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Our invention relates to heat exchangers in which 
masses of heat-storing particles transfer heat from one 
gaseous medium to another. 

In known equipment of this type a flow of solid parti 
cles travels in a circulatory path and is traversed by 
different heat-exchanging gases in separate chambers. In 
such heat exchangers, known as “pebble heaters,” the 
gaseous media pass through a rather thick layer of spheri 
cal solid particles which travel downwardly by gravity 
?ow in opposition to the direction of the gas flow. Great 
difficulties ‘barely surmountable in practice are encountered 
when attempting to employ equipment of such structure 
and operating principle in regenerators for large through 
put and gas quantities and small bearable pressure drops. 
A type of heat exchangers is also known in which the 

transfer of heat between two gaseous media is effected by 
means of a mass of heat-storing particles accommodated 
within a disc-shaped rotor. The layer of mass particles 
in the rotor is traversed by the gaseous media in respective 
opposite directions to effect a heat exchange on the coun 
ter-?ow principle, despite the fact that the gaseous media 
have a flow direction transverse to the travel direction of 
the mass particles that rotate together with the rotor. In 
such heat exchangers, the gas currents are guided by a 
system of channels toward and away from the disc-shaped 
rotor body at the respective axial end sides thereof. Such 
devices afford the attainment of a relatively favorable heat 
exchange and a small pressure drop while requiring only 
relatively small space. Difficulties, however, are en 
countered in sealing the rotating heat-storing body rela 
tive to the required inlet and outlet channels for the dif 
ferent gaseous media which, distributed over the periphery 
of the heat-storing rotor, must be passed into and out of 
the heat-storing rotor, 

It is an object of our invention to afford favorable heat~ 
exchanging conditions, together with a small pressure drop 
and the possibility of operating with large gas-flow quan 
tities, without the necessity of providing a rotating heat 
storing assembly, thus achieving the desired operating 
quantities with simpler and less troublesome means. 

According to our invention, a heat-exchanger system is 
so constructed that the above-mentioned rotating heat 
storing mass system is replaced by a continuous solid parti 
cle ?ow circulating in a stationary system of channels. 
More specifically, and in accordance with further fea 

tures of our invention, we provide a duct structure that is 
longitudinally traversed by a stream of heat-storing parti 
cles and forms two heat-exchange zones spaced from each 
other in the particle-?ow direction. We further provide 
two pairs of gas conduits for passing two currents of 
gaseous media through the respective zones. The duct 
structure extends between the two conduits of each pair 
and has gas-permeable wall portions, such as louvered 
wall portions, through which the two conduits of each 
pair communicate with each other through one of the two 
heat~exchanging zones respectively. The duct structure 
further forms part of a circulatory distributor system 
which passes a particle ?ow of substantially uniform layer 
distribution through the duct structure and thus sequen 
tially through the two heat-exchange zones. As a result, 
the flow layers of the particle mass assume respectively 
graduated temperatures due to the temperature difference 
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of the respective gases passing through the two pairs of 
conduits, the gas-?ow direction in the conduits being trans 
verse to the particle-?ow direction in the duct structure 
and in heat-exchanging counter-?ow relation to each 
other. 

According to further features of our invention, the two 
heat-exchange zones are separated from each other by one 
or more intermediate zones so constructed that the mass 
particles ?owing by gravity through the intermediate zone 
retain the same layer-wise temperature distribution from 
one to the other heat-exchanger zone. The intermediate 
zone may ‘have the same cross section as the heat-exchange 
zones, however, according to another feature of our in 
vention, the cross section in the intermediate zone is made 
different from that of the heat-exchanger zones and pref 
erably made smaller. A preferred construction is to 
provide the intermedite zone with wall members or parti 
tions which cause the particle material to temporarily ac 
cumulate in the intermediate portion thereby preventing 
or reducing leakage of gas between the heat-exchange 
zones while simultaneously maintaining a given tempera 
ture distribution in the partitioned layers of the particle 
mass. 

According to still another feature of our invention, we 
provide individual circulating channels with particle-mass 
conveying devices which connect the two heat-exchange 
zones outside of the above-mentioned duct structure in 
order to convey the mass particles in separate layers or 
strands from the lower heat-exchange zone to the other 
heat-exchange zone that is located on a higher level, while 
substantially maintaining the above-mentioned tempera 
ture distribution or graduation between the layers of the 
mass-particle ?ow that are being circulated. 

