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ABSTRACT 0F THE DISCLOSURE 

Flat plates of low thermal conductivity metal are 
spaced in superimposed relation by short flat fins of 
high thermal conductivity having opposite edges bonded 
to the plates, the fins being longitudinally positioned in 
spaced relation to form first and second fluid passage 
ways with adjacent fins spaced at density of 30-80 per 
inch in the transverse direction and longitudinally sep 
arated by gaps between 0.03 and 0.25 inch- long, with 
the second fluid passageway gaps superimposed over the 
first fluid passageway gaps. 

BACKGROUND OF THE INVENTION 

This invention relates to the art of plate-lin type heat 
exchangers, and particularly to compact constructions 
having high heat transfer effectiveness. 
Heat exchangers of the plate and fin type heretofore 

used for gas and liquid processing have employed up 
to about 25 fins/ inch of either the plain or serrated type, 
with the exchanger parts attached together by brazing, 
e.g., in a furnace or by dipping into a hot salt bath. To 
obtain rcasona-ble heat transfer effectiveness, such heat 
exchangers usually operate in the turbulent flow region, 
i.e. with Reynolds numbers above about 2000. For many 
requirements these units produce satisfactory heat trans 
fer coefficients and reasonably good thermal performance. 
However better performance requires higher flow veloci 
ties and/or use of turbulence promoters in the passages, 
with consequent undesirable increases in pressure drop. 
The principal object of this invention is to provide a 

plate-lin type heat exchanger characterized by higher 
thermal performance than heretofore attainable, and 
without higher pressure drop. Another object is to pro 
vide a plate-1in type heat exchanger having smaller over 
all size for a particular heat transfer requirement. 

Still another object is to provide an improved method 
for fabricating a plate-fin type heat exchanger. 

These and other objects and novel features will be 
come apparent from the following description and ac 
companying drawings. 

SUMMARY 
According to this invention, a plate-fin type heat ex 

changer is provided with at least three flat plates in 
spaced superimposed relation with the top plate over the 
intermediate plate and the latter over the bottom plate, 
each being formed of low thermal conductivity metal. 
A multiplicity of ilat fins formed of metal having high 
thermal conductivity at least 4 times that of the afore 
mentioned plates are provided with the two opposite 
edges bonded to the plates. One group of fins are longi 
tudinally positioned in spaced relation between the bot 
tom and intermediate plates to form first fluid passage 
ways. Another group of fins are longitudinally posi 
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tioned in spaced relation between the intermediate and 
top plates to form second fluid passageways. The two 
fin groups form fluid passageways with adjacent ñns 
spaced apart at density of 30-80 fins per inch transverse 
to the direction of fluid flow. The plates are preferably 
parallel to each other, and the fins preferably aligned nor 
mal to the plates. 
The fins are between about 0.1 and 2 inches long, and 

longitudinally separated by gaps between about 0.03 and 
0.25 inch long. The second fluid passageway gaps are 
superimposed over the first fluid passageway gaps. In 
a preferred embodiment, means are provided extending 
transverse the fins for transverse alignment of the gaps. 

This heat exchanger is significantly more efficient than 
prior art plate-fin type constructions for several reasons. 
The fluid passageways are extremely narrow, so that the 
apparatus may be operated within the laminar flow re 
gion, i.e. with Reynolds numbers below about 2000. Un 
der these circumstances the overall heat transfer coeffi 
cient is inversely proportional to the width of the passage 
ways. For example, reducing the passage width by half 
doubles the heat transfer coefficient. In view of such high 
coefllcients, the length of the fluid passageway required 
to effect a required heat transfer may be greatly reduced. 
Shorter passageways in turn reduce the pressure drops 
of the fluids flowing therethrough. Lower pressure drops 
for a required heat exchange overcomes a severe limita 
tion on improving the efficiency of prior art plate-fin type 
heat exchangers as previously discussed. 
One of the reasons why the prior art has not employed 

plate-fin heat exchangers with the high fin densities char 
acteristic of this invention is the excessively high longi 
tudinal heat conduction to be expected. Such conduction 
occurs both through the metal plates separating the fins, 
and through the fins themselves. As a result, it would be 
expected that high fin density exchangers of short length 
would be no more efficient than conventional low fin 
density turbulent flow units. However, the problem of 
longitudinal heat conduction has been solved by two es 
sential features of this invention. The first feature is the 
employment of relatively low thermal conductivity metal 
such as stainless steel for the plate material and rela 
tively high thermal conductivity metal such as copper 
for the fin material. The second feature is very short 
fins (0.1-2 inches long) longitudinally positioned in 
spaced relation with adjacent fins longitudinally separated 
by gaps 0.03-0.25 inch long. The second fluid passage 
way gaps are superimposed over the first fluid passage 
way gaps. In this manner the heat is forced to flow from 
the warmer fluid in one passageway transversely through 
the high conductive fin to the low conductive separating 
plate. It then flows transversely through the plate and 
through the high conductive fin to the colder fluid in 
the second passageway with minimal longitudinal con 
duction. 

