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[57] ABSTRACT 

A heat exchanger consists of a stack of rectangular cor 
rugated plates whose corrugations run at angles of 45° 
to the longitudinal sides of the plates with bent edges 
of pairs of adjoining plates sealed together to define re 
spective flow compartments for the heat exchange ?u 
ids. Each pair of contacting plates is rotated through 
180° with respect to the adjoining plate so that the cor 
rugations cross one another. Between the plates whose 
bent edges are turned toward one anothenstacks of 
similarly corrugated plates are provided to constitute a 
regenerative heat exchange packing ‘or heat-storage 
reservoir. 

7 Claims, 6 Drawing Figures 
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HEAT EXCHANGER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Our present application relates to application Ser. 
No. 773,082, ?led Nov. 4, 1968 now US. Pat. No. 
3,610,330 granted Oct. 5, 1971 and entitled HEAT 
EXCHANGER and application Ser. No. 45,976, ?led 
June 15, 1970 and entitled HEAT EXCHANGER. 
Both of these prior applications are commonly owned 
with the present case, the ?rst being ?led in the name 
of Gama] El Din NASSER and the latter by us jointly. 

FIELD OF THE INVENTION 

The instant application relates to heat-exchanger 
structures for the effective transfer of heat among two 
or more ?uids and, more particularly, to a heat ex 
changer operating at least in part on regenerative prin 
ciples. 

BACKGROUND OF THE INVENTION 

Plate-type heat exchangers, in which pairs of adja 
cent plates de?ne ?ow chambers for one or more ?uids 
adapted to traverse the stack of plates between a ?uid 
outlet and a ?uid inlet are well known in the art as a dis 
tinct type of heat exchanger, to be compared or con 
trasted with tube-nest heat-exchangers and tube 
bundle heat exchangers. In plate-type heat exchangers, 
moreover, it has been proposed to provide corrugated 
plates or to deform the plates more or less uniformly in 
order to promote turbulence and increase the heat 
transfer rate from one fluid to the other through the 
plate-like wall separating the respective ?ow compart 
ments. For the most part, plate-type heat exchangers of 
conventional construction are expensive, have insuffi 
cient heat-exchange efficiency and cannot be assem 
bled conveniently. Furthermore, they may be charac~ 
terized by a lack of versatility for numerous ?uids and 
methods of heat transfer. 
At this point, we should mention that numerous 

modes of heat transfer are common in the art. In direct 
heat exchange, for example, one heat-transfer ?uid 
may be passed in counter-current to the other (e.g. 
when the ?rst is a rising gas and the second is a de 
scending curtain of liquid) so that the heat of the for 
mer is transferred to the latter by direct contact and 
without any intermittent heat storage or without any 
conductive transfer between them. In one indirect 
heat-transfer technique, one heat-exchange ?uid is 
vpassed through a ?ow compartment of a heat 
exchanger de?ned by a thermally conductive wall 
which simultaneously is contacted on the opposite side 
by a second heat-transfer ?uid. Although the transfer . 
of heat to the wall by the warmer ?uid and the absorp‘ 
tion of heat from the wall by the cooler ?uid takes 
place simultaneously, the transfer is nevertheless indi 
rect since it requires the intermediary of the wall. In 
this case, the wall prevents mixing of the ?uids but al 
lows heat transfer from one to the other. In another in— 
direct heat-exchange mode, a heat-storage reservoir is 
provided in the heat exchanger and may be contacted 
with a relatively warm ?uid to raise the temperature of 
the mass and subsequently by a relatively cool ?uid to 
abstract heat from the mass. The abstraction of heat 
from the mass may be considered a storage of cold 
therein, the “cold” being transferred to a relativelyv 
warm ?uid at the start of the mixed cycle. The latter 
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2 
heat-exchange mode is often termed regenerative, 
since the transfer from one ?uid to the other takes 
place via a thermal storage reservoir and in two distinct 
phases separated in time. Frequently it is desirable to 
use a heat exchanger for simultaneous indirect heat ex 
change and regenerative heat exchange, for a larger 
number of fluids than most conventional heat exchang~ 
ers can successfully employ, and with high heat 
exchange efficiency and low capital cost. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide an im 
proved heat exchanger wherein the aforementioned 
disadvantages are avoided. 

It is also an object of the invention to provide a low 
cost, highly versatile, easily assembled and high effi 
ciency heat exchanger. 