Effective performance of the heat exchanger constructed 
according to the invention is provided by the intermediate 
zone and the subdivided external circulating system for the 
particle mass flow, which produce a temperature diifer 
ence between the two gases in the respective conduit pairs 
that causes the occurrence of a temperature distribution 
or graduation in a direction perpendicular to the travel di 
rection of the mass particles operating as heat-transfer 
ring carriers, so that the heat exchange between the two 
gases in the respective conduit pairs corresponds, at least 
approximately, to counter-?ow principle. This provides 
on the one hand more favorable heat-exchanging condi 
tions and, on the other hand, a relatively large ?ow area 
for the heat-exchange zones to be traversed by the gaseous 
media, and also a small depth of the heat-exchange zones. 
The prerequisites are thereby met for securing a small 
pressure drop at very large gas-?ow quantities. 

In heat exchangers constructed according to the inven 
tion, the ?ow between the heat-exchanging zones is vir 
tually homogeneous and maintains a given strati?ed tem 
perature distribution. In the region of the heat-exchange 
zones, when the gas ?ow is particularly intensive, the ?ow 
0f the mass particles may become disturbed due to the 
fact that the boundary layers may become differently in 
?uenced by gas forces. According to another feature of 
our invention, such disturbances in the particle ?ow can 
be prevented by vertically inclining the heat-exchanging 
zones, i.e. those portions of the duct structure that con 
tain these zones, the inclination being at an angle at which 
the resultant of the gravity forces acting upon the mass 
particles and of the forces caused by the gas resistance 
encountered by the mass particles extends approximately 
in the longitudinal or axial direction of the heat-exchange 
zone. 

The above-mentioned and other objects and features 
of our invention, said features being set forth with par 
ticularity in the claims annexed ‘hereto, will be apparent 
from, and will be mentioned in, the following with refer 
ence to embodiments of heat exchangers according to the 
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invention illustrated by way of example on the accom 
panying drawings in which: 

FIG. 1 shows schematically ‘and in vertical section a 
heat-exchanger system constructed in accordance with 
the invention. 
FIG. 2 is a sectional view of the upper heat-exchanger 

zone and related ducts showing details of its construction. 
FIG. 3 is a sectional view taken along the line III—III 

in FIG. 2, in the direction of the arrows. 
FIG. 4 is a sectional view of the lower heat-exchanger 

zone showing construction details of the discharge duct 
system and the throughput regulating equipment. 
FIG. 5 is a sectional view taken along the line V—V 

in FIG. 4, in the direction of the arrows. 
FIG. 5a is a sectional view taken along the line Va—Va 

in FIG. 5, in the direction of the arrows. 
FIG. 6' shows schematically a somewhat modi?ed heat 

exchanger system in which the intermediate zone between 
the two heat-exchange zones is constricted in the ?ow 
direction of the gaseous media. 
FIG. 7 shows schematically another modi?cation of 

the system in which the cross section of the intermediate 
zone is constricted between the heat-exchange zones in a 
direction perpendicular to the gas-?ow direction. 
FIG. 8 shows schematically and in vertical section a 

further embodiment of the system in which the heat 
exchange zones are inclined so that the resulting force 
upon the mass particles extends in the longitudinal di_ 
rection of the heat-exchange zone. 

Referring now to the drawings and particularly to FIG. 
1, there is shown a vertically elongated duct structure of 
sheet metal which comprises an upper heat-exchange 
zone I and a lower heat-exchange zone II. Each of 
these zones is bordered by gas-permeable wall portions 1 
in the duct structure and by gas-impermeable walls or 
partitions 2 at the respective front and rear ends thereof. 
A gas conduit 3 supplies a stream of cold gas laterally 
into the heat-exchange zone I, the flow direction being 
indicated ‘by an arrow 4. The gas, after passing through 
the zone I and being heated therein, as described here 
inafter, leaves the heat exchanger through a gas conduit 
5 connected to the duct structure on the side opposite the 
gas supply duct 3. 
FIGS. 2 and 3 show an enlargement of the structure of 