Another aspect of this invention relates to an improved 
method for fabricating a plate-iin type heat exchanger. 
Metal strips are provided and their longitudinal edges 
folded over such that outer surfaces are more than 90° 
with respect to the intermediate section between such 
edges. The folded metal strips are then cut in the trans 
verse direction to form fins 0.1-2 inches long. Next the 
fins are stacked with longitudinal surfaces of adjacent fins 
in contiguous end-to-end association, and bonded together 
to form a multiplicity of stacks. 
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At least three ñat plates are provided and the ñn stacks 
are aligned between a bottom and intermediate plate, and 
between the intermediate and a top plate. The alignment 
is a sandwich configuration with tin longitudinal edges 
contiguously associated with the plates and having gaps 
0.030.25 inch long separating ends of adjacent fin stacks 
in the longitudinal direction. In this manner first fluid 
passageways are formed between the bottom and inter 
mediate _plates, and second fluid passageways between the 
intermediate and top plates with the latter’s gaps super 
imposed over the first fluid passageway gaps. The ñn stack 
plate sandwich assembly is brazed together to bond the 
ñn edges to the plates. To complete the heat exchanger, 
iiuid inlet and outlet headers are installed against the outer 
edges of the stacked fins at opposite ends of the first and 
second fluid passageways. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary isometric view of a heat ex 
changer section constructed according to one embodiment 
of the invention. 
FIG. 2 is a cross-section view taken in elevation of 

the FIG. 1 heat exchanger along line 2_2. 
FIG. 3 is a fragmentary isometric View of a heat ex 

changer section constructed according to another embodi 
ment of the invention. 

FIG. 4 is a cross-section view taken in elevation of the 
FIG. 3 heat exchanger along line 4_4. 
FIG. 5 is a graph showing the heat transfer effectiveness 

versus fins per inch for this and prior art plate-1in type 
heat exchangers. 

FIG. 6 is an isometric view of a complete heat ex 
changer constructed according to this invention, and 

FIG. 7 is a plan view of a louvered 1in. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Metals most useful as the fins and plates of this heat 
exchanger are listed in Table I, along with their thermal 
conductivities and certain satisfactory combinations of 
fins and plates having thermal conductivity ratios of at 
least 4. 

TABLE I 

Thermal Conductivity, 
]3.t.u./ft.2 hr. ° F. atw 

Fin Material 150° R. 530° R. 

Copper ....................................... __ 310 226 
Aluminum ....... __ 80 95 

Steel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 35 38 

Plate Material: 
Stainless steel _____________________________ __ 5 8 
70% copper, 30% nickel (Cuproniekel) ____ _. 10 17 
80% nickel, 14% chromium, 6% iron 

(Ineonel) _______________________________ __ 7 9 

Thermal Fin/Plate 
Conductivity Thermal 
1?».t.u./ft.2 hr. Conductivity 

° F. a - Ratios 

Fin/Plate Combinations 150° R. 530° R. 150° R. 530° R. 

Copper/Stainless steel ________ _. 310/5 226/8 62 28 
CopperCupi-onickel ______ __ _ 310/ 10 226/17 31 13 
Aluminium/Stainless steel 80/7 ÍJ5/8 11 12 
Stoel/Stainless steel ____________ __ 35/5 38/8 7 5 

It will be apparent from Table I that the thermal 
conductivity values and ratios vary somewhat under oper 
ating conditions, depending upon the temperature of the 
heat exchanger. This variance is particularly noticeable 
if the heat exchanger is operated at cryogenic tempera 
tures, e.g. about 150° R. Copper is the preferred 1in 
material and stainless steel the preferred plate material, 
so that the iin/plate thermal conductivity ratio between 
ambient and cryogenic temperature for the copper and 
stainless steel combination is 28-62. Copper is preferred 
because of its ease in forming, adequate strength, high 
thermal conductivity, and ease in metal bonding. Stain 
less steel is the prefered plate material beçallse 0f its high 
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4 
strength and relatively low thermal conductivity. Another 
advantage of these particular metals is that they may be 
bonded together by lluxless brazing procedures, thereby 
providing a good thermal bond but avoiding possible 
plugging of the narrow flow passages with welding ñux 
material. 
The fins should be at least about 0.1 inch long as shorter 

members would unduly increase complexity of fabrication 
with only marginal reduction in longitudinal heat conduc 
tion. However the lins should not be longer than about 2 
inches, as the longitudinal heat conduction would become 
sufficient to limit the heat exchanger effectiveness. A lin 
length of 0.2-1 inch is preferred. 

