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3,424,240 
CORRUGATED STACKED-PLATE 

HEAT EXCHANGER 
Wolfgang J. Stein, Milford, and Salvatore Straniti, Orange, 

Conn., assignors to Avco Corporation, Stratford, Conn., 
a corporation of Delaware 

Filed Aug. 26, 1966, Ser. No. 575,285 
U.S. C. 65-66 1. Claims 
Int. C. F28f3/04, 13/06 

ABSTRACT OF THE DISCLOSURE 
Plates of relatively thin material are formed in series 

one and series two types for stacking alternately in con 
struction pairs, with patterns of corrugations between 
spaced openings in the stacked plates. Alternate plates in 
each stack providing corrugated patterns with transverse 
relationship assuring turbulence-inciting structure in both 
primary and secondary flow passages. Pairs of plates are 
sealed together to form construction pairs which pairs 
are secured together to complete the structure of the 
Stack accomplished by sealing only two surfaces of sub 
stantially uniform thickness of plate. The construction of 
the stack of plates is accomplished without necessity for 
provision of tubular inlet and outlet channels extending 
through the stack. 

-arms reme 

This invention relates to a corrugated plate-type heat 
eXchanger. 

Heat exchange devices made up of a plurality of plates 
of relatively thin material, so formed and stacked as to 
provide heat transfer through said plates to and from a 
series of alternate primary and secondary flow passages 
formed between alternate plates so stacked, are known 
generally in the art. 
The improvements accomplished by the disclosure, 

herein constituting objects of the invention, include: 
Plates formed in series one and series two types for 

stacking alternately in construction pairs to form the 
stack; 

Plates formed with patterns of corrugations between 
spaced openings in the stacked plates extending across 
said plates, providing complementing channel-forming 
wave formations for fluid flow across the plates with ad 
ditional formations on series one and series two plates 
providing surface contact adjacent the openings to form 
construction pairs of plates by sealing surfaces around 
the openings; 

Alternate plates in said stack providing corrugated pat 
terns with transverse relationship of such corrugations 
on each of the facing plates in said stack, thereby provid 
ing turbulence-inciting transverse relationship of corruga 
tions in both primary and secondary flow passages; 

Formations on series one and series two plates afford 
ing displaced planar surfaces on the edges of the plates 
to connect together construction pairs by sealing the edges 
of said plates; 
Means to seal pairs of plates together to form con 

struction pairs and to seal construction pairs together to 
complete a stacked series of plates with alternate primary 
and secondary flow passages, the sealing accomplished by 
sealing only surfaces of two uniform thicknesses of plate 
while accomplishing the definition and confinement of 
alternate primary and secondary flow passages with inlet 
and outlet thereto with no additional inlet and outlet 
conduit within the stack; 
Means to seal in aforesaid structure accomplished by 

welding or brazing of plates of uniform thickness as the 
sole connecting means for completing such assembly. 
The aforesaid plate structure enables a stacked-plate 

construction to be assembled together with the joints in 
said assembly accomplished solely by welding or brazing 
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of two plate surfaces contacting each other with such 
plate surfaces formed from two plates of uniform thick 
ness, thereby limiting the internal stresses in said structure 
resulting from growth of the metal during wide range 
of temperature variation; such structure and means of 
assembly also obviating the necessity for tubular inlet and 
outlet channels extending longitudinally of the stack and, 
further, without necessity for provision in the stack of 
connections and inlet and outlet openings from such tubes 
to and from heat transfer channels in the stack. 
The above and other objects of the invention will ap 

pear more fully from the following more detailed descrip 
tion and by reference to the accompanying drawings 
forming a part hereof and wherein: 
FIGURE 1 is a perspective view of a plate-type heat 

exchange device made up of a plurality of stacked plates 
annular in form and providing for heat transfer from 
a high-temperature fluid flow, which might flow inward 
or outward through the stack, but here shown as an ex 
haust gas from the center annular region, flowing out 
ward through alternate plates of the stack and trans 
ferring heat through the plates to secondary fluid flow 
between alternate plates in the stack. 
FIGURE 2 is a gas turbine engine schematic wherein 

the position of the stacked-plate heat exchange unit is 
indicated in diagrammatic form as related to the fluid flow 
through a gas turbine engine. 
FIGURE 3 is an end view, cross section, partly broken 

away, of the stacked-plate heat exchange device substan 
tially like that shown in FIGURES 1 and 2 as it may be 
installed in an engine with certain regions of the plates 
broken away to show the relative positioning of passage 
ways in the plates formed by corrugation patterns and 
further formations in the plates providing for stacking and 
forming primary and secondary flow passages through the 
plate stack. 