the heat-exchanger zone I and the inlet duct system 6 for 
the mass particles. The gas-permeable wall portions 1 
are formed with a system of inclined ledges or louvers 1a 
which have a downward inclination from the outside to 
ward the inside and are spaced from one another similar 
to a jalousie. The louvers 1a are connected to the trans 
verse gas-impermeable walls 2. The gas-permeable walls 
1 permit passage of the gas stream from and to the con 
duits 3 and 5 respectively. The inlet duct system 6 for 
the particulate mass by means of which uniform distribu 
tion of the mass particles in the heat-exchanger zone is 
effected, consists of a plurality of parallel branches 611-60. 
Each of the branches 6a-6c provided for the layer-like 
distribution consists essentially of a distributor 6110 to Geo, 
respectively, and a number of divider pipes. The sec 
tional view in FIG. 3 taken along the line III—III of 
FIG. 2. clearly shows the arrangement of divider pipes 
6a1—6a3 for the channel branch 6a‘. 
Depending upon the temperatures, sheet-steel or ce 

ramic such as steatite, corundum or the like, is employed 
as material for the wall portions 1 and the louvers 1a, as 
well as for the conduits 3 and 5. 
For heating the gas ?ow, the heat-exchange zone I is 

supplied from above with a mass of ?ne-granular par 
ticles A for example in the form of steel sand, quartz sand 
or ceramic particles which, under the effect of gravity, 
pass downwardly through the duct. The cold gas pass 
ing through the particle mass transversely to the travel 
direction of the particle mass is heated by the particles 
which are at a higher temperature. The mass particles 
after passing through the zone I travel through an inter 
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A 
mediate zone III which is enclosed on all sides by a dense, 
impermeable wall portion 7 of the duct structure without 
change in the mass particle layers. The mass particles 
then pass downwardly into the heat-exchange zone II 
which, like the zone I, is bordered on two laterally op 
posite sides by gas-permeable wall portions 1, whereas 
impermeable wall portions 2 are provided at the axial 
sides of the zone. The structure of the zone II also cor 
responds to the structure of zone I as shown in FIGS. 
2 and 3. A pair of conduits 8 and 9‘ serve to pass a hot 
gas from the left to the right through the heat-exchange 
zone II, as is indicated by the arrow 11, this hot gas 
being, for example, the waste gas from a turbine (not 
shown) which, when passing through the zone II heats 
the mass particles A in this zone to a higher temperature. 
An outlet duct system 12 with a device 13 for regulat 

ing the throughput of the mass particles is provided for 
conducting the mass particles in layers out of zone II. 
The regulating apparatus 13 permits the feeding of the 
mass particles of the layers of varying temperatures 
through separate circulating ducts Ida-14c to the heat 
exchange zone II. 

FIGS. 4 and 5 separately illustrate more clearly the 
construction of the outlet duct system 12 for the mass 
particles which follows the heat-exchange zone II and 
which comprises three parallel branching channels 12a, 
12b, 12c and the throughput regulating apparatus 13. 
The parallel branches 12a—12c of the outlet duct system 
12 are arranged one behind the other in the travel direc 
tion of the gas stream ?owing through the heat-exchanger 
zone II. As shown in FIG. 5 which is a sectional view 
along the line V——V of FIG. 4, each of the channel 
branches 12a, 12b, 12c consists of a number of outlet 
pipes, pipes l2al—l2a3 in the case of the channel branch 
12a {see FIG. 5), the upper end of each channel branch 
discharging from inlet funnels arranged uniformly be 
neath the zone II, and the lower end of each channel 
branch being introduced into respective collecting boxes 
or reservoirs 12:10, 12120, 1200. Consequently parts of the 
stream of mass-particle layers are fed from the collecting 
boxes 12%, 12170 1200 through the multiple slide valve 13 
by means of the servo-mechanism drive 13a to the cir 
culating channels 14a to 140. The granular mass par 
ticles are then fed through the circulating channels 
Ilia-14c, which are provided with suitable feed mecha 
nisms 15a—15c known in the art and hereinafter de 
scribed, to the distributors 6a0~6c0 of the channel 
branches 6a-6c respectively above the heat-exchanger 
zone I in distinct layer distribution once again. 
To ensure uniform ?ow of the portions of mass par 