SUMMARY OF THE INVENTION 
These objects, and others which will become appar 

ent hereinafter, are attained in accordance with the in 
vention with a heat exchanger comprising a stack of 
rectangular corrugated plates whose corrugations run 
at angles of 45° to the longitudinal and transverse sides 
of the plates. The latter have inwardly bent (quarter 
round) edges sealed to the edges of adjoining plates 
with the thus-paired plates in back-to-back relationship 
with the adjacent pairs. Each pair of contacting plates 
is rotated (spatially) through l80° with respect to the 
alternating therewith so that the corrugation arrays are 
mutually crossing on mutually adjacent plates. Between 
the plates whose bent edges are turned toward one an 
other, stacks of similarly corrugated plates are pro 
vided in spaced relationship to constitute a regenera 
tive heat-exchanger packing. 

In accordance with the invention and with principles 
defined in application Ser. No. 773,082 and application 
Ser. No. 45,976 mentioned earlier, heat-exchanger 
compartments are created by welding, soldering or oth 
erwise sealing together the mutually confronting lips or 
edges of a pair of corrugated sheet-metal plates, the 
plates being spaced from one another to de?ned one 
compartment and de?ne with other plates one or more 
additional compartments. _ ‘ 

More speci?cally, application Ser. No. 773,082 pro 
vides a heat exchanger in which the corrugated plates 
form tube bundles. Thus, each pair of tube plates lying 
in planes parallel to the array of mutually parallel tubes 
to be formed therebetween has, on confronting sides, 
a plurality of spaced-apart confronting concavities or _ 
corrugations which mutually register to constitute the 
respective tubes between them. The relatively thin-wall 
plates are preferably formed with the respective con 
cavities by deformation of the plates in the manner or 
corrugations with each concavity extending over an arc 
segment of about 180°. The concavities are separated 
by webs which lie in a diametral plane of the array and 
are generally planar so as to be coextensive with the 
corresponding webs of the confronting plate. These 
ribs, when each pair of plates is assembled with the 
plates in mutually confronting relationship, form the 
reinforcing ribs between each pair of tubes of the par 
ticular array. The tubular members are constituted by 
semi-cylindrical corrugation troughs which, as noted, 
register with the troughs of the oppositely facing plate. 
The plates are generally rectangular in plan view but 
are formed at their small sides or ends with outwardly 
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?ared or bent quarter-round ?anges or marginal por 
tions which are welded to the outwardly turned corre 
sponding ?anges of neighboring plates of adjacent ar 
rays. The interconnected ?anges thus form end walls or 
“bottoms” of the chamber between the tubes of the ar 
rays. The longitudinal edges of the plates of each array, 
which run parallel to the corrugations and thus to the 
tubes constituted thereby, are welded together. 

In the application Ser. No. 45,976, ?led by us jointly, 
similar principles apply. in this system the heat ex 
changer basically comprises a cylindrical casing having 
a vertical axis and a prismatic heat-exchange body hav 
in g at least four surfaces lying along chords or the cylln~ 
der and de?ning chambers and ducts therewith which 
communicate with the body of the heat-exchanger unit. 
The prismatic assembly consists of a plurality of paral 
lel arrays of parallel passages, each array of passages 
being de?ned between a pair of plates formed with con 
fronting semi-cylindricai cavities which register to pro 
vide tubes of circular cross-section. The spaces be 
tween the pair of plates and the tube arrays de?ne inner 
compartments which are closed at top and bottom by 
outwardly ?ared ?anges or marginal portions of the 
plates de?ning each tube array and butt-welded to 
gether along horizontal seams. The plates are so con 
structed and arranged as to be of identical geometric 
con?guration but are rotated relative to one another 
through 180° about an axis parallel to the plane of the 
plate whereby only a single type of plate need be used. 
One of the objects of the present invention, brie?y 

described above, is to extend the principles originally 
set forth in the commonly assigned copending applica 
tion mentioned above to provide a heat exchanger of 
improved efficiency and quality and of reduced assem 
bling and capital costs. 
The present invention is also intended to provide a 

heat-storage or cold-storage capacity in a plate-type 
heat exchanger of the kind described generally above 
and in the afore-mentioned copending applications, to 
provide a heat-exchanger structure which is capable of 
withstanding elevated pressures without signi?cant dis 
tortion and without excessively thick plates, to provide 
a regenerative heat exchanger adapted to be traversed 
by pure ?uids without contamination as well as by rela 
tively impure ?uids capable of precipitating compo 
nents in the regenerator sections, and to provide a sim 
pli?ed high-ef?ciency transfer of heat among two or 
more ?uids. 
To this end, the heat exchanger of the present inven 