Referring to the drawings and particularly to FIGURE 
1, a multiplicity of plates 10 of relatively thin material 
make up a stack 12, forming the heat exchange unit of 
generally annular form, shown in FIGURE 1. Such unit 
is particularly adapted for use as a regenerator for a gas 
turbine engine, which is an illustrative embodiment of the 
heat exchange device of this invention. 

Also referring to FIGURE 1, a primary fluid-flow pas 
sage 14 centrally of the annular stack is provided. Such 
fluid flow might be the hot exhaust gases from a power 
plant, such as a gas turbine engine. The heavy line arrows 
of FIGURE 1 show the flow of hot gases from the cen 
tral flow passage 14 continuing radially outward between 
alternate plates of the stack 12 to the outside of the 
stack in primary flow passages 15. Heat transfer is thus 
accomplished from primary fluid-flow passages through 
the one thickness of the plates 10 into adjacent alternate 
secondary fluid-flow passages 16. These secondary fluid 
flow passages 16 are, in this illustration, for the air flow 
from the compressor of the engine entering the stack 
through inlet openings 18 and passing through the sec 
ondary fluid-flow passage 6 to alternate outlets 20. The 
multiplicity of secondary fluid-flow passages 16 alternates 
with primary fluid-flow passages 15 between alternate 
plates and thus effect the heat transfer through the single 
plate thicknesses as aforesaid. In the diagrammatic show 
ing of FIGURE 1 the thin arrow lines represent flow into 
the spaced inlet openings 18, while the dotted arrow lines 
indicate outlet flow through the alternate outlet openings 
20 in each plate. It is noted that inlet 18 and outlet 20 
openings through the plate alternate circumferentially 
around each annular plate and are aligned in the stack. 
There are two types of plates provided, series one 10a 
and series two 10b, each of which have spaced inlets and 
outlets aligned in the stack as aforesaid and one of each 
10a and 10b plates are secured together to form con 
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struction pairs 11 which are stacked together to form the 
stack 12. The series one 10a and series two 10b plates 
differ as to the formations and patterns on the plates, i.e., 
the series one plates 10a are provided with a pattern of 
corrugations 24 extending in the generally radial direc 
tion from the inner edge 26 of the annular plate 19a to 
the outer edge 28 thereof and providing complementing 
channel-forming wave formations 24 from adjacent the 
inner edge 26 to adjacent the outer edge 28 on the surfaces 
of said series one 10a plates, said radially extending cor 
rugation patterns being repeated between each inlet 18 
and outlet 20 openings circumferentially around each an 
nular plate 10a. 
The series two 10b plates in the stack, which are 

alternate with the 10a series one plates throughout the 
stack, have corrugation patterns 38 extending in a gen 
erally circumferential direction between inlet and outlet 
openings 18 and 20 formed to provide connection between 
said spaced openings on one side of each plate but afford 
ing corrugation patterns on both sides of each 16b plate 
located between ail its spaced openings 18 and 20. 

Formations 32 on said series one 10a plates and forma 
tions 34 on series two 10b piates are so positioned and 
arranged that their resulting surfaces adjacent said open 
ings 18 and 20 are in surface contact for securing a series 
one 10a and a series two 10b plate together to form the 
aforesaid construction pair 11, a multiplicity of which 
construction pairs 11 are stacked together to form said 
stack 12. Each aforesaid construction pair 14 is formed 
by sealing said surfaces of formations 32, 34 around said 
openings 18 and 20. 

It is noted that said series two 10b plates are formed 
with generally parallel corrugations 38 formed in patterns 
between each of the aforesaid spaced openings 18 and 20 
of said plates, but the said corrugation 38 patterns, so 
formed, provide connection between said spaced openings 
only on the side of said series two 10b plates facing out 
ward in each said construction pair 11, and that the ma 
jor portion of said corrugations 38 extend transversely 
to the radially extending corrugation pattern 24 in the 
mating series one 10a plate. 