ticles through the channel branches 12111, 12:12, 12:23, 
which are shown in cross section in FIG. 5a, a view taken 
along the line Va—Va in FIG. 5, the branch pipes 12:11, 
12112, 12:13 are led into symmetrically subdivided cham 
bers of the collecting boxes 12:10, 12b0, 1200. The branch 
pipes 12:11-12:13 are located only at the upper part of the 
collecting boxes and an undivided ?ow space of un 
changing cross section is connected thereto within the 
collecting boxes. Due to the homogeneous flow of the 
mass-particle columns through the ?ow space in the col 
lecting boxes, the streams of portions of the particles are 
forced uniformly into the respective pipes lines 1201, 12a2, 
12(1'3. 
A screw conveyor 15a1 is shown in FIG. 1 as the feed 

apparatus 15a in the duct 14a, to which the mass particles 
?ow by force of gravity through the duct branch 14a 
which is suitably arranged beneath the zone II and 
throughput regulating apparatus 13. The screw conveyor 
15a, is rotatably driven by an electric motor 15:12. Cor 
responding screw conveyors are provided similarly in the 
ducts 14b and 140, but for simplicity’s sake are not shown 
in the drawing. The mass portions that form the various 
heat layers of zone II are raised by the screw conveyors 
into the separate channels Illa-14c and are led across the 
upper portions of the channels 14a—14c that are arranged 
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in inclined positions. Naturally, instead of screw con 
veyors, other feeding mechanisms can be provided, for 
example pneumatically operating feeding apparatuses, 
which raise the particles by means of gas pressure or 
the movement of a gas. 
The intermediate zone III is longer than the heat~ 

exchange zones in the direction of the particulate mass 
?ow. The intermediate zone thus separates the two heat 
exchange zones I and II which can be in certain cases 
under respectively different pressures, the intermediate 
zone being of su?icient length for minimizing any leak 
age ?ow of gas between the two conduit pairs. In the 
same manner, the flow resistance of the circulating chan 
nels or ducts 14a, 14b and 140 is provided with a length 
or cross section necessary for minimizing leakage ?ow of 
gas between the heat-exchange zones I and II. 
For supplying the heat~exchanger system with mass 

particles, a ?ller or supply duct 18 is provided above the 
zone I, and for discharging the particles from the system, 
a discharge duct system 19 is connected to the channel 
means 14a to 14c beneath the zone II. If desired, a gate 
or slider means similar to the control device 12 can be 
provided for closing the supply duct 18 and discharge 
duct system 19 with respect to the heat-exchanger system 
proper. The positions of zones I and II can also be 
interchanged, i.e. zone I for cold gas can be located be 
neath zone II for hot gas. 
The intermediate zone, the circulating channels for the 

heat-storin g particulate mass, and ‘the heat-exchange zones 
that are provided afford production and maintenance in 
the heat-exchange zones I and II of a temperature strati 
?cation or gradation so that, in conjunction with a cor 
responding directed gas ?ow and particulate-mass ?ow, 
heat exchange substantially in accordance with counter 
?ow principles is produced in a manner similar to the 
heat-exchangin g performance of the aforementioned rotor 
type exchangers known in the art which operate with 
rough mass particles. The ‘temperature distribution in 
the form of layers produced by the heat-storing mass 
particles which pass ‘through the heat-exchange zones I 
and II and the intermediate zone III essentially without 
turbulence or vortex formation and thus in piston or 
laminar flow. form parallel to the walls 1, 2, 7 of these 
respective zones, and the separate circulation channels 
14a, 14b, 140, ‘which can be provided in any desired 
number, then return the massaparticle ?ow tront zone 
II to zone I through the inlet hoppers or funnels 6a to 
60 with the same temperature distribution. To secure 
proper guidance of the mass particles in the form of such 
temperature-graduated layers, the duct structure can be 
provided with ‘guiding partitions such as those shown at 
16, particularly in the intermediate zone III. The parti 
tions consist preferably ‘of sheet metal and are spaced 
from each other in a direction transverse to the-particle 
?ow direction, each partition extending in a plane per~ 
pendicular to the direction of gas flow through the two 
pairs of gas conduits 3, 5 and 8, 9. 