tion comprises a stack of pairs of primary plates, the 
plates of each pair being sealed together along at least 
some of their edges and being generally coextensive to 
de?ne ?uid compartments between them. The pairs of 
plates are, in turn, stacked in pressure-transmitting re 
lationship with one another to de?ne additional ?ow 
cross-sections for one or more ?uids, while within the 
compartments de?ned between the plates of each pair 
there are provided secondary stacks of plates in 
spaced-apart relationship along the direction of ?uid 
?ow and in force-transmitting relationship among 
themselves and the walls of the compartment between 
which they are sandwiched. The primary plates as well 
as the secondary plates are preferably provided with 
arrays of parallel corrugations or like formations or 
protuberances which engage other plates at numerous 
contact points substantially uniformly distributed over 
the areas of the plates. Since the stacks of secondary 
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6 
plates resist inward deformation of the primary plates 
between which they are sandwiched and the primary 
plates of each pair bear in force-transmitting relation 
ship on similar pairs of primary plates, the entire assem 
bly is resistant to compression or expansion forces re 
sulting from gas pressure differentials across the plates. 
The primary plates of each pair advantageously are of 
identical geometrical configuration but are rotated one 
with respect to another about an axis in the main flow 
direction or parallel to an edge of the generally rectan 
gular plates. Furthermore, the plates of the secondary 
stacks may be of identical geometrical con?guration 
and are coextensive while also being rotated, one with 
respect to another, through 180° about an axis parallel 
to the ?uid-?ow direction or a longitudinal edge. in this 
way, the corrugations of mutually abutting plates each 
lying at an angle to the edges cross one another so that 
contact points are de?ned by each crossing. 
The spaced-apart secondary stack of plates form 

heat-storage means for alternately storing heat or cold 
and transferring heat or cold to the next ?uid passing 
through the compartments between the paired plates. 
The system just described has, inter alia, the advantage 
that the heat-storage masses are formed by plates geo 
metrically similar to those used for the concurrent indi 
rect heat exchange between ?uids traversing compart 
ments separated by these plates. Construction of the 
heat exchanger is thereby greatly simpli?ed and made 
less expensive. 
According to a more speci?c feature of the inven 

tion, all of the plates have similar corrugations oriented 
at the same angle to the longitudinal and traverse edges 
of the plates, preferably an angle-of 45°, so that the 
crossover points or contact points are de?ned between 
corrugations lying at right angles to one another. The 
heat exchanger of the present invention ?nds consider 
able utility where a reversing type of operation is to be 
carried out. In these cases, the regenerative portion of 
the heat exchanger is alternately supplied with a rela 
tively warm impure ?uid from which undesired compo 
nents can be precipitated as the ?uid contacts the pre 
viously cooled heat-storage mass. A sparging gas may 
then be fed through the regenerator compartments to 
remove these residues during the next half-cycle. Typi 
cal of a heat exchanger for this purpose are the heat ex 
changers which are required in air-recti?cation instal 
lations. In such installations, a raw gas, usually air, is 
cooled by passage through a regenerator ?ow cross 
section and deposits relatively high-boiling-point com 
ponents such as water vapor and carbon dioxide 
therein. The cold required for the purpose is drawn 
from one or more relatively pure gases of the recti?ca 
tion installation, namely oxygen or nitrogen, which may 
be passed through heat-exchanger compartments tra 
versed only by these high-purity components and hence 
free from the danger of contamination. When the cold 
is abstracted from the heat-storage mass, a sparging gas 
can be passed through the compartment to remove the 
deposited impurities. The system of the present inven 
tion is especially advantageous in that it can be used for 
this purpose. 
Thus another feature of the present invention resides 

in the provision of a regenerative heat exchanger with 
reversible and interchangeable functions of the several 
compartments. The heat exchanger thus includes at 
least one, but preferably a plurality of regenerator com 
partments containing secondary stacks of plates and 
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interchangeable in function for the alternate passage of 
a raw gas such as air or an impure recti?cation product 
such as impure nitrogen, and a sparging gas or some 
other gas residue designed to flush impurities from this 
compartment. The compartments between pairs of pri 
mary plates may then be used only for the passage of 
pure components such as pure oxygen and pure nitro 
gen. 
We have found, in practice, that for given quantities, 