Further formations are provided on series one 10a and 
series two 10b plates affording displaced formations of 
circumferential planar surfaces 54, 56 outside and 54a, 
56a inside on each of the edges of series one 10a and 
series two 10b plates, so relatively positioned and ar 
ranged that the circumferential edge surface 54, 54a of 
each series one 10a plate of a pair 11 in the stack 12 will 
make surface contact with the edge surface 56, 56a of a 
series two 10b plate of an adjacent pair in the stack in 
such position that said contacting edge surfaces may be 
sealed to complete a stack 12 of such pairs : secured 
together as aforesaid. The corrugation patterns of the 
facing series one 10a and series two 10b plates in each 
construction pair 11, while serving to direct and confine 
primary transverse heat-transfer fluid passages 5 between 
the plates of said stacked construction pairs is extending 
transversely through said stack, also provide the aforesaid 
transverse relationship of corrugation patterns 24, 38 on 
such facing plates, the transverse corrugation inciting de 
sired turbulence in the primary flow channel. The facing 
formed patterns 24, 38 of adjacent series one 10a and 
series two 10b plates of adjacent stacked construction 
pairs 11 serve to direct and confine secondary heat-trans 
fer passages 6 formed between said pairs 11 which are 
secured together by sealing adjacent edges 54, 56 as afore 
said. The inlet 18 and outlet 20 to said secondary flow 
heat-transfer passages 16 are afforded between alternate 
plates in said stack by the said aligned inlet 18 and outlet 
20 openings extending longitudinally of such stack. The 
transverse corrugation patterns 38 on the opposite faces 
of said series two 10b plates afford secondary flow pas 
sages 16 between said inlet 8 and outlet 20 to the longi 
tudinal passages formed by the aligned openings 18 and 
20 and with each facing plate of adjacent series one 10a 
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4. 
plate in adjacent pairs providing corrugations 24 trans 
verse to corrugations 38 for inciting desired turbulence in 
said secondary flow heat-transfer passages i6. 

It is noted that the stacked plates, formed and posi 
tioned together as above described, may be satisfactorily 
welded at the contacting surfaces around the inlet and 
outlet openings 18 and 20 and around the circumferential 
ly contacting surfaces 54, 54a, 56, 56a by means of elec 
trical-resistance welding (or other securing means) and 
when so secured will result in a unit made up of plates of 
uniform thickness and with all the welds accomplished 
by the securing together of only two plates of uniform 
thicknesses, thereby obviating objectionable stresses often 
incurred by heat changes when relatively thin plates are 
secured to other surfaces of tubes or other parts of Sub 
stantially greater thickness. 

It is also to be noted that the inlet and outlet channels 
in the stack for the secondary flow is accomplished solely 
by the openings 18, 20 in the stacked plates and no tubes 
are required to complete these connections inasmuch 
as flow into alternate secondary flow channels between 
the plates is completed by the openings 18, 20 them 
selves when the entire pack is secured together as herein 
above described. 
The primary flow is through the stack from the inner 

annular edge surface to the Outer circumferential edge 
surface of the stack and therefore requires no inlet and 
outlet connections contacting the plates of the stack. 
The provision of series one 16a plates and Series two 

1b plates, which when stacked together have corruga 
tions substantially transverse to each other on the facing 
surfaces of plates forming the alternate primary flow 
and secondary flow channels, assures both a heat transfer 
through a single thickness of plate with inlet and outlet 
to both primary and secondary flow channels accom 
plished by formations in the plates while affording also 
in each of the flow channels a transverse relationship of 
facing corrugations inciting turbulent flow in both the 
heat transfer regions and channels, thereby increasing the 
efficiency of heat transfer by retarding and distributing 
the flow in said channels. 

Referring to FIGURE 2, the diagrammatic showing is 
an illustration of the arrangement using the plate stack 
2 of the type shown in FIGURE 1 as the regenerator 

for a gas turbine engine. The annular plate stack 12 is 
assembled in the rearward section 60 of the engine and 
the annular central region 14 is rearward of the turbine 
section 62 of the engine so that the hot exhaust gases 
from the turbine section 62 flow radially through the stack, 
as shown by the heavy black arrows, the flow being 
through alternate primary fluid-flow passages 15 between 
alternate plates in the stack previously mentioned in 
the description of FIGURE 1. Also to designate the ar 
rangement relative to the inlets 18 and outlets 20 through 
the stack, corresponding numbers in this drawing indicate 
the flow through the alternate secondary flow passages 16 
in alternate relationship to the primary flow passages 15 So 
that the heat transfer between the plates in the stack is 
accomplished and the inlets 18 take the air from the com 
pressor region 64 of the engine into the heat exchanger 
and out the outlets 20 to the combustor region 66 of 
the engine and thence into the turbine region when mixed 
with fuel in the combustion region 66 and into the tur 
bine section 62 of the engine. It is understood that flow 
from compressor 64 to inlets 18 is accomplished by suit 
able annular manifold, not shown, to reach the multi 
plicity of annularly spaced inlets in the stack and, like 
wise, another annular manifold collects flow from the 
multiple number of outlets 20 from the stack 12 to carry 
the heated air to the combustor 66, as shown. 

