claimed in claim 1 wherein the
means for transferring the vapour from the boiler to the
condenser, and the means for transferring the working
occur. The vapour, as in the previously described de 25 ?uid from the condenser to the boiler, are tubes.
3. A device as claimed in claim 2 wherein the tube for
vices, ?ows downwards to the condenser (not shown),
transferring vapour from the boiler to the condenser has
and the liquid returns to the solar collector via tubes 23
a portion of the tube in the form of a cooling coil.
in the collector for a further partial evaporation.
4. A device as claimed in claim _2 wherein the tube for
In the embodiment shown in FIG. 7, the solar collec-_
transferring ‘vapour from the boiler to the condenser
tor 25 itself constitutes the boiler and vapour/liquid
contains an enlarged portion.
'
separator. In this case, the collector is in the form of a
5. A device as claimed in claim 2 wherein the tube for
?at container, horizontally disposed and having
transferring vapour from 'the boiler to the condenser
towards its centre, the tube 2 for conveying the vapours
contains an enlarged portion and a portion in the form
produced in the boiler/collector to the condenser.
'
35 of a cooling coil associated therewith.
While the present invention has been illustrated and
6. A device as claimed in claim 1 wherein the com
described with reference to specific embodiments
pressible medium in the condenser contains a gas com
thereof, it is to be understood that numerous changes
patible with the working liquid.
and modi?cations may be made therein without depart
7. A device as claimed in claim 6 wherein the said gas
is a mixture of condensable and non-condensable gas.
ing from the scope of the invention as de?ned in the
I?

appended claims.
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