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Weg 35-37, 7141, Aldingen near Stuttgart,
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Federal German Republic do hereby declare

5 the invention, for which I pray that a patent
may be granted to me, and the method by
which it is to be performed to be particularly
described in and by the following state-
ment:—

10 The invention relates to a heat storage
device having a storage vessel, a liquid flow
circuit external to and in communication
with said vessel, a heat storage mass in said
vessel adapted to store heat in the course of

15 its transition from the solid to the molten
state, and a heat carrier liquid for circulation
through said vessel and circuit.

Heat storage devices having storage mas-
ses are known, which are capable of storing

20 heat in the course of their transition from the
solid to the liquid aggregate state. Heat is
withdrawn from these heat storage devices
by employing as a heat carrier liquid a liquid
which is immiscible with the liquid storage

25 mass and which is pumped directly through
the storage mass and then through the heat
emitting element. The following disadvan-
tages of this arrangement have become
known:

30 a)The heat exchange between a heat stor-
age mass and a heat carrier liquid flowing
therethrough becomes increasingly difficult
owing to the increase in the thickness of the
layer of the solidified heat storage mass.

35 b) The difference in volume of the storage
mass between the molten and the solidified
phase causes high mechanical stresses in the
structural elements, i.e. the storage vessels
and the heat exchangers.

40 c) As it discharges, the storage mass sol-
idifies into a single solid body, which presents
the heat conduction with a high heat resis-
tance during charging.

The object of the invention is to eliminate

45 these disadvantages.

The invention provides a heat storage
device having a storage vessel, a liquid flow
circuit external to and in communication
with said vessel, a heat storage mass in said
vessel adapted to store heat in the course of 50
its transition from the solid to the molten
state, and heat carrier liquid substantiaily
immiscible with said storage mass disposed in
said vessel for circulation through said vessel
and said circuit and having a specific gravity 55
different from the specific gravity of the stor-
age mass when in the molten state; the device
comprising a pump including a rotor
positioned in said vessel to circulate the heat
carrier liquid through said circuit and drive 60
means for said rotor whereby when said rotor
is driven during heat discharge of the device,

a mixture is sucked into said pump where
said rotor reduces the molten storage mass
into a plurality of small droplets which sol- 65
idify upon transferring their heat to said heat
carrier liquid and whereby said solidified
droplets are moved by gravity and cen-
trifugal forces imparted by said rotor away
from said rotor towards the sides of said ves- 70
sel.

In a first embodiment the heat carrier
liquid is disposed above the melt. In a second
embodiment the storage mass floats on the
heavy heat carrier liquid. In the case of the 75
first embodiment there is provided at the top
in the storage vessel, and in the case of the
second embodiment at the bottom in the
storage vessel, a pump rotor, which produces
a vortex. In a third embodiment the heat 80
carrier liquid is disposed between the melt
and the solid storage mass; then the pump
rotor is disposed between the layers of stor-
age mass. The liquid storage mass penetrates
into the vortex of the pump rotor. By the 85
pump rotor it is smashed up into minute dro-
plets which assume a spherical shape on
account of the surface tension and then give
off their heat to the heat carrier liquid. After
solidification, the small spheres are again 90
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moved back into the storage mass layer by
gravity and by centrifugal forces. Since the
entire interior of the circular cylindrical stor-
age vessel performs a revolving current, the
5 spheres are moreover thrown outwardly, so
that that region of the melt which enters the
vortex remains free from these small spheres.
Converse separation occurs where the melt is
heavier than the solid storage mass, as is for
10 example the case with water.

In certain circumstances the pump rotor
may be dispensed with for charging. Prefer-
ably however it is driven during charging
also. Only when sufficient storage mass has

15 been melted, it accelerates the heat exchange
and thereby reduces the temperature gra-
dient between the heat carrier liquid and the
storage mass, so that the charging can also
take place via the heat carrier liquid. For the

20 heat carrier liquid water may, for example,
be considered and for the storage mass wax.
The same invention may, however, also be
applied in relation to salt melts, particularly
hydrates of metal salts. Chlorinated hyd-

25 rocarbons which are heavier than the salts or
hydrocarbons such as benzene, light oil,
silicone oil, ketones, cyclohexane, toluol or
xylol, which are lighter than the salts, may
then, for example, serve as the heat carrier

30 liquid. Where water is used as the storage
mass, silicone oil may be considered as the
heat carrier liquid.

