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57 ABSTRACT 

A heating system for a machine having a closed ther 
mo-dynamic cycle, the system comprising a closed 
space within which several containers for heat 
accumulating material are present as well as a medium 
transporting thermal energy by evaporation and con 
densation. The containers communicates with a com 
mon supply duct for heat-accumulating material, with 
spacing members arranged between the walls of the 
closed space and the containers as well as between the 
containers mutually. 

8 Claims, 3 Drawing Figures 

O 

: 

  



PATENTEDJUN 81974 3.817,322 
SHEE. Of 3 

xxx xxxx & $& XXXXXXX. 
r 

N 
V O 
W v 

s 
w N 

d 
s--1/ 

1 

se 

  

  



PATENTEDJun 1894 3.87.322 
SHEET 2 OF 3 

  





1. 
HEATING SYSTEM 

BACKGROUND OF THE INVENTION 
The invention relates to a heating system for the sup 

ply of thermal energy to a heater of a machine in which 
a working medium performs a thermodynamic cycle. 
The system comprises a closed space within which sev 
eral containers for heat-accumulating, meltable mate 
rial are arranged. Each container has at least one heat 
transmission wall through which heat-accumulating 
material can exchange thermal energy with a heat 
transporting medium which is present in the closed 
space and which during operation transports thermal 
energy from the containers to the heater by an 
evaporation-condensation process. The heater commu 
nicates with the heat transmission container walls via a 
porous mass having a capillary structure for the return 
of heat transporting medium condensate from the 
heater to the containers. A heating system of the 
above-described type is known from FIG. 2 of the Bel 
gian Patent Specification 758,330. 
Examples of machines in which a working medium 

performs a thermodynamic cycle and to which working 
medium thermal energy is supplied from without 
through the wall of a heater, are hot-gas engines and 
hot-gas turbines. 
The heating system in which thermal energy stored in 

containers is transported to the heater of a thermody 
namic machine by means of an evaporation 
condensation process a heat transporting medium pres 
ents several advantages. First of all, a large quantity of 
thermal energy can be transported substantially with 
out temperature drop, without the use of a pumping de 
vice and without further moving parts. Due to the pres 
ence of the porous mass having a capillary structure, 
return of heat transporting medium condensed on the 
heater to the containers takes place in all circum 
stances as a result of capillary action while using the 
surface tension of the condensate. Return of conden 
sate thus takes place even against gravity or without the 
action of gravity. 
The porous mass having a capillary structure may 

consist, for example, of a ceramic material, of layers of 
gauze of wire or band-shaped material, from arrange 
ments of glass fibres, pipes or rods, of systems of 
grooves in the walls, whether or not in combination 
with one of the above-mentioned alternatives. Said po 
rous mass may fully or partly cover the walls of the 
closed space, the heat transmitting container walls, as 
well as the heater wall. All kinds of materials, for exam 
ple potassium, sodium, calcium, lithium, cadmium, ce 
sium, metal mixtures, and so on are to be considered as 
heat transporting media. A compact assembly is ob 
tained by arranging the heater within the closed space. 

By using containers which are filled with heat 
accumilating material, the thermal energy stored in the 
said material can be used for operating the thermody 
namic machine, for example a hot-gas engine, in places 
where fuming gases may not be allowed to develop or 
in places where no combustion air is available for a nor 
mal burner (mines, submarines, and so on). An exam 
ple of a heat-accumulating meltable material to be con 
sidered is lithium fluoride (LiF). 
Since the heater is separated from the containers 

filled with heat accumulating material, the volume of 

5 

O 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

3,817,322 
2 

the containers and hence the heat capacity thereof is 
not restricted; this in contrast with heating systems in 
which the heater which is normally constructed from a 
number of pipes is placed directly in the heat accumu 
lating material. In the latter case the maximum volume 
of the container in question and hence the maximum 
heat capacity thereof is restricted, owing to the fact 
that the heater pipes are restricted to given maximum 
length dimensions, in connection with the optimum 
thermodynamic cycle of the working medium in the 
machine which may be, for example, helium or hydro 
gen. Moreover, the thermodynamic machine should 
then carry the weight of the container filled with heat 
accumulating material, which necessitates a heavier 
machine construction. 
The known heating system exhibits a few drawbacks. 

The containers are filed with heat accumulating mate 
rial one by one, closed, and arranged inside the closed 
space separately. The separate filling and closing of the 
containers is time-consuming and expensive and makes 
the assembly of the heating system less suitable for se 
ries production. Since the containers are arranged sep 
arately relatively movable, the position of the heating 
system is restricted. This lack of independence of posi 
tion means a serious restriction in the possibilities of 
application. independence of position is required, for 
example, in aeronautics or on board submarines in 
which a hot-gas engine which is equipped with such a 
heating system may be present as a power source with 
out exhaust gases. 