pressure drops and heat-transfer characteristics, the 
heat exchanger of the present invention can be made 
much more simply and inexpensively than tube-coil, 
tube-bundle, packed-column and like heat exchangers 
as have conventionally been used heretofore for air 
recti?cation purposes. Moreover, the thickness of the 
plates, spacing, corrugation depth, con?guration and 
width can be adjusted to vary the mass of the heat 
storage members and thus provide optimum results 
from a thermodynamic viewpoint. Since each plate is 
supported at numerous contact points against each ad 
jacent plate, high pressures may be accommodated. To 
reduce conductive heat transfer in the ?uid-?ow direc 
tion, we also prefer to make the heat-storage stacks rel 
atively short and to provide narrow gaps between them. 

DESCRIPTION OF THE DRAWING 

The above and other objects, features and advan 
tages of the present invention will become more readily 
apparent from the following description, reference 
being made to the accompanying drawing in which: 
FIG. 1 is a portion of a longitudinal cross-section 

through a stack of heat-exchanger plates according to 
the invention and corresponding to a section along line 
I -— I of FIG. 3; 

FIG. 2 is another fragmentary cross-sectional view, in 
plan, taken along the line II —- II of FIG. 4; 
FIG. 3 is a partial cross-section taken into different 

horizontal planes generally along the line III — III of 
FIG. 4; 
FIG. 4 is a view partly in elevation and partly in sec 

tion- along the line IV — IV of FIG. 5 of a heat ex 
changer according to the invention; 
FIG. 5 is a cross-sectional view orthogonal to the sec 

tion of FIG. 4 and taken generally along the line V — 
V thereof; and 
FIG. 6 is a perspective view illustrating one portion 

of a plate embodying the invention. 

SPECIFIC DESCRIPTION 

In the following description, similar or identical ref 
erence numerals will represent elements having identi 
cal functions and structures although they may be as 
sembled differently from one embodiment to the next. 
Before discussing the structure illustrated in FIGS. 

1—5, reference is made to FIG. 6 which discloses a por 
tion of a heat-exchanger plate according to the inven 
tion as will be used in the several embodiments. This 
plate, represented at 100, is seen to have V-section cor 
rugations 101 whose crests 102 lie in a plane 103 
spaced away from the plane 104 from which the end 
105 of the plate is bent in a quarter-round lip or ?ange. 
Thus, two confronting plates welded together will pro 
vide a semicylindrical dome for the chamber between 
the corresponding planes 104. The corrugations 101 
are separated by troughs 106 open toward the plane 
163 and away from the plane 104 while the crests 107 
corresponding to these troughs terminate at the plane 
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6 
10%. Similarly, troughs 108 between the latter corruga 
tions open into the compartment de?ned between a 
pair of facing plates. The corrugations thus project 
from one side of the plates, here termed the reverse 
side, while no projections are seen except for the ?ange 
105 along the inner or obverse side of the plates. 
The corrugations 101 and, consequently, the respec 

tive troughs ms, 108 run at angles 3 of about 45° to the 
main ?uid-?ow direction represented by the arrow A 
and designated by the arrows 15 and 17 in FIG. 1. In 
addition, the corrugations de?ne angles a about 45° 
with the longitudinal edges of the plates which are of 
rectangular con?guration. Hence each plate is rotated 
through 180° about an axis parallel to either its longitu 
dinal or narrow edge, and juxtaposed with another 
plate not so rotated, the bent flanges or lips 105 will 
meet and the corrugations will run with similar inclina 
tions but opposite orientations so that the corrugations 
of one plate will run in an array approximately at right 
angles to the corrugations of the other plate. If two 
plate pairs are brought together in back-to-back rela 
tionship, i.e. with their respective reverse sides in con 
tact, the mutual rotation of 180° between them will re 
sult in criss-cross arrays of corrugations such that each 
corrugation will cross the corrugations of the other 
plate at a plurality of contact points. The fluid passing 
in the main ?ow direction through these crossing arrays 
of corrugations will be de?ected and perturbed to pro 
mote heat exchange. 
‘Referring now to FIG. 1, it can be seen that the basic 