The pump rotor produces a whirl. Furth-
ermore it has the effect of causing mechani-

35 cal diminution of the storage mass which has
been sucked up. Moreover it effects rotation
of the contents of the storage vessel. This
rotation can be enhanced by tangential
introduction of the return flow of the heat

40 carrier liquid from the exterior heat
exchange circuit, so that the separation of
solid storage mass, liquid storage mass and
the heat carrier liquid takes place in the cen-
trifugal force field, whereby heat storage

45 mass can, in the region adjacent to the axis,
be prevented from being taken along into the
exterior heat exchange circuit.

Volume equalisation is achieved by an
equalisation container or an elastic dis-

50 placement device communicating with the
heat carrier liquid.

Figures 1 and 2 show embodiments using a
heat carrier liquid of low specific gravity.

Figure 3 shows such an embodiment using

55 a heavy heat carrier liquid.

Figure 4 shows a pump rotor.

Figure 5 shows an embodiment in which
the molten storage mass is of higher, whilst
the crystallised storage mass is of lower,

60 specific gravity than that of the heat carrier
liquid.

Figure 1 shows a heat storage device
embodying the invention whose storage ves-
sel 1 is slightly conically enlarged and, for

65 transport purposes, consists of sections /a to

1¢ which can be assembled at site. A motor 3,
which drives a pump rotor 4 is arranged on
the cover 2. This rotor is partly surrounded

by a spiral housing 5, which leads to a heat
exchanger 7a via the conduit 7. A spiral pipe 70
7b having a plurality of downwardly opening
pipes 7c, through which the heat carrier
liquid can again be returned to the storage
vessel, is arranged on the floor of the storage
vessel 1. The heat carrier liquid of low 75
specific gravity is disposed in the space 6a;
the molten storage mass in the space 6b, and
the solid storage mass in the space 6c. The
apertures of the pipes 7c prevent the ingress

of melt into the pipes 7c, if they are disposed 80
accurately in a horizontal plane 7d. If, after a
prolonged cooling period, the storage mass
6b and 6¢ has solidified into a solid body, the
hydrostatic super-atmospheric pressure of
the heat carrier liquid which has been heated 85
by the heat exchanger 7a causes raising of,
and flushing around, this solid body in the
lower region of the storage vessel 1, until it
has become fully molten. In the case of dis-
charge over a short period, on the other 90
hand, no uniform solid body is formed, buta
mixture of crystals and molten storage mass,
through which a stream of heat carrier liquid
emerging from the apertures of the pipes 7¢c
flows on account of the difference in the 95
specific gravity. The difference in density
between the molten and the solid storage
mass is compensated by the diaphragm
member 8 which is gas-filled and, if desired,
in communication with the ambient air. The
circuit 9 serves the purpose of supplying
heat, e.g. from a solar collector or a heat
pump, and also that of heat removal, e.g. via
a domestic hot water circuit.

Figure 2 shows a storage vessel 11 105
embodying the invention which has a hollow
wall 12 at its lower end, through which a heat
carrier liquid flows via the sockets 13 and 14.

In this case the walls of the vessel 11 are of

downwardly enlarged conicality 15, so that 110
any solidified storage mass body 16 detaches

itself from the wall during charging. In the

upper region a pump rotor 17 is disposed,

which cooperates with a spiral housing 18.

The pump rotor 17 is driven by means of a 115
motor 19 located outside the storage vessel.
The spiral duct 20 (Figure 4) in the spiral
housing 18 of the pump opens into the con-
duit 21. The heat carrier liquid is returned
into the interior of the storage vessel 11
through the conduits 22 and 23 which enter
the approximately cylindrical storage vessel
11 tangentially. The installation is connected
to a heat utilising system 25 via the heat
exchanger 24. The upper region 26 of the
storage vessel is charged up to the line of
separation 27 with a heat carrier liquid of
lower specific gravity. As soon as the motor
19 is switched on, a whirl is created in the
heat carrier liquid, at the centre 28 of which 130

100
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liquid storage mass 29 is conveyed as far as
the rotor 17 against the force of gravity. As
can be seen from Figure 4, the rotor 17 is of
open construction and has segmental cham-
5 bers 30. The storage liquid follows the con-
tour of the marginal region 31 in the direc-
tion of the arrow 34 and is thereby flung into
the spiral duct 20. As a result of the contact
between the storage liquid and the cooler