It is generally preferable to leave the heat-exchange 
zones I and 11 free of such intermediate partitions in 
order to minimize the resulting pressure drop. If desired, 
however, gas-permeable partitions or wall portions can 
also be provided in the heat-exchange zones. In this case, 
the permeable partitions, like the Wall portions 1, may 
consist of plates or pro?le structures that extend parallel 
to each other in the ?ow direction of the particle mass 
and are provided with louvered slots extending in the 
particle-?ow direction and permitting the gas to pass 
through the partitions. 
The provision of intermediate partitions members 16 

is of particular advantage in heat exchangers that have 
a flow cross section for the particulate material which 
varies along the intermediate zone III. An embodiment 
of this kind is illustrated 11 FIG. 6 which shows essen 
tially only the duct structure and gas conduits, the sys 
tem being otherwise in accordance with that described 
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6 
above with reference to FIG. 1. In the exchanger ac 
cording to FIG. 6 the vertical duct structure has a con 
stricted cross section along the major length of the inter 
mediate zone III and is provided with partitioning inserts. 
16 corresponding to those shown in FIG. 1 but merging 
with traditional portions 17 at the localities where the con 
duit portion of wider cross section merges gradually with 
the portion of smaller cross section. The reduction 
in cross section ‘within the intermediate zone III of this 
embodiment is in a direction parallel to the :axial or gas 
?o‘w direction of the gas conduits 3, 5 and 8, 9. In 
contrast thereto, FIG. 7 shows» schematically the inter 
mediate-zone portion of another modi?cation, seen at a 
right angle to the plane of illustration corresponding to 
FIG. 6. According to FIG. 7, the cross section ‘of the 
intermediate zone III is constricted in a direction per~ 
pendicular to the ?as-?ow axis of the gas conduits and 
hence in a direction perpendlcular to the temperature 
Strati?cation of the» particle ?ow in the duct structure. 
In an embodiment of the latter type subdividing partition 
ing members within the intermediate zone III can be 
dispensed with because suitable shaping of the ?ow cross 
section in the duct structure causes the particle flow to 
behave similar to a viscous flow mass which is not ap 
preciably disturbed with respect to the path of the in 
dividual mass particles. 
The heat exchanger exempli?ed in FIG. 8 differs ‘from 

that ‘of FIG. 1 essentially in that the two heat-exchange 
zones I and II are inclined at an angle a with respect 
to the vertical. Accordingly as shown 
diagram at 20‘ in zones I .and II, the resultant r or’ the 
gravity component g acting upon the individual mass 
particles and the force component w stemming from the 
gas resistance, extends parallel to the longitudinal (axial) 
direction of the respective heat-exchange zones. The em 
bodiment according to FIG. 8 is further provided with 
arouate guide ‘members 21 of sheet metal in the curved 
regions of the device, namely between the vertically ex 
tending portions of the duct structure and the inclined 
portions. In other respects the embodiment corresponds 
generally to‘ the one described above with reference to 
FIG. 1, this being apparent from the use of the same 
reference characters for corresponding elements respec 
tively. 
To those skilled in the art it will .be obvious upon a 

study of this disclosure that heat exchangers according to 
our invention can be modi?ed in various respects and 
hence can be given embodiments other than particularly 
illustrated and described herein, without departing from 
the essential features of our invention and within the scope 
of the claims annexed hereto. 
We claim: 
1. A heat exchanger comprising a duct structure to be 

traversed by a flow of heat-storing particles, said struc 
ture forming two heat-exchange zones spaced from each 
other along the particle-?ow direction, two pairs of gas 
conduits for passing two currents of gas through said 
respective zones, said duct structure extending between the 
two conduits of each pair and having respective gas 
permeable wall portions through which the two conduits 
of each pair communicate with each other through one of 
said zones, circulatory particle-mass distributing means 
communicating with said duct structure for circulating 
therethrough a particle flow of substantially uniform layer 
distribution in the particle-?ow direction whereby the 
flow layers assume respectively graduated temperatures 
due to temperature difference of the respective gases pass 
ing through said two pair of conduits, and means for 
maintaining substantially the same temperature distribu 
tion in the layers of particle ?ow from one to the other 
of said heat-exchange zones, said conduit pairs having a 
gas~?ow direction transverse to the particle-flow direction 
of said duct structure and in heat-exchanging counter 
?ow relation to each other. 