element of a heat exchanger according to the present 
invention is a stack of substantially identical, rectangu 
lar corrugated sheet-metal plates 1, 2, 3, 4 and 5, pref 
erably composed of a material having a low corrodibil 
ity such as stainless steel or Monel metal. These plates 
may be constituted as described in connection with 
FIG. 6 and have edges 6, 7 which are bent through cyl 
inder segments of 90° of arc so that pairs of plates can 
have their adjoining lips welded or soldered together at 
seams 8 and 9 in the longitudinal direction. Plates 1 and 
2 are paired to de?ne compartment 18 and plates 3 and 
4 are paired to de?ne compartment 19. The plates 2 
and 3 of the adjoining pairs contact each other in back. 
to-back relationship and have their edges 10 and 11 
sealed together as best seen in FIG. 2. Similarly, the 
edges 12 of plate 4 and the edges 13 of plate 5 are 
sealed together, preferably by welding. The plates 2 
and 3 and the plates 4 and 5 thus contact one another 
along an imaginary common contact plane P or P’ 
along which the ?uid is permitted to ?ow, as repre 
sented by the arrows 14, 15 and 16, 17. The plates 1 
and 2 and the plates 3 and 4 de?ne the ?ow compart 
ment 18 and 19 through which other ?uids may be 
passed. . 

Each plate 1 — 5 is geometrically identical to all the 
other plates but is rotated about an axis parallel to the 
main ?ow'direction represented by arrows 14 — 16, 
through an angle of 180". within the compartments 18 
and 19 and thus between the plates 1 and 2 and be 
tween the plates 3 and 4, we provide a plurality of 
spaced-apart stacks 24, 25 or 26, 27 of packing plates 
corrugated similarly to the plates 1 - 5 but of smaller 
rectangular dimensions and without, bent lips, as al 
ready described. Such stacks are thus provided be 
tween each pair of plates having spaced-apart (noncon 
tacting) arrays of corrugations. In the embodiment il 
lustrated, these stacks of packing plates consist of pairs 
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of plates welded together in mutually facing relation- 
ship. In FIG. 1, for example, one stack consists of mutu 
ally facing plates 28, 29 and 30, 31, the first pair (2%, 
29) being in baclt-to-back relationship with the second 
pair (30, 31). Each pair of packing plates bears against 
the plane 104 (FIG. 6) of the interior of the compart 
meat 18 or 19. The corrugations of all of the sheet 
metal plates are substantially identical and run at an 
angle of 45° to the longitudinal or lateral edges of the 
rectangular plates whereby the corrugations of neigh 
boring plates are mutually orthogonal and cross one an 
other while the corrugations of one plate contact the 
other plate at a multiplicity of locations, thereby me 
chanically supporting the stack. 
Thus it can be seen that the primary plates 1, 2, and 

3, for example, form two separate neighboring plate 
pairs 1 and 2, 2 and 3 and these plate pairs form two 
separate compartments. One of the compartments is 
the compartment 18 and is provided with the stack of 
heat-storing plates 28 -— 31. The other compartment is 
formed between the confronting and engaging reverse 
sides of the plates 2 and 3. The first compartment is 
open in the direction of arrows 14 and l5, while the 
second compartment must be provided with lateral in 
lets and outlets for flow in the direction of arrows 
- 46. 

In FIG. 2, we have shown a section and a plan view 
of a heat-exchanger assembly embodying the present 
invention and differing slightly from the heat exchanger 
in FIG. 1 although identical reference numerals are 
used to identify similarly functioning elements. In this 
embodiment, the primary plates 1 and 2 and the pri 
mary plates 3 and 4 are joined in pairs by edge bars 21 
and 22 which sealingly connect the primary plates to 
de?ne the regenerator flow compartments. Between 
each of the primary plates 1, 2 and the primary plates 
3, 4, there is provided a secondary stack of heat-storage 
elements consisting of a single pair of plates 28a, 29a. 
The sealed edges of plates 1 and 2 are represented at 
20 and 11, respectively, while the edges of the plates 3 
and 4 are shown at 10 and 12. In this case, the bars 21 
and 22 are welded to the edges of the plates to de?ne 
the compartments and to separate the compartments 
from one another. - ' 

The flow paths can be of the type shown in FIG. 1 by 
arrows l4 — l7 and the stack of heat-exchanger plates 
in FIG. 2 can be seen to de?ne ?ow cross-sections 32 
— 37 and 38 - 43. Arrows 44 - 46 of FIG. I also demon 
strate the ?ow of fluids for the various compartments 
represented at 47 - 56. In the embodiment of FIG. 2 as 
in the embodiment of FIG. 1, the primary plates and 
the secondary plates are corrugated as described gener 
ally with respect to FIG. 6, with‘ the corrugations ex 
tending at angles of 45° to the flow direction and to the 
edges of sides of the rectangular plates. Since each 
crossover point of the corrugations of adjacent plates, 
which lie in orthogonal arrays, is de?ned by a pair of 
corrugations at right angles to one another and com 
pressive forces are applied perpendicular to the plates 
and the corrugations, the entire assembly is highly com 
pact and rigid, the corrugations providing additional 
structural strength and bending resistance. 