10 heat carrier liquid, crystallising drops 32 are
formed. By reason of their higher specific
gravity, the crystallising droplets 32 are flung
outwardly in a rotational plane disposed
below the spiral housing and then sink down,

15 so that the liquid region 35 is separated from
the solid body region 36 by a surface 37 of
rotating bodies. This surface 37 becomes
progressively smaller, until finally the entire
storage mass is crystallised. For the purpose

20 of charging, a heat carrier liquid is conducted
through the circuit 13, 12, 14, until all the
crystals 16 have again melted. Owing to the
weight of the solid storage bodies 16, the
melt produced flows away laterally, so that

25 an almost direct contact between the storage
mass and the heated wall 11a exists all the
time.

Another method of charging in accor-
dance with the invention consists in returning

30 the heat carrier liquid at a temperature which
lies above the melting point of the storage
mass through the tangentially opening pipes
22 and preferably 23 in the lower region of
the storage vessel 11.

35 Figure 3 shows the converse layer config-
uration. The heat carrier liquid 40 of higher
specific gravity is disposed in the lower reg-
ion, whilst the storage mass 51 floats there-
over. Consequently also the rotor 42 is

40 arranged in the lower region of the storage
vessel 43 and is driven by an electric motor
44 through a magnetically pervious wall 45.
The heat exchanger 46 separates the heating
circuit from the heat carrier liquid circuit.

45 The melt 41 reaches the rotor 42 through a
pipe 47 which is open in its upper region 48.
The crystallising droplets 50 rise and collect
in the region 51. For the purpose of charging,
the heat carrier liquid is heated via the heat

50 exchanger 46. Initially only heat carrier
liquid 1s sucked up by the rotor 42, liquid
storage mass also being sucked up and
heated after part of the storage mass has
melted, so that heat of fusion is supplied to

55 the storage mass which is still crystallised by
the heat carrier liquid as well as also the
storage mass which has already melted.

Figure 5 shows a layer configuration, in
which the melt 50 is of higher specific gravity

60 than the heat carrier liquid 51, whilst the
crystallised storage mass 52 is of lower
specific gravity. Via a pivotable arm 53 hav-
ing a pivot bearing 54, heat carrier liquid is
conveyed into the conduit 55. In the same

65 pivotable pipe 53 the heat carrier liquid is

again discharged through the apertures 56.
The pump rotor 57 is driven by the motor 59.
The counterbalance weight 60 approxi-
mately equallises the weight of the motor 59..
The float 61 has the function of maintaininga 70
defined spacing 63 between the plane 62 of
liquid separation and the pump rotor 57.
Two pipes, which lead to the heat exchanger
corresponding to 48 (Figure 3) open into the
pivot bearing 55. 75

WHAT WE CLAIM IS:

1. A heatstorage device having a storage
vessel, a liquid flow circuit external to and in
communication with said vessel, a heat stor-
age mass in said vessel adapted to store heat 80
in the course of its transition from the solid to
the molten state, and a heat carrier liquid
substantially immiscible with said storage
mass disposed in said vessel for circulation
through said vessel and said circuit and hav- 85
ing a specific gravity different from the
specific gravity of the storage mass when in
the molten state; the device comprising a
pump including a rotor positioned in said
vessel to circulate the heat carrier liquid 90
through said circuit and drive means for said
rotor whereby when said rotor is driven dur-
ing heat discharge of the device, a mixture is
sucked into said pump where said rotor
reduces the molten storage mass into a plur- 95
ality of small droplets which solidify upon
transferring their heat to said heat carrier
liquid and whereby said solidified droplets
are moved by gravity and centrifugal forces
imparted by said rotor away from said rotor 100
towards the sides of said vessel.

2. A heat storage device according to
Claim 1, wherein the specific gravity of said
heat carrier liquid is less than the specific
gravity of said molten storage mass, said 105
rotor being disposed in an upper region of
said vessel.

3. A heat storage device according to
Claim 1, wherein the specific gravity of said
heat carrier liquid is greater than the specific 110
gravity of said molten storage mass, said
rotor being located in a lower region of said
storage vessel.