Referring to FIGURE 3, there is shown an end view, 
partly in Section and partly broken away, of a stacked 
plate assembly 12 wherein such assembly is shown Sup 
ported in a container 70 of generally cylindrical form 
with an outlet 71 at the top and an outlet 72 at the 
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bottom. The stacked plate assembly 12 is supported in 
the container 70, the assembly 12 being spaced from 
the outer walls of the container by suitable Supports 73, 
a plurality of which are shown in FIGURE 3. When so 
supported the exhaust gases from an engine to which this 
assembly might be attached, such as engine shown in 
FIGURE 2, such exhaust gases will go through the al 
ternate primary flow passages 15 radially outward to 
provide heat transfer to the alternate regions 16 in the 
plate arrangement. The series of inlet openings 18 and 
outlets 20 are also shown in FIGURE 3 as well as with 
corrugation patterns 24 and 38 on alternate plates 10a 
(radial corrugations), 10.b (transverse corrugations) in 
the stack thus providing corrugation patterns transverse 
to each other, as in the description of the structure of 
FIGURE 1. The entire unit is thus supported in the con 
tainer 70 with upper exhaust outlet 71 and lower exhaust 
outlet 72 as shown in FIGURES 2 and 3. 

It is understood that various modifications are con 
templated in this unit and without limitation it is to be 
emphasized that exhaust gas movement or so-called pri 
mary flow could be accomplished through the stacked 
plate assembly either radially outward as shown or radi 
ally inward by change in structure of the surrounding 
container and related passageways so that the exhaust 
would finally pass either from the center region 14 or 
from a circumferential region depending on flow direc 
tion. 

It is contemplated that various means of securing the 
plates together at the contacting regions of the forma 
tions 32, 34 and 54, 54a and 56, 56a might be used, weld 
ing or brazing being specifically mentioned in this dis 
closure. 
The invention having been described by reference to 

a specific structure, it is understood that various modifica 
tions are intended within the scope of the following 
claims. 
We claim: 
1. A heat exchange device made up of a plurality of 

plates of substantially uniform planar extent and of rela 
tively thin material so formed and stacked as to provide 
heat transfer through said plates to and from a series of 
alternate primary and secondary fluid flow passages formed 
between alternate plates so stacked; 

said plates formed in series one and series two types 
for stacking alternately in construction pairs to form 
Said stack; 

said plates having spaced openings therein aligned when 
'stacked to form inlet and outlet to and from one of 
said series of flow passages in a direction longitudinal 
ly of said stacked plates; 

said series one plates formed with a pattern of corruga 
tions between said spaced openings extending across 
said plates and providing complementing channel 
forming generally parallel wave formations on both 
surfaces of said series one plates; 

said series two plates formed with a pattern of gen 
erally parallel corrugations forming a pattern be 
tween the aforesaid spaced openings on both sides of 
said plates but with said pattern formed with said 
corrupations extending transversely to the corrgua 
tions in said series one plates on both sides of said 
plate when a series one plate and a series two plate 
are positioned together to form a construction pair 
with the said Spaced openings in alignment. 

2. A heat exchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material so formed and stacked as to provide 
heat transfer through said plates to and from a series 
of alternate primary and secondary fluid flow passages 
formed between alternate plates so stacked; 

said plates formed in series one and series two types 
for stacking alternately in construction pairs to form 
said stack; 

said plates having spaced openings therein aligned when 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

6 
stacked to form inlet and outlet to and from one of 
said series of flow passages in a direction longitu 
dinally of said stacked plates; 

said series one plates formed with a pattern of corruga 
tions between said spaced openings extending across 
said plates and providing complementing channel 
forming wave formations from adjacent one edge to 
adjacent the other edge on both surfaces of said series 
one plates; 

said series two plates formed with generally parallel 
corrugations forming a pattern between the afore 
said spaced openings of said plates but with said 
pattern formed to provide connection between said 
spaced openings on the side of said series two plate 
facing outward in said construction pair and with 
the major portion of said corrugations extending 
transversely to the corrugations in said Series one 
plates on both sides of said plate when a series one 
plate and a series two plate are positioned together 
to form a construction pair with the said spaced 
openings in alignment. 