In FIGS. 3 - 5, we have shown a heat exchanger re 
ceiving the stacks of plates and forming a regenerator 
block for an air recti?cation installation of the LINDE 
F RANKL type. The heat exchanger thus serves for heat 
transfer between one or more pure gases, e.g. pure oxy 
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% 
gen and/or pure nitrogen, which are not to be contami~ 
nated, and interchangeable streams of impure gas (e.g. 
impure nitrogen or some other sparging gas) and a 
crude gas such as air. The various ?ttings, conduits and 
manifolds described hereinafter thus function as means 
for feeding the several gases to the respective ?ow 
cross-sections. In this heat exchanger, the primary 
plates 1 - 5 etc. de?ne respective compartments in 
pairs which receive the secondary stacks of corrugated 
plates 24 — 27 etc. already described. The assembly is 
generally a rectangular parallelepiped and is received 
in a generally rectangular paralellepipedal housing 61. 
The flow paths running in the direction of arrows l4 - 
17 and the partition walls 62 — 64 extending in this di 
rection maintain separations between the ?uids of high 
purity which traverse these flow paths through the heat 
exchanger. At opposite ends, the housing 61 is formed 
with semicylindrical domes 65, 66 for feeding fluids to 
the heat exchanger and recovering it therefrom (FIG. 
5), these domes being further subdivided by the parti 
tions 62 - and having inlet ?ttings 67 — 70 or outlet 
?ttings 71 - 74 (see FIG. 4). individual ?uids can thus 
be supplied through the inlet and outlet ?ttings and the 
respective compartments may be dimensioned in ac 
cordance with'the relative volumes of the gases. 
A further ?ow path through the heat exchanger ex 

tends from an inlet ?tting 75 of a semicylindrical distri 
bution dome 76 through the compartment 19a of the 
stack via the passages 77 thereof and then via an open 
ing 78 into a collection dome 79 and its outlet 80. A 
further generally similar flow path is provided, as best 
seen in FIG. 5, from an inlet pipe 81 and its semicylin 
drical distribution dome 82 through corresponding 
openings, not shown, through a compartment 18a of 
the stack which is parallel to the compartment 19a. The 
fluid can be collected in a dome 83 and delivered to an 
outlet 84. 
We also prefer to provide two additional similar flow 

paths between, for example, a pipe 85, the distribution 
dome 86, the plate stack, the collection dome 87 and 
a pipe 88 (FIG. 3) and between a pipe 89, a collection 
dome 90, flow passages in the stack and the dome 91 
with its ?ttings 92. Plate-type heat exchangers of the 
aforedescribed type have the principal advantage that 
a wide variety of switching possibilities exists between 
the ?ow passages and the use of the heat exchanger can 
be adjusted to be an optimum for any thermodynamic 
conditions. Thus, for example, between the ?ttings 67 
and 7 l or 68 and 72 or 69 and 73 or 70 and 74 different 
partial streams of ?uids can be passed in simultaneous 
indirect heat-exchanging relationship. The ratio of this 
total flow cross-section for any particular ?uid, consti 
tuting the sum of the individual partial cross-sections to 
the total flow cross-section for another fluid may be es 
tablished in accordance with the relative volumes of 
these fluids. The partitions 62 - 64 etc. are advanta 
geously adjustable to vary the cross’sections. 
When the system of FIGS. 3 - 5 is used as a regenera 