Because the closely spaced iins should be uniformly 
shaped and spaced parallel from each other to provide 
for uniform tiow within each passage and equal fluid 
flow distribution through the many narrow passages, the 
individual fins are preferably self-supporting and reason 
ably rigid. Accordingly, the fin material thickness and/ or 
stiffness should be adequate to provide a dimensionally 
stable iin which can be reliably brazed to the separating 
plates. However if the fins are too thick their spacing as 
determined by the folded back edges (discussed herein 
after) would be excessive, i.e. less than 30 fins/inch iin 
density. Fin thicknesses of 0.003-0015 inch represent a 
satisfactory balance of these considerations. 
With respect to fin height, relatively low fins increase 

manufacturing complexity, while the probability of fin de 
formation and consequent flow maldistribution increases 
with large fin heights. A fin height range of 0.1-1.0 inch 
is satisfactory while heights of between about 0.3 and 0.6 
inch are preferred. 
Heat exchangers having iin densities less than about 

30 ñns/ inch do not usually operate eifectipely in the lam 
inar flow ration where low pressure drop performance 
is obtained. Accordingly, the ñn density must be at least 
at this level to realize the high heat transfer performance 
of this invention. Densities above about 80 fins/inch in 
ordinately increase the manufacturing complexity as corn 
pared to improved heat transfer performance. This is be 
cause of the increased precision required in stamping 
out the individual fins, alignment between the separating 
plates and brazing the fin-plate assembly to form a heat 
exchanger core. 
The separator plates should be sufficiently thick to pro 

vide adequate strength for withstanding the ñuid process 
pressures and also have suflicient structural rigidity for 
stacking during manufacturing. IOn the other hand, un 
necessarily thick plates would undesirably increase the 
longitudinal heat conduction of the heat exchanger. Plate 
thicknesses of between about 0.02 and 0.04 inch have 
been found most satisfactory. 
FIGS. 1 and 2 illustrate one embodiment comprising 

spaced fiat fins 11 longitudinally aligned in parallel rows 
a, b, c, d, e, f, and g. The upper side of bottom plate 12 
is metal bonded to the lower edges of one series of fin 
rows whereas the lower side of intermediate plate 13 
is metal ybonded to the upper edges of the same series of 
fin rows to form ñrst fluid passageways `14». The upper 
side of intermediate plate 13 is metal bonded to the lower 
edges of a second series of iin rows whereas the lower 
side of top plate 15 is metal bonded to the same series 
of iin rows to form second ñuid passageways 16. Al 
though only two passageways 14 and 16 are illustrated 
for simplicity, it will ‘be appreciated that additional pas 
sageways may be provided to process any desired through 
put or number of heat exchanging fluid streams. These 
additional passageways would be superimposed over first 
pâssageways 14 or secured beneath second passageways 
1 . 

It will be apparent from FIGS. 1 and 2 that means 
may be needed to transversely space the fins in adja 
cent longitudinal rows ag. One satisfactory spacer com 
prises strips positioned between adjacent fins, and of ap 
propriate width to provide the desired tin density. These 
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strips may be removed after the lin edges are bonded to 
the plates, or may be permanently installed. 

In one embodiment, the rows ,of tins 11 are trans 
versely spaced from each other by curling or folding over 
their respective opposite edges 17 adjacent to the plates 
12, 13 and y15 so that the outer surface of each edge 
fold abuts an adjacent fin row. The angle and radius of 
the curled or folded edge 17 is selected to provide the 
desired fin spacing. The fold-over angle should exceed 
90° and preferably ‘be about 180° so that essentially a 
line contact is formed between ñn edges 17 and plates 
12, 13 and 15. Such folded edges also improve the 
metal bonding operation because little brazing material 
18 is needed to bond the ñn to the plate at the line of 
contact due to the molten brazing material’s capillary 
action. Minimum brazing material is desirable to mini 
mize longitudinal heat conduction in the heat exchanger 
and to avoid the possibility of plugging the narrow flow 
passages. 

It should be appreciated that although the FIGS. 1-2 
embodiment shows ñns 11 aligned end-to-end in the longi 
tudinal direction, this is preferred for ease of fabrication 
but not essential. The end-to-end fins may alternatively be 
assembled in offset through parallel relation so that rows 
a-g would be non-existant. 