3. A heat exchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material so formed and stacked as to provide 
heat transfer through said plates to and from a series of 
alternate primary and secondary fluid flow passages 
formed between alternate plates so stacked; 

said plates formed for stacking alternately in construc 
tion pairs to form said stack; 

said plates having spaced openings therein aligned when 
stacked to form inlet and outlet to and from one of 
said series of flow passages in a direction longitu 
dinally of said stacked plates; 

formations on said plates adjacent spaced inlet open 
ings in said plates so positioned and arranged that 
Surfaces adjacent said openings are in surface con 
tact for Securing plates together to form each said 
construction pair by sealing said surfaces around said 
openings; 

further formations provided on plates affording a dis 
placed planar surface on the edges of plates so rela 
tively positioned and arranged that the edges of plates 
of pairs in the stack will make Surface contact with 
the edges of plates in adjacent pairs in the stack in 
Such position that said contacting edges may be sealed 
to complete a stack of such pairs secured together 
as aforesaid; 

Said series one plates formed with a pattern of corruga 
tions between said spaced openings extending across 
said plates and providing complementing channel 
forming generally parallel wave formations on both 
surfaces of said series one plates; 

Said series two plates formed with a pattern of generally 
parallel corrugations forming a pattern between the 
aforesaid spaced openings on both sides of said plates 
but with said pattern formed with said corrugations 
extending transversely to the corrugations in said 
Series one plates on both sides of said plate when a 
series one plate and a series two plate are positioned 
together to form a construction pair with the said 
Spaced openings in alignment. 

4. A heat eXchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material so formed and stacked as to provide 
heat transfer through said plates to and from a series of 
alternate primary and secondary fluid-flow passages 
formed between alternate plates so stacked; 

said plates formed in Series one and series two types 
for stacking alternately in construction pairs to 
form said stack; 

said plates having spaced openings therein aligned when 
Stacked to form inlet and outlet to and from one 
of said series of flow passages in a direction longi 
tudinally of said stacked plates; 

formations on Said series one and series two plates 
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adjacent spaced inlet openings in said plates so posi 
tioned and arranged that surfaces adjacent said open 
ings are in surface contact for securing a series one 
and a series two plate together to form each said 
construction pair by sealing said surfaces around 
said openings; 

further formations provided on series one and series 
two plates affording a displaced circumferential 
planar surface on the edges of Series one and series 
two plates so relatively positioned and arranged that 
the circumferential edge of each series one plate of 
pairs in the stack will make surface contact with the 
edge of a series two plate of an adjacent pair in the 
stack in such position that said contacting edges may 
be sealed to complete a stack of such pairs secured 
together as aforesaid. 

5. A heat exchange device made up of a plurality 
of plates of substantially uniform planar extent and of 
relatively thin material, so formed and stacked as to 
provide heat transfer through said plates to and from 
a series of alternate primary and secondary fluid-flow 
passages formed between alternate plates so stacked; 

Said plates having spaced openings therein aligned when 
stacked to form inlet and outlet to and from one 
of said series of flow passages in a direction longi 
tudinally of said stacked plates; 

said plates formed in series one and series two types 
for stacking alternately in construction pairs to form 
said stack; 

said series one plates formed with a pattern of cor 
rugations between said spaced openings extending 
across said plates and providing complementing chan 
nel-forming wave formations from adjacent one edge 
to adjacent the other edge on both surfaces of said 
series one plates; 

said series two plates formed with generally parallel 
corrugations forming a pattern between the afore 
said spaced openings in said plates but with said 
pattern formed to provide connection between said 
spaced openings on the side of said series two plates 
facing outward in each said construction pair and 
with the major portion of said corrugations extend 
ing transversely to the corrugation in said series one 
plates on both sides of said plate when a series one 
plate and a series two plate are positioned together 
to form a construction pair with said spaced open 
ings in alignment; 