2. In a heat exchanger according to claim 1, said duct 

..._a 

by the force _ 
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5 structure having between said two heat-exchange zones 
an intermediate zone of the same duct cross section as said 

i heat-exchange zones. 
‘ 3. In a heat exchanger according to claim 1, said duct 
istructure having between said two heat-exchanger zones 
an intermediate zone, whose cross section is smaller than 
that of said heat-exchange zones, and guide partitions 
mounted in said intermediate zone and extending sub 
stantially parallel to the duct axis in planes perpendicular 
to the gas-?ow direction. 

4. A heat exchanger comprising a duct structure elon 
gated in generally vertical direction to be downwardly 
traversed by a flow of heat-storing particles, said structure 
forming upper and lower heat-exchange zones vertically 
spaced from each other, two pairs of gas conduits for 
passing two currents of gas through said respective zones, 
said duct structure extending between the two conduits of 
each pair and having respective gas-permeable wall por 
tions through which the two conduits of each pair com 
municate with each other through one of said zones, par 
ticle-mass circulating means having a plurality of separate 
channels extending outside of said duct structure from 
below said lower zone to above said upper zone for cir 
culating through said duct structure, a particle flow of 
substantially uniform layer distribution in the particle 
flow direction whereby the ?ow layers assume respectively 
graduated temperatures due to temperature difference of 
the respective gases passing through said two pairs of 
conduits and means for maintaining substantially the same 

~ temperature distribution in the layers of particle ?ow from 
one to the other of said heat-exchange zones, said con 
duit pairs having a gas-?ow direction transverse to the 
particle-?ow direction of said duct structure and in heat 
exchanging counter-?ow relation to each other. 

5. A heat exchanger comprising a duct structure elon 
gated in generally vertical direction to be downwardly 
traversed by a flow of heat-storing particles, said structure 
forming upper and lower heat-exchange zones vertically 
spaced from each other, two pairs of gas conduits for 
passing two currents of gas through said respective zones, 
said duct structure extending between the two conduits 
of each pair and having respective gas-permeable wall por 
tions through which the two conduits of each pair com~ 
municate with each other through one of said zones, par 
ticle-mass circulating means having a plurality of separate 
channels extending outside of said duct structure from be 
low said lower zone to above said upper zone for circulat 
ing through said duct structure, a particle ?ow of substan 
tially uniform layer distribution in the particle-flow di 
rection whereby the flow layers assume respectively gradu 
ated temperatures due to temperature difference of the 
respective gases passing through said two pairs of con 
duits, said conduit pairs having a gas-?ow direction trans 
verse to the particle-?ow direction of said duct structure 
and in heat-exchanging counter-flow relation to each 
other, said duct structure having respective portions con 
taining said zones, with the longitudinal center lines of 
said portions being inclined with respect to the vertical 
so the said center lines extend parallel to the line of action 
of the resultant of the force of gravity on a heat-storing 
particle and the frictional drag force resulting from the 
gas current ?owing past a heat-storing particle. 

6. A heat exchanger comprising a duct structure elon 
gated in generally vertical direction to be downwardly 
traversed by a ?ow of heat-storing particles, said structure 
forming upper and lower heat-exchange zones vertically 
spaced from each other, two pairs of gas conduits for 
passing two currents of gas through said respective zones, 
said duct structure extending between the two conduits of 
each pair and having respective gas-permeable wall por 
tions through which the two conduits of each pair com 
municate with each other through one of said zones, par 
ticle-mass circulating means having a plurality of separate 
channels extending outside of said duct structure from 
below said lower zone to above said upper zone for cir 
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culating through said duct structure, a particle flow of 
substantially uniform layer distribution in the particle 
?ow direction whereby the ?ow layers assume respec 
tively graduated temperatures due to temperature dif 
ference of the respective gases passing through said two 
pairs of conduits, said conduit pairs having a gas-?ow 
direction transverse to the particle-?ow direction of said 
duct structure and in heat-exchanging counter-?ow re 
lation to each other, said duct structure having portions 
extending substantially vertically and portions inclined to 
the vertical, said zones being located in said inclined duct 
portions respectively, and partition members inserted 
between said vertical and said inclined portions for guid 
ing the mass particles at the curved path localities, said 
members extending in the particle-?ow direction in paral 
lel and spaced relation to one another. 