In order that the evaporation-condensation process 
of the heat transporting medium in the closed space 
can occur smoothly, said space is normally evacuated. 
A problem is that in a number of cases, dependent 
upon the heat transporting medium chosen, the vapour 
pressure of the heat transporting medium in the closed 
space lies below the ambient pressure not only at room 
temperature but also at the high operating temperature 
of the heating system. For example, if sodium is present 
in the evacuated closed space as a heat transporting 
medium, the vapour pressure at 800 K is 8 Torr (l 
Torr = 1 mm mercury pressure) and at 1,100 K it is 
450 Torr. This means that in particular in heating sys 
tems of which the closed space has flat walls of large 
dimensions, said walls are subjected to a considerable 
mechanical load. Notably at high operating tempera 
tures of the heating system in which the rigidity of said 
walls is considerably lower than at room temperature, 
this results in deformation and cracking of the said 
walls with the danger of implosion of the closed space. 

The porous mass having capillary structure may work 
loose from the walls and/or be damaged to such an ex 
tent that it is no longer useful for the return of heat 
transporting medium condensate from the heater to the 
containers. Thicker and hence more rigid walls of the 
closed space are usually not possible for reasons of 
weight, cost-price and dimensions. 

It is the object of the present invention to provide an 
improved construction of the heating system of the 
above-described type in which the drawbacks de 
scribed are avoided. 

SUMMARY OF THE INVENTION 
The heating system according to the invention is 

characterized in that the containers communicate with 
a common supply duct for heat-accumulating material, 
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and this closable supply duct is passed through a wall 
of the closed space to the outside. Spacing members 
are present between the walls of the closed space and 
the containers as well as between the containers mutu 
ally to permit flow of heat transporting medium vapour. 

The filling of the containers with heat accumulating 
material can now be carried out in a simple and rapid 
manner in one single operation after the complete as 
sembly of the heating system. The containers may be 
connected mutually in series or parallel to the common 
supply duct. The filling of the containers with liquid 
heat accumulating material may be carried out by first 
evacuating the containers via the common supply duct 
and then communicating them with the storage con 
tainer for heat accumulating material. 
Due to the presence of the spacing members, the 

heating system has not only become independent of po 
sition, but the closed space is also protected from im 
plosion since, as a matter of fact, the spacing members 
also support the walls of said low pressure space against 
the atmospheric pressure ferces exerted theron from 
without. The spacing members furthermore ensure that 
the porous mass having capillary structure remains in 
its place so that the transport of heat transporting me 
dium condensate through said mass is not disturbed. 

In a favourable embodiment of the heating system ac 
cording to the invention the containers also communi 
cate with a common outlet duct, said closable outlet 
duct being also passed to the outside through a wall of 
the closed space. The outlet duct may be arranged so 
as to serve as a desaeration duct during filling the con 
tainers and as a suction duct for heat accumulating ma 
terial after filling, so as to obtain a certain filling level 
in the containers. The outlet duct may also be used in 
employing the containers provided with heat accumu 
lating material. 

Finally, the common supply and outlet duct may be 
used collectively in rinsing the containers with an inert 
gas, for example, after filling of containers mutually ar 
ranged in series, so as to obtain equalisation of the fill 
ing levels in the various containers. In a further favou 
rable embodiment of the heating system according to 
the invention, a pressure control device is present for 
controlling the pressure in the containers. 
Transition of heat accumulating material in the con 

tainers from the solid to the liquid phase is associated 
with a considerable increase in volume of said material 
which may result in high pressure in the containers; 
This pressure still further increases when the tempera 
ture of the molten heat-accumulating material in 
creases. By means of the pressure control device it is 
insured that the pressure in the containers remains 
within certain acceptable limits. Thus it is also possible 
to use the maximum filling degree of the containers as 
a result of which for a given heat-accumulating power, 
the dimensions of the heating system and the heat insu 
lation losses thereof are minimum. 
A further favourable embodiment of the heating sys 

tem according to the invention is characterized in that 
the spacing members are formed by a porous filling 
mass the pores of which have larger dimensions than 
the pores of the porous mass. 
Since the pores of the filling mass are larger than 

those of the porous mass, the suction effect of the fill 
ing mass is negligibly small as compared with that of the 
porous mass. This means that transport of heat trans 
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4 
porting medium condensate from the heater to the con 
tainers takes place exclusively through the porous mass 
having capillary structure, while on the way no conden 
sate passes from the porous mass to the filling mass ei 
ther. Comparatively large pores of the filling mass are 
also desirable to keep the flow losses of heat transport 
ing medium vapour and hence the temperature gradi 
ent between the heat transmission container walls and 
the heater small. Thus, vapour transport takes place 
substantially unhindered. 
According to the invention, compressed steel wool is 

