PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
’ International Bureau

£A0O3Y /6

A

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3: (11) International Publication Number: WO 81/00574
' Al
CO9K 5/00; F24D 11/00; F24H 7/02 (43) International Publication Date: 5 March 1981 (05.03.81)
(21) International Application Number:  PCT/SE80/00212 (81) Designated States: AT (European patent), CH (Euro-
pean patent), DE (European patent), FR (European
(22) International Filing Date: 19 August 1980 (19.08.80) patent), GB (European patent), JP, NL (European pat-
ent), US. .
(31) Priority Application Number: 7907021-5
Published
(32) Priority Date: 22 August 1979 (22.08.79) With international search report
In English translation (filed in Swedish)
(33) Priority Country: SE
(71) Applicants; and

(72) Inventors: CARLSSON, Bo [SE/SE]; Murkelvigen 118,
S-184 00 Akersberga (SE). STYMNE, Hans [SE/SE];
S. Skogsrundan 21, S-184 00 Akersberga (SE). WET-
TERMARK, Gunnar [SE/SE]; Lundblads vig 12, S-
182 33 Danderyd (SE).

(74) Agent: SODERSTROM, Bengt; Styrelsen for Teknisk ut-
veckling (STU), Box 43200, S-100 72 Stockholm (SE).

(54) Title: A METHOD AND APPARATUS FOR STORING HEAT

(57) Abstract

Method and apparatus for storing heat in a
heat-of-fusion storage medium, e.g. a salt hydrate,
and heat exchange and mixing in conjunction with
taking heat from the storage medium. In a closed
system including a vapor chamber (5), and a cham-
ber for a solid/liquid phase, the storage medium (2,
4) is brought into direct contact with a substance (3)
having the capacity of taking up heat from the stor-
age medium by being vaporized. Vapor goes over to
the vapor chamber (5), and when taking out heat
from the system, the vapor is caused to condense
and the condensate to return to the storage medium.
The substance shall have insignificant solubility in
the storage medium and a density which is higher, or
equal to the density of the storage medium liquid
phase. Suitable combinations of storage medium
and substance are such as calcium chloride hexahyd-
rate and trifluorotrichloroethane or Glauber’s salt 3
and octafluorocyclobutane,
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A method and apparatus in storing heat

The present invention relates to a method of forming heat
exchange and mixing in a system for storing and taking out
heat by melting and crystallization of one or more
chemical compounds. The invention also relates to an

apparatus for carrying out the method.

The utilization of the fusion heat in chemical compounds
for storing energy affords large advantages, and a number
of systems for this purpose are known from the literature.
Compounds melting at temperatures slightly above room
temperature (30-4OOC) are particularly interesting for
heating dwellings. In the use of solar heat or heat pump
systems, substantially higher system efficiencies and
storage densities are generally obtained than what would
be the case if water, for example, were used as the heat
storage medium.

Several easily obtainable salt hydrates, e.qg. Na2504‘10H20
(Glauber's salt) and CaClz'eHzo, have appealing
characteristics in this connection. Salt hydrates are not
one-component systems however, which results in the risk
of forming undesired phases whereby the reversibility in
the fusion-crystallization transitions can be lost, with
deteriorated heat storage capacity as a result. The
reversibility is most often connected with whether the

material melts congruently or incongruently. With in-

‘congruent melting two solid phases of different density occur

simultaneously, and the phase separation which thereby can
occur generally leads to a complete crystallization
transition not being able to take place.

Several methods have been used to prevent or inhibit this
type of phase separation. Effective mixing is a method by
which the systems can be made to work reversibly.
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The same problem can also occur with component systems
melting congruently. Concentration gradients can namely
occur in the melt and result in a concentration increase
of the salt in the bottom of the layer with the risk of
forming undersired phases. The concentration gradients can
be inhibited by suitably forming the heat exchangers in
such a way that a self-convective agitation is achieved in
the system. In some applications it would however be
desirable with another type of mixing.