tive heat exchanger, for an air-recti?cation installation, 
pure oxygen or pure nitrogen or both (through separate 
flow paths) may be introduced at the cold end of the 
heat exchanger through inlets 67 - 70 while the warm 
pure product is recovered at outlets 71 - 74. The 
“cold” is transferred by conduction through the pri 
mary plates to the stacks of secondary plates 24 - 27. 
Through the chambers containing these heat-storage 
masses, the impure gas, e.g. air, is fed to cool the air 
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and precipitate impurities from it during one half-cycle 
while the chamber can be evacuated and sparged with 
a further gas during another half-cycle to remove these 
impurities. The ?ow paths through the regenerator 
compartments are thus provided with the aforemen 
tioned ?ttings 75 and 80, 81 and 84, 85 and 88 and 89 
and 92. If the impure gas or air is fed to two of the com 
partments by inlets 75 and 81, the sparging gas may be 
passed through the other two compartments in the op 
posite direction via inlets 88 and 92. In this case, the 
partition 63 etc. between the respective sections of the 
distribution domes must be pressure-tight. 
The stack of plates can also be provided such that the 

plates between the adjoining compartments 18 and 19 
are suf?ciently pressure-tight as to allow the impure gas 
or air to pass from inlet '75 to outlet 80 while the sparg 
ing gas is passed from inlet 84 to outlet 81, i.e. in coun 
tercurrent in adjoining compartments. Precautions may 
be taken for pressure equalization over the length of 
the heat exchanger although generally these are not 
necessary because of the manner of stacking as previ 
ously described. 

it should be apparent that the heat-storage masses 
need not only be disposed within pairs of primary plates 
de?ning the compartments, but may also be positioned 
between pairs of plates. The gases traversing the heat 
storage masses can pass linearly through the stack 
while the pure gases can pass laterally therethrough, 
and ?ttings may be provided at any level to recover gas 
of the desired temperature, e.g. to be supplied to an ex 
pansion turbine. The system allows the heat-exchange 
surface area to be increased at one side relative to the 
other and also enables the flow cross-section to be in 
creased at the warmer end of the heat exchanger to ac 
commodate the increased volume resulting from warm 
ing of the gas. 
We claim: 
1. A regenerative type heat exchanger,'comprising: 
housing means de?ning a space and provided with 

inlets and outlets for conducting at least two ?uids 
through said space; 

an assembly of mutually parallel substantially coex 
tensive corrugated primary plates having opposite 
parallel edges turned toward and welded to a re 
spective edge of another primary plate and forming 
a pair therewith, the plates of each pair being 
spaced apart and parallel to one another between 
the welded edges to form compartments travers 
able by one of said ?uids, each of said pairs of 
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plates being direct in contact with the primary 
plates of adjoining pairs and de?ning therewith 
passages traversable by the other of said ?uids, and 
respective stack of mutually coextensive corru 
gated secondary plates forming heat-storage reser 
voirs and each wholly received in a respective one 
of said compartments inwardly of the welded edges 
of the primary plates thereof, the crests of the cor 
rugations of adjacent secondary plates of each 
stack bearing upon another and the crests of the 
corrugations of the primary plates of each pair 
bearing upon the crests of corrugations of the sec 
ondary plates at the outer sides of the respective 
stack within each compartment. 

2. The heat exchanger de?ned in claim 1 wherein 
said primary plates are sealed in stacked relationship 
along edges other than the ?rst-mentioned edges by 
bars interposed between and welded to the primary 
plates. 

3. The heat exchanger de?ned in claim 1 wherein all 
of said secondary plates are geometrically identical and 
the secondary plates of each stack contact one another 
in front-to-back relationship, and the primary plates of 
said assembly are geometrically identical with alternate 
plates facing in opposite directions. 

4. The heat exchanger de?ned in claim 3 wherein 
said corrugations lie at angles of substantially 45° to the 
edges of the respective plates and said plates are all 
substantially rectangular, the crests of the corrugations 
of plates in contact with one another running in mutu 
ally orthogonal relationship. . 

5. The heat exchanger de?ned in claim 4 wherein 
said housing includes a dome extending along one side 
of said assembly and provided with a plurality of inlet 
?ttings, and partition means for subdividing said dome 
to form individual distribution chambers selectively 
communicating with said compartments. 

6. The heat exchanger de?ned in claim 4 wherein 
said edges turn toward each other of said primary 
plates and have quarter-cylindrical con?gurations. 

7. The heat exchanger de?ned in claim 6 wherein the 
crests along inner faces of the primary plates de?ning 
each compartment lie in respective planes between 
which the respective stack of secondary plates is sand~ 
wiched, the corrugations of said primary plates project 
ing outwardly away from the respective planes into di 
rect contact with the oppositely projecting corruga 
tions of the primary plates of an adjacent pair. 

* * * * * 