7. A heat exchanger comprising a duct structure to 
be traversed by a flow of heat-storing particles, said struc 
ture forming two heat-exchange zones spaced from each 
other along the particles-?ow direction, two pairs of gas 
conduits for passing two currents of gas through said re 
spective zones, said duct structure extending between the 
two conduits of each pair and having respective gas 
permeable wall portions through which the two conduits 
of each pair communicate with each other through one 
of said zones, circulatory particle-mass distributing means 
communicating with said duct structure for circulating 
therethrough a particle ?ow of substantially uniform layer 
distribution in the particle-flow direction whereby the 
?ow layers assume respectively graduated temperatures 
due to temperature difference of the respective gases pass 
ing through said two pairs ‘of conduits, said circulatory 
distributing means comprising a plurality of substantially 
parallel conduits having a plurality of inlet and outlet 
channel systems connecting respectively with said heat 
exchanger zones for providing uniform passage of the 
layer particles to and from said heat-exchanger zones so 
that substantially the same temperature distribution is 
maintained in the layers of particle flow from one to the 
other to said heat-exchanger zones, said conduit pairs 
having a gas-?ow direction transverse to the particle-?ow 
direction of vsaid duct structure and in heat-exchanging 
counter-?ow relation to each other. , 

8. A heat exchanger comprising a duct structure to be 
traversed by a ?ow of heat-storing particles, said structure 
forming two-heat exchange zones spaced from each other 
along the particle-?ow direction, two pairs of gas conduits 
for passing two currents of gas through said respective 
zones, said duct structure extending between the two 
conduits of each pair and having respective gas-permea 
ble wall portions through which the two conduits of each 
pair communicate with each other through one of said 
zones, circulatory particle-mass distributing means com 
municating with said duct structure for circulating there 
through a particle How of substantially uniform layer 
distribution in the particle-flow direction whereby the 
?ow layers assume respectively graduated temperatures 
due to temperature difference of the respective gases pass 
ing through said two pairs of conduits, said circulatory 
distributing means comprising a plurality of substantially 
parallel conduits having a plurality of inlet and outlet 
channel systems connecting respectively with said heat 
exchanger zones for providing uniform passage of the 
layer particles to and from said heat-exchanger zones, 
said conduit pairs having a gas-flow direction transverse 
to the particle-?ow ‘direction of said duct structure and 
in heat-exchanging counter-?ow relation to each other, 
said inlet channel systems including a plurality of distribu 
tion chambers and said outlet channel systems including 
a plurality of collection boxes. 

9. In a heat exchanger according to claim 8, a portion 
of said collection boxes being ‘formed with a plurality 
of subdivided symmetrical chambers and a portion of 
said collection boxes having an undivided ?ow space of 
uniform cross section, a plurality of channel members 
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connecting the respective theat-exchange zone with the 
subdivided chambers of said collection boxes. 

10. In a heat exchanger according to claim 1, regulat 
ing means provided in said circulatory distributing means 
for regulating the ?ow of particles through said distribut 
ing means. ' 

11. A heat exchanger comprising a duct structure to 
be traversed by a ?ow of heat-storing particles, said struc 
ture forming two heat-exchange zones spaced from each 
other along the particle-?ow direction, two pairs of gas 
conduits for passing two currents of gas through said 
respective zones, said duct structure extending between 
the two conduits of each pair and having respective gas 
permeable .wall portions through which the two conduits 
of each pair communicate with each other through one of 
said zones, circulatory particle~mass distributing means 
communicating with said duct structure for circulating 
therethrough a particle ?ow of substantially uniform layer 
distribution in the particle-?ow direction whereby the flow 
layers assume respectively graduated temperatures due 
to temperature difference of the respective gases passing 
through said two pairs of conduits, said conduit pairs hav 
ing a gas-?ow direction transverse to the particle-?ow 
direction of said duct structure and in heat-exchanging 
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10 
counter-?ow relation to each other, regulating means pro- ; 
vided in said circulatory distributing means for regulating 
the ?ow of particles through said distributing means, said t 

circulatory distributing means comprising 1 plurality of g 
substantially parallel conduits and said regulating means ‘ 
comprising a multiple slide valve inserted. in said conduits 
for regulating the substantially uniform distribution of 
particles through said conduits. 
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