The heating power in charging and taking off energy in a
heat-of-fusion store is determined by the melting and
crystallization rate, which can most often be made
completely independent of the heat transport to and from
the store by suitable dimensioning of the heat exchanger.
During melting, the transport of heat is limited mainly by
convection in the ligquid phase, and will thereby become
more effective than during the crystallization, when heat
transport is generally made more difficult by the heat
exchanger being covered all the time by the solid phase
formed. To reach a good rate of heat transfer when taking
off heat, it is therefore required that either the heat
exXchanger surface is very large or that it can be kept
free from salt crystals. The simplest way of providing
large heat exchanger surfaces is to encapsulate the
storage medium in smaller wunits. The encapsulating
material itself can then constitute a heat exchanger. The

method is expensive however, and therefore less suitable

-for large units which are adapted to storing heat during a

long period of time.

Another method of ensuring large heat exchanger surface is
to apply the principle of direct heat exchange liquid-

PCT/SEB0/00212

liguid and use a liquid as heat transfer medium which is

not miscible with the storing medium but can be brought
into intimate contact with the latter even so. The

principle was applied by Etherington as yearly as 1957 (T.
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L. Etherington: "Heating, Piping and Air Conditionihg", D-
147, Dec. 1957). As a heat transfer medium he used a light
mineral oil which in a dispersed form was pumped in from
the bottom of a heat store comprising an aqueous solution
of disodium hydrogen phosphate. At the same time as he
obtained a large heat exchanger surface, he also achieved
an effective mixing in the storage medium in this way.
Later attempts with other salts have shown that the method
has many advantages, but pumping oil round can be
associated with problems. Thus, there is the risk that the
circulation can be blocked by growing salt crystals or
that the oil emulsifies and thereby gives rise to the salt
solution being transported round in the outer system. A
principle disadvantage with the method is that the heat
exchange requires considerable temperature drop due to the
pumping speed of the oil not being able to be put too high.

The object of the present invention is to provide a method
for heat exchange to a heat-of-fusion storage system,
requiring small temperature differences and simultaneously
allowing simple regulation of the power output.

A further object of the invention is to enable the use of
incongruently melting salts for storing heat by ensuring
that equilibrium is maintained with the aid of effective
mixing in the salt system. In certain applications, mixing
is necessary for congruently melting systems also.

According to the invention, this is provided by a method

-and an apparatus having the distinguishing features dis-

closed in the patent claims.

In accordance with the inventions, there is added to the
heat-of-fusion storage medium a substance which on
crystallization takes up heat from the storage medium by
vaporization. This heat is subsequently given off by
condensation of the vapor. This substance is then recycled

in condensed form to the storage medium. The substance
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will have minor solubility in the heat storage medium, and
its condensed phase will have a density which is equal to,
or greater than the density of the liquid phase of the
heat storage medium. The gas phase will substantially
comprise the vapor of the added substance, whereby boiling
and thereby mixing is achieved in the storage medium.
Among suitable heat storage media and substances there can
be mentioned such combinations of salt hydrates and
halogenized hydrocarbon as: calcium chloride hexahydrate
(CaClZ‘GHZO) and trifluorotrichloroethane (FreonR113,
FrigeanIB, F 113); calcium chloride hexahydrate and
bromochlorodifluoromethane ~(cC BrClFZ, FrigenR 12 B 1);

Glauber's salt and octafluorocyclobutane (C4F8) etc.

The heat storage medium and substance are brought into
direct contact with each other in a closed system
including a vapor space and space for the solid/liquid
phase. When the substance is vaporized, it goes over to
the vapor space and the mixing effect is achieved in the
liquid phase of the storage medium. When heat is taken out
of the system the vapor is caused to condense, which can
occur against the walls of the vapor space, or in a
condenser placed in the vapor space. The vapor space can
have an optional form and also include a conduit through
which vapor is transported to a condenser, or the like,
situated at a distance from the storage medium. In a
corresponding way, the condensate can be recycled to the
storage medium via a separate conduit. Heat can be

-supplied to the system via its walls, or through a heat

exchanger placed in the storage medium.

According to one embodiment of the invention, the vapor is
compressed before it is condensed, whereby heat can be
taken out at a higher temperature than that prevailing in
the heat storage medium. This can be done by placing a gas
compressor in a gas conduit connecting the heat storage

medium to the condenser, and a separate return conduit
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containing a throttle valve is used for recycling the

condensate to the heat storage medium.