preferably used as a filling mass. Steel wool presents 
the advantage of a low price, can easily be compressed 
in all kinds of shapes and can receive considerable sur 
face pressure in the compressed condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in greater detail with 
reference to the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and 2 show diagrammatically and not to 
scale embodiments of heating systems in sectional ele 
vation views. FIG. 1b is a cross-sectional view taken on 
the line Ib - Ib of FIG. a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, reference numeral 1 denotes a hot-gas en 
gine which comprises a heater 2 to which thermal en 
ergy is to be supplied. The heater 2 is accommodated 
inside a closed space 3. Said space furthermore com 
prises several containers 4 for heat accumulating melt 
able material, for example LiF. Each container 4 com 
prises at least one heat transmission wall 5. In this em 
bodiment the containers are constructed as annular 
cylinders which are arranged in a cylindrical compart 
ment3a of the closed space 3, so that the annular cylin 
der axes coincide. A quantity of sodium as a heat trans 
porting medium is also present in the closed space. The 
heater 2 communicates with the heat transmission con 
tainer walls 5 via a porous mass 6 which has capillary 
Structure. 

All the containers 4 communicate with a common 
supply duct 7 for heat-accumulating material which is 
passed to the outside through the wall of the closed 
space 3 and there comprises a cock 8. All the contain 
ers also communicate with a common outlet duct 9 
which also debouches outside the closed space 3 and is 
there provided with a cock 10. In this embodiment the 
containers are connected in series via communication 
ducts 11. 
The pressure inside the containers 4 is maintained 

within certain limits throughout the accurring tempera 
ture range by means of a pressure control device 12. 
The pressure control device 12 comprises a bottle 13 
which is filled with an inert gas 14 and which communi 
cates with a common supply duct 7 via a duct 14 in 
which a pressure control valve 15 with exhaust 16 is in 
corporated. 

In order to maintain the containers 4 inside the cylin 
drical compartment 3a of the closed space 3 in their 
places and hence make the heating system entirely in 
dependent of position, a porous filling mass 17 of com 
pressed steel wool is present between the containers 
mutually and between the walls of the closed space 3 
bounding the compartment 3a and the containers. Said 
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filling mass has pores, the dimensions of which are 
larger than those of the pores of the porous mass 6. The 
heating system finally comprises an electric heating ele 
ment 18 which is arranged in the closed space 3. 
Making the heating system ready for use may be done 

as follows. Thermal energy is supplied to the closed 
space 3 by means of the heating element 18. As a result 
of this, the present in said space evaporates so that the 
heating is heated at a high temperature. Sodium con 
densed in comparatively cold places is returned 
through porous mass 6 on the basis of capillary action 
to the heating element 18 to be evaporated there again. 
The heating element 18 is for that purpose also lined 
with a porous mass 6 which locally communicates with 
a porous mass 17 on the outer walls of the containers 
4. Since the porous filling mass 17 has pores of compar 
atively large dimensions, sodium vapour can flow 
through it substantially unhindered. 
When the heating system is at the desirable tempera 

ture, the containers 4 are filled with liquid heat 
accumulating material, for example melted LiF, via the 
common supply duct 7. Common outlet duct 9 then 
serves as a desaeration duct. 

Filling is carried out in only one batch. The contain 
ers are filled successively via the communication ducts 
11. By means of a flow of inert gas from the gas bottle 
13, the containers are then rinsed, excessive heat 
accumulating material being conducted away through 
the common outlet duct 9. The level of the heat 
accumulating material then reaches up to the insertion 
depth of the communication ducts 11 and of the com 
mon outlet duct 9. A certain inert gas pressure is finally 
adjusted in the containers. The pressure control valve 
15 ensures that the inert gas pressure remains within 
certain limits. Should the pressure increase to exces 
sively high values, said valve ensures that inert gas is 
blown off via outlet 16; in the case of too low a gas 
pressure, it admits gas from the bottle 13. 

in normal operation, thermal energy is delivered to 
the sodium by the heat-accumulating material in the 
containers 4 via the heat transmission walls 5, said so 
dium consequently evaporating and flowing in the va 
pour phase to the heater 2 due to the lower vapour 
pressure prevailing there as a result of a slightly lower 
temperature at that area. Sodium vapour condenses on 
the heater 2 while giving off thermal energy. Sodium 
condensate is then returned through the porous mass 6 
to the heat transmission walls 5 of the container 4 to be 
evaporated there again. Return of condensate again 
takes place by capillary action. 
The sodium-containing closed space 3 is otherwise 