4. A heat storage device according to
Claim 1, wherein the specific gravity of said 115
heat carrier liquid is less than the specific
gravity of said molten storage mass and grea-
ter than the specific gravity of said storage
mass in its solid state, whereby a plane of
separation between said carrier liquid and 120
saild molten storage mass is formed, said
rotor being disposed above said plane of sep-
aration.

5. Aheatstorage device according to any
one of the preceding claims including means 125
for separating said carrier liquid from drop-
lets of said storage mass into two discharge
planes for discharge from said vessel into said
external circuit.

6. A heat storage device according to 130
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Claim 5, wherein said pump is arranged to said storage vessel.
convey said heat carrier liquid through said 16. A heat storage device according to 55
external circuit and to return it to said stor- Claim 15, wherein the wall of said storage
age vessel. vessel widens conically towards said heated
5 7. Aheatstorage device according to any floor.

one of the preceding claims the arrangement
is such that, in operation of the device, said
heat carrier liquid is discharged from said
storage vessel into said external circuit in the

10 region of the axis of said storage vessel.

8. A heat storage device according to any
one of the preceding claims, wherein said
rotor is an axial flow impeller.

9. A heat storage device according to any

15 one of the preceding claims, wherein said
rotor is a radial flow rotor comprising a
radially inner region having buckets and a
radially outer annular region without buck-
ets, said pump having a pump housing con-

20 taining said rotor and said annular region
being arranged to divert the flow of said car-
rier liquid into said pump housing.

10. A heat storage device according to
Claim 1, wherein the wall of said storage

25 vessel opens conically upwardly, so that, in
operation of the device, crystals of said stor-
age mass defining a solid body are raised to a
small extent by the hydrostatic pressure of
the flow of said carrier liquid against the floor

30 of said vessel.

11. A heat storage device according to
Claim 1, wherein, in operation of the device a
whirl for separating crystals of said storage
mass from said carrier liquid is produced in a

35 layer of the latter.

12. A heat storage device according to
Claim 11, wherein said rotor producing said
whirl is disposed in the vertical axis of the
storage vessel.

13. A heat storage device according to
Claim 12, including a centrifugal pump
arranged to circulate said carrier liquid, said
rotor also defining the rotor of said cen-
trifugal pump.

45 14, A heat storage device according to
Claim 1, wherein the arrangement is such
that, in operation of the device the molten
said storage mass is circulated in order to
avoid stratification.

50 15. A heat storage device according to
any one of the preceding claims, wherein said
storage vessel comprises a floor adapted to
be heated and disposed in a lower region of

40

17. A heat storage device according to
any one of the preceding claims, including a 0
pipe system disposed in said storage vessel
and having a plurality of apertures which are
orientated in a direction away from said mol-
ten storage mass and adapted to conduct said
carrier hiquid, said pipe system being dis- g5
posed below said molten storage mass dis-
posed at the bottom of said storage vessel, or
above said molten storage mass disposed at
the top of said storage vessel.

18. A heat storage device according to 70
any one of the preceding claims, including a
gas-filled hollow body of elastic material dis-
posed in the storage vessel.

19. A heat storage device according to
any one of the preceding claims, including an 75
equalisation container arranged to com-
municate with the carrier liquid inside said
storage vessel.

20. A heat storage device according to
Claim 1, wherein the heat storage mass is 80
wax and the heat carrier liquid is water.

21. A heat storage device according to
Claim 1, wherein the heat storage mass is a
salt melt and the heat carrier liquid is a
chlorinated hydrocarbon or benzene or a 85
light oil or a silicone oil or a ketone or a
cyclohexane or a toluol or a xylol.

22. A heat storage device according to
Claim 21, wherein said melt is a melt of a
hydrate of a metal salt. 90

23. A heat storage device according to
Claim 1, wherein said heat storage mass is
water and said heat carrier liquid is a silicone
oil.

24. A heat storage device constructed, 95
arranged and adapted to operate substan-
tially as hereinbefore described with refer-
ence to Figure 1, or Figures 2 and 4, or Figure
3, or Figure 5 of the accompanying diag-
rammatic drawings.

SAUNDERS & DOLLEYMORE
Chartered Patent Agents
2a Main Avenue, Moor Park
Northwood, Middx. HA6 2H]J
For the Applicant
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