said corrugation patterns of said facing series one and 
series two plates in each construction pair serving 
to direct and confine primary transverse heat-trans 
fer-fluid passageways between the plates of said 
stacked construction pairs transversely through said 
stack with the aforesaid transverse relationship of 
corrugation patterns on such facing plate provid 
ing transverse corrugations for inciting turbulence; 

facing formed patterns of adjacent series one and series 
two plates of adjacent construction pairs serving to 
direct and confine secondary heat-transfer passages 
formed between said pairs thus secured together by 
sealing the adjacent edges as aforesaid; and 

said transverse corrugation patterns in said series two 
plates affording secondary flow between said inlets 
and said outlets to the longitudinal passages formed 
by said aligned openings and with each facing plate 
of the adjacent series one plate in adjacent pairs 
providing transverse corrugations for inciting tur 
bulence in said secondary flow heat-transfer pas 
Sages. 

6. A heat exchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material so formed and stacked as to pro 
vide heat transfer through said plates to and from a 
series of alternate primary and secondary fluid-flow pas 
sages formed between alternate plates so stacked; 

said plates having spaced openings therein aligned when 
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8 
stacked to form inlet and outlet to and from one 
of said series of flow passages in a direction longi 
tudinally of said stacked plates; 

said plates formed in series one and series two type 
for stacking alternately in construction pairs to form 
said stack; 

inlet and outlet to said secondary flow heat-transfer 
passages afforded between alternate plates in said 
stack by the aligned inlet and outlet openings ex 
tending longitudinally of said stack; 

thereby forming said inlet and outlet passages longi 
tudinally through the stacked plates solely by the 
said aligned openings in said plates; 

said series one plates formed with a pattern of cor 
rugations between said spaced openings extending 
across said plates and providing complementing chan 
nel-forming generally parallel wave formations on 
both surfaces of said series one plates; 

said series two plates formed with a pattern of gen 
erally parallel corrugations forming a pattern be 
tween the aforesaid spaced openings on both sides 
of said plates but with said pattern formed with said 
corrugations extending transversely to the corruga 
tions in said series one plates on both sides of said 
plate when a series one plate and a series two plate 
are positioned together to form a construction pair 
with the said spaced openings in alignment. 

7. A heat exchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material, so formed and stacked as to pro 
vide heat transfer through said plates to and from a 
series of alternate primary and secondary fluid flow pas 
sages formed between alternate plates so stacked; 

said plates having spaced openings therein aligned when 
stacked to form inlet and outlet to and from one 
of said series of flow passages in a direction longi 
tudinally of said stacked plates; 

said plates formed in series one and series two types 
for stacking alternately in construction pairs to form 
said stack; 

formations on said series one and series two plates 
adjacent spaced inlet openings in said plates so po 
sitioned and arranged that surfaces adjacent said 
openings are in surface contact for securing a series 
one and a series two plate together to form each 
construction pair in said stack by sealing said sur 
faces around said openings; 

further formations provided in series one and series 
two plates affording displaced circumferentially 
planar Surface on the edges of series one and series 
two plates, so relatively positioned and arranged that 
the circumferential edge of each series one plate 
of pairs in the stack will make surface contact with 
the edge of a series two plate of an adjacent pair 
in the stack in such position that contacting edges 
may be sealed to complete a stack of such pairs se 
cured together as aforesaid; 

said sealing of surfaces around said openings and seal 
ing of surfaces on said contacting edges completed 
by welding, thereby providing a structural assembly 
of Said stacked plates uniformly secured together 
by joining two plates of uniform thickness. 

8. A heat exchange device made up of a plurality of 
plates of substantially uniform planar extent and of rela 
tively thin material, so formed and stacked as to provide 
heat transfer through said plates to and from a series of 
alternate primary and secondary fluid-flow passages 
formed between alternate plates so stacked; 

said plates having spaced openings therein aligned when 
Stacked to form inlet and outlet to and from one of 
said series of flow passages in a direction longitu 
dinally of said stacked plates; 

said plates formed in series one and series two types 
for stacking alternately in construction pairs to form 
said stack; 
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said plates formed with a pattern of corrugations be 

tween said spaced openings extending across said 
plates and providing complementary channel-forming 
wave formations from adjacent one edge to adjacent 
the other edge of both surfaces of said series one 

viding transverse corrugations for inciting turbulence 
in said secondary flow heat-transfer passages. 