Because of its high heat transfer effectiveness, the in 
stant heat exchanger is quite short thereby greatly in 
creasing the need for limiting the longitudinal heat trans 
fer. For example, the heat exchangers of this invention 
are characterized by high longitudinal temperature gradi 
ents above about 30° F. per foot of length. In view of 
this unique characteristic, it is necessary to completely 
interrupt or separate adjacent fins 11 of each row a-g 
in the longitudinal direction. As illustrated in FIGS. 1 
and 2, such adjacent fins 1l are longitudinally positioned 
with a separating gap or space 19 between ends. 
For effective interruption of longitudinal heat transfer 

along fin rows a-g, it has been found necessary to trans 
versely align the gaps ‘19 in the adjacent rows with the 
second fluid passageway gaps superimposed over the ñrst 
ñuid passageway gaps. Otherwise, heat could be short 
cicuited across intermediate plate 13 between overlapping 
tins 11 and around gaps 19. Also it is necessary to sub 
stantially exclude all brazing or solder material from gaps 
19. Such gaps should be between about 0.03 and 0.25 
inch long. In general shorter gaps are preferred with 
shorter fins and conversely the longer gaps are most ad 
vantageous with longer fins. If the gaps are less than 0.03 
inch the longitudinal heat transfer is not sufficiently in 
terrupted, whereas gaps longer than 0.25 inch substan 
tially reduce the ñn surface area available for lateral 
heat transfer through the plates. Also, the latter results 
in excessively long heat exchanger constructions Without 
further reducing the longitudinal heat transfer by an 
amount justifying the additional heat exchanger length. 
Fin gaps of 0.03-0.l0 inch are preferred. 
Means extending transverse to the ñns through gaps 

19 in adjacent iin rows a-g are employed to insure the 
required transverse alignment. Wires or rods 20 are well 
suited for this purpose, their cylindrical cross section af 
fording only a point-to-point contact with the fins thereby 
minimizing longitudinal heat transfer. For the same rea 
son they are preferably positioned only by frictional con 
tact with the ñn ends ̀ without metal ‘bonding thereto. Wires 
20 are preferably bent into a wave pattern with projecting 
sections on at least one side contacting plate 12, 13 or 
15 so as to be self-supporting within gaps 19. Instead 
of extending through gaps 19, wires 20 may be passed 
through holes drilled in fins I11 for transverse alignment 
thereof. Moreover the wires 20 could be used only during 
the heat exchanger fabrication and removed once the 
fins have been positioned with the desired transverse align 
ment of gaps. Metal strips could be used instead of wires 
20. 
FIGS. 3 and 4 illustrate another heat exchanger em 
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6 
bodiment of the invention similar to the FIS. 1-2 con 
struction, but also differing in certain particulars to be 
described in detail. Corresponding elements have been 
assigned the same numeral designations for clarity. 

Longitudinal heat conduction along fins 11 may be 
further reduced by cutting a multiplicity of narrow spaced 
crosswise slots 21 in the fins normal to the iin edges. 
Such slots 21 are most effective with relatively long 
ñns, e.g. between 1 and 2 inches long. They serve to re 
duce the width of the solid conductive longitudinal heat 
transfer path along the ñns and thereby decrease the 
amount of heat transferred from one end of a fin to the 
other end. Slots 21 are also useful in the individual par 
allel fins illustrated by FIGS. 1 and 2. 

Another features of FIGS. 3 and 4 is the use of a 
single continuous sheet to form a plurality of the fins 
of each passageway 14 and 16. In the FIGS. 1-2 em 
bodiment each fin is separate and distinct from the other 
fins, and must be separately bonded to the plates 12, 13 
and 15. In the FIGS. 3-4 embodiment a single sheet is 
folded or corrugated to form the desired number of 
parallel spaced tins. One advantage of this arrangement 
is that positioning and bonding of the fins to the plates 
is simplified. Due to the continuous nature of the fin as 
sembly it is not essential to employ separate means for 
transversely spacing the fins, as for example the folded 
edges 17 of FIGS. l-2. A disadvantage of the corrugated 
fins is that longitudinal heat transfer is increased some 
what due to the solid metal folds joining adjacent ñns. 
The gaps 19 between adjacent fins 11 of each fin row 

are transversely aligned by deformities 20a raised from 
plates 12, 13 and 15 extending transverse the plates and 
normal to the fin rows. These raised deformities are 
spaced from each other by an appropriate distance so 
that the adjacent fin rows are stopped by the uphill and 
downhill sides of a given deformity 20. Alternatively 
the gaps 19 could be formed by positioning strips in 
spaced relation across the plates 12, 13 and 15 to stop 
adjacent fins. 
The heat transfer effectiveness of