Forming the heat transfer in the mode described, inter
alia, by Etherington (see above) is based on the principle
of liquid-liquid heat exchange, heat being taken up by a
temperature increase of the heat transfer medium. In
contradistinction hereto, the present invention is based
on the principle of liguid-liquid-vapor heat exchange,
whereby heat is taken up by. the heat transfer medium being
vaporized, i.e. a combination of liguid-liquid heat
exchanger and a gas-liquid heat exXchanger. Heat is
entrapped in the heat transfer medium in the form of
vaporization heat, whereby only very small temperature
differences are required. Mixing and regulating the power
take-out is provided actively in the first case by pumping
round oil, or the like. According to the present invention
this can be achieved completely passively.

The invention will now be described in the following in
conjunction to the attached figures of which

Figure 1 illustrates a first embodiment of the invention,
Figure 2 illustrates a second embodiment and
Figure 3 illustrates an embodiment with compressor.

In the following description, the invention is exemplified
with the heat storage medium calcium chloride hexahydrate

(CaC12‘6H20), to which the substance trifluorotrichloro-

ethane (FreonR113, Frigeanl3, F 113) has been added. The
selected example does not restrict the general validity of
the invention in any way. The heat-of-fusion system
calcium chloride hexahydrate is exhaustively described in
the document D 12:1978 from the Swedish Council for Build-
ing Research, Stockholm (Carlsson - Stymne - Wettermark:
"Storage of low-temperature heat in salthydrate melts -
calcium hexahydrate"), which is hereby introduced into the
description as a reference.

PCT/SE80/00212
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CaC12'6H20 melts at 29,7OC and has a fusion heat eéual to
170 J/g. The salt is incongruently melting, since a tetra-
hydrate (CaC12’4HZO) is thermodynamically stable within a
temperature interval of 2°C above the melting point of the
hexahydrate. If tetrahydrate formation occurs in a system
lacking means for effective mixing, the heat storage
capacity decreases successively as a result of the low
dissolving rate of the tetrahydrate and the phase separa-

tion occurring.

Suppression or elimination of tetrahydrate formation can
be achieved by the addition of Ca(OH)2 and SrC12'6H20. In
some applications, concentration gradients do occur in the
melt, with tetrahydrate formation as a result. Mixing and
elimination of the concentration gradients in the melt is

achieved by means of the present invention.

A melt of CaC12’6H20 has a density of 1.51 g/ml at 30°¢,
and the solid phase a density of 1.71 g/ml.

Trifluorotrichloroethane at 30°C is a ligquid with a vapor
pressure of 0.55 bar. The latent heat of vaporization is
equal to 152 J/g. The substance is only insignificantly
soluble in salt solutions, and at 30°C the ligquid has a
density of 1.55 g/ml.

Figure 1 illustrates a closed system comprising a

container 1 accommodating a heat store 2, 3, 4 and a vapor

‘'space or chamber 5. An upper heat exchanger or condenser 6

for taking off heat is situated in the vapor chamber. A
lower heat exchanger 7 for intake of heat is situated in
the heat store. A gas conduit 8 leads from the vapor
chamber via a pump 9 to the bottom of the container, and
opens out in the heat store. Non-condensing gases are
circulated via said conduit from the vapor chamber through
the heat store. In this way is ensured that the whole

condensor can be utilized effectively for condensing vapor
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simultaneously as a certain amount of agitation in the
heat store is obtained. The container 1 is suitably
surrounded by a heat - insulating material (not shown in
the Figure). In the heat store there are the following
phases layered one above the other, according to their
decreasing density: solid phase CaC12'6HZO 2, liquid
Frigen 113 3, melt of CaC12f6H20 4.

When heat is taken off, the Frigen vapor will condense in
the condenser 6 and by pressure decrease will thereby
cause boiling of the Frigen in the heat store. As an
entirety, the heat transport thus requires small
temperature differences and is furthermore self-
regulating. An effective mixing is also provided in the
heat store. When taking in and storing heat in the system
by melting the CaClZ’6H20, heat is supplied through the
heat exchanger 7 at the bottom of the store, whereby
boiling Frigen provides mixing and improved heat transfer
in the system.

In a trial carried out in a plant according to Figure 1,
50 kg CaC12'6H20 and 2 1 FrigeanlB were charged into the
container 1. Heat was supplied for storage by hot water
being taken through the heat exchanger 7 until all the
CaC12‘6HZO had melted. Heat was then taken from the system
by cold water being taken through the condenser 6 at a
constant flow. The temperature increase of the water was

measured. The system working temperature was 30°C. The

.Lemperature of the ingoing water was considerably under

30°¢ and the flow was selected such that water coming from
the condenser was also under 30°C. The system was thus
allowed to give full power. It was then found that heat
could be taken out at constant full power for about 80% of
the time for the crystallization cycle.