11. A heat exchange device made up of a plurality of 

10 
said plates formed in series one and series two types 

for stacking alternately in construction pairs to form 
said stack; 

said series one plates formed with a pattern of cor 
rugations between said spaced openings extending 

plates; 5 across said plates and providing complementing 
formations on said series one and series two plates channel-forming wave formations from adjacent one 

adjacent spaced inlet openings in said plates, so posi- edge to adjacent the other edge on both surfaces of 
tioned and arranged that surfaces adjacent said open- said series one plates; 
ings are in surface contact for securing a series one O formations on said series one and series two plates ad 
and a series two plate together to form each said jacent spaced inlet and outlet openings in said plates 
construction pair by Sealing said surfaces around said so positioned and arranged that Surfaces adjacent said 
openings; openings are in surface contact for securing a series 

said series two plates formed with generally parallel one and a series two plate together to form each said 
corrugations forming a pattern between the afore- 15 construction pair by sealing said surfaces around said 
said spaced openings of said plates but with said pat- openings; 
tern formed to provide connection between said said series two plates formed with generally parallel 
spaced openings on the side of said series two plate corrugations forming a pattern between the aforesaid 
facing outward in each said construction pair and spaced openings of said plates but said pattern formed 
with the major portion of said corrugations extending 20 to provide connection between said spaced openings 
transversely to the corrugation in said series one on the side of said series two plate facing outward 
plates on both sides of said plate when a series one in said construction pair and with the major portion 
plate and a series two plate are positioned together of said corrugations extending transversely to the 
to form a construction pair with the said spaced corrugations in said series one plates on both sides 
openings in alignment. 25 of said plate when a series one plate and a series two 

9. A heat exchange device as in claim 8 in which: plate are positioned together to form a construction 
further formations are provided on series one and series pair with the spaced openings in alignment; 
two plates affording a displaced circumferential further formations on series one and series two plates 
planar surface on the edges of series one and series providing a displaced circumferential planar surface 
two plates so relatively positioned and arranged that 30 on the edges of series one and series two plates so 
the circumferential edge of each Series one plate of relatively positioned and arranged that the circum 
pairs in the stack will make surface contact with the ferential edge of each series one plate of a pair in 
edge of a series two plate of an adjacent pair in the the stack will make surface contact with the edge of 
stack in such position that said contacting edges may a series two plate of an adjacent pair in the stack in 
be sealed to complete a stack of such pairs secured 35 such in such position that said contacting edges may 
together as aforesaid; be sealed to complete a stack of such pairs secured 

said corrugation patterns of said facing series one and together as aforesaid; 
series two plates in each construction pair serving to said corrugation patterns of said facing series one and 
direct and confine primary transverse heat-transfer series two plates in each construction pair serving to 
fluid passageways between the plates of said stacked 40 direct and confine primary transverse heat-transfer 
construction pairs transversely through said stack fluid passageways between the plates of said stacked 
with the aforesaid transverse relationship of the cor- construction pairs transversely through said stack 
rugations pattern on such facing plates providing with the aforesaid transverse relationship of the cor 
transverse corrugations for inciting turbulence; rugation pattern on such facing plates providing 

and the facing formed patterns of adjacent series one 45 transverse corrugations for inciting turbulence; 
and series two plates of adjacent construction pairs and said facing formed patterns of adjacent series one 
serving to direct and confine secondary heat-transfer and series two plates of adjacent pairs serving to 
passages formed between said pairs thus secured to- direct and confine Secondary heat-transfer passages 
gether by sealing the adjacent edges as aforesaid. formed between said pairs thus secured together by 

10. A heat exchange device as provided in claim 9 in 50 sealing the adjacent edges as aforesaid; 
which: inlet and outlet to said secondary flow heat-transfer 

the inlet and outlet to said secondary flow heat-transfer passages afforded between alternate plates in said 
passages are afforded between alternate plates in stack by the said aligned inlet and outlet openings 
said stack by the said aligned inlet and outlet open- extending longitudinally of Said stack; 
ings extending longitudinally of said stack; 55 said transverse corrugation patterns in said series two 

said transverse corrugation patterns in said series two plates affording secondary flow between said inlets 
plates affording secondary flow between said inlets and outlets to the longitudinal passages formed by 
and said outlets to the longitudinal passages formed said aligned openings and with each facing plate of 
by said aligned openings and with each facing plate of the adjacent series one plate in adjacent pairs pro 
the adjacent series one plate in adjacent pairs pro- 60 viding transverse corrugations for inciting turbulence 

in said secondary flow heat transfer passages. 
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