evacuated. In operation, the sodium vapour pressure is 
considerably lower than 1 atm. Porous filling mass 17 
not only maintains the containers 4 in their places but 
also supports the large wall surface of the closed space 
3 against pressure forces excerted thereon from with 
out, as a result of which the danger of implosion is pre 
vented. The porous filling mass 17 also maintains the 
porous mass 6 in its place for the greater part so that 
the transport of sodium condensate does not experi 
ence any difficulties. Ib - Ib of FIG. 1a. 
FIG. 2 shows a heating system which in outline is 

equal to that of FIG. 1. Therefore, the same reference 
numerals are used for corresponding parts. In the pres 
ent case, the containers 4 are not connected in series 
but in parallel, while the pressure control device 12 
consists of an expansion vessel 20 which can be made 
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6 
to communicate with the common supply duct 7 via a 
duct 21 in which a cock 22 is incorporated. The expan 
sion vessel 20 is filled with an inert gas which serves as 
a buffer. 
When the pressure in the containers increases as a 

result of an increase in volume of the heat 
accumulating material, for example, when changing 
from the solid phase into the liquid phase, the volume 
of the inert gas buffer is reduced. When the volume of 
the expansion vessel 20 is sufficiently large, the pres 
sure in the containers remains substantially unvaried. 
The containers can now be filled simultaneously in a 
short period of time with liquid heat-accumulating ma 
terial after evacuating the said containers. The further 
construction and operation of the present heating sys 
tem are identical to those of the system shown in FIG. 
1 so that description may be omitted. 

It will be obvious from the above that the invention 
provides an interesting heating system which is fully in 
dependent of position and which can be assembled in 
a rapid and simple manner and be provided with heat 
accumulating material. 
What is claimed is: 
1. In a heating system for supplying thermal energy 

to a heater of a hot gas engine, the system being opera 
ble with a supply of meltable, heat-accumulating mate 
rial, and including: a housing having walls defining a 
closed space which encloses said heater and which has 
a heat receiving portion, a plurality of containers in 
said space, each containing said heat-accumulating ma 
terial, and each having at least one heat transmission 
wall, a heat transporting medium in said space, which 
when in liquid receives thermal energy from said con 
tainer through said walls and evaporates into a vapor 
which flows to said heater to which the thermal energy 
is transferred during condensation of said vapor 
thereon, a porous mass having a capillary structure on 
the outside of said heat transmission walls of said con 
tainers, and on the inside of the housing walls whereby 
said porous mass transports the heat transporting me 
dium in the liquid state between the heater, the heat re 
ceiving portion of the housing and the containers, a 
common supply duct communicating said supply of 
heat-accumulating material through said housing wall 
to said containers within said housing, means for con 
trolling flow of said material through said supply duct, 
and spacing means in said housing between and sepa 
rating said containers, and between said containers and 
the housing walls, this spacing means being porous and 
permitting flow there through of said heat-transporting 
medium vapor. 

2. A system according to claim wherein said heat 
accumulating material is LiF and said heat transporting 
medium is Na. 

3. A heating system according to claim 1, further 
comprising a pressure control device communicating in 
the said common supply duct for controlling the pres 
sure in the containers. 

4. A heating system according to claim 1, wherein 
said spacing means are formed by a porous filling mass, 
the pores of which have larger diameters than the pores 
of said porous mass. 

5. A heating system according to claim 4, wherein the 
porous filling mass comprises compressed steel wool. 

6. A system according to claim 2 wherein said spac 
ing means are formed by a porous filling mass, the 
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pores of which have larger diameters than the pores of 
said porous mass. 

7. A system according to claim 2 wherein said porous 
filling mass comprises compressed steel wool. 

8. A heat pipe system for supplying thermal energy 
to a heater of a hot gas engine, the system being opera 
ble with a supply of meltable, heat-accumulating mate 
rial, and comprising a housing having walls defining a 
closed space which encloses said heater and which has 
a heat receiving portion, a plurality of containers in 
said space, each containing said heat-accumulating ma 
terial, and each having at least one heat transmission 
wall, a heat transporting medium in said space, which 
when in liquid receives thermal energy from said con 
tainer through said walls and evaporates into a vapor 
which flows to said heater to which the thermal energy 
is transferred during condensation of said vapor 
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8 
thereon, a porous mass having a capillary structure on 
the outside of said heat transmission walls of said con 
tainers and on the inside of the housing walls whereby 
said porous mass transports the heat transporting me 
dium in the liquid state between the heater, the heat re 
ceiving portion of the housing and the containers, a 
common supply duct communicating said supply of 
heat-accumulating material through said housing wall 
to said containers within said housing, means for con 
trolling flow of said material through said supply duct, 
and spacing means in said housing between and sepa 
rating said containers, and between said containers and 
the housing walls, this spacing means being porous and 
permitting flow there through of said heat-transporting 
medium vapor. 
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