The trial was repeated, whereby heat was taken out only by
cooling the walls of the container and not the vapor
chamber. The output power decreased then during the whole
of the crystallization cycle.
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Figure 2 illustfates an apparatus where the primary object
is to provide agitation and mixing in the heat storage
medium. The storage medium 2, 4 and the substance 3 are
incapsulated in enclosed smaller containers 1, e.g. in the
form of pipes in which room has been left for a vapor
chamber 5. Heat exchange was carried out at both take-off
and supply of heat from the outside of the container 1.
The apparatus can be used, for example, in regenerative
heat exchangers where a plurality of containers constitute
the heat store of the heat exchanger, and are
alternatingly washed over by a hot and cold medium,

respectively.

Figure 3 illustrates an embodiment of the invention where
the temperature in the condenser 6 is brought to a level
exceeding that in the heat store by the vapor being com-
pressed before it is taken to the condenser. The apparatus
differs from the embodiment according to Figure 2 in that
the vapor chamber 5 includes a conduit 10 connecting the
heat store to the condenser. A gas compressor 11, in which
the vapor pressure is increased before it is taken to the
condenser, is placed in the conduit. A separate return
conduit 12 for the condensed vapor leads from the
condenser down into the heat store. The return conduit
contains a throttle valve 13. The apparatus can also be
provided with a circulation system for non-condensing
gases 1in the same way as illustrated in the embodiment
according to Figure 2.

WO 81/0057 PCT/SE80/00212
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CLAIMS: -

1. A method in storing and taking out heat by melting
and crystallization of a heat-of-fusion storage medium
comprising one or more chemical compounds, characterized
by a closed system including a vapor space (5) and space
for a solid/liquid phase, where the storage medium (2, 4)
isrbrought into direct contact with a substance (3) having
insignificant solubility in the storage medium and a
density which is higher, or equal to the density of the
storage medium liquid phase, and which is capable of
taking up heat from the storage medium by being vaporized,
thereby going over to the vapor space (5); and in that
when taking out heat from the system the vapor is caused
to condense, and the condensate to return to the storage
medium.

2. A method as claimed in claim 1, characterized in that

the vapor is caused to condense in a condenser (6).

3. A method as claimed in claim 2, characterized in that
the vapor 1is transported to the condenser (6) via a
conduit (10) and that the condensate is returned to the
storage medium via a return conduit (12).

4, A method as claimed in claim 2, characterized in that

the vapor is compressed before it is caused to condense.

5. A method as claimed in any of the preceding claims,

characterized in that non-condensing gases in the system
are caused to circulate through the storage medium (2, 4).

6. A method as claimed in any of the preceding claims,
characterized in that the storage medium substantially
comprises calcium chloride hexahydrate and the substance
substantially of trifluorotrichloroethane or bromo-

chlorodifluoromethane.
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7. Apparatus for carrying out the method in accordance
with claim 1, characterized by a closed system including a
vapor space (5) and space for a solid/liquid phase con-
taining a heat-of-fusion storage medium (2, 4) and a
substance (3), which by vaporization takes up heat from
the storage medium at its crystallization and gives off
heat from the system by being condensed, said substance
having negligible solubility in the storage medium and a
density which is higher than, or equal to the density of
the storage medium liquid phase.

8. Apparatus as claimed in claim 7, characterized by a
condenser (6) being arranged in the system for taking out
heat via condensation of the vaporized substance.

9. Apparatus as claimed in claim 8, characterized in
that the wvapor space (5) includes a conduit (10) for
transporting vapor to the condenser (6) and by a return
conduit (12) being arranged for the condensate from the

condenser to the storage medium.

10. Apparatus as claimed in claim 9, characterized in
that a compressor (11) is arranged in the conduit (10) for
increasing the vapor pressure before the condenser (6),
and that a throttle valve (13) is arranged in the return
conduit (12).

11. Apparatus as claimed in any of the claims 7-10,

.characterized in that a conduit (8) provided with a pump

(9) connects the vapor space (5) with the storage medium
and is adapted for circulating non-condensing gases
through the storage medium.

PCT/SE80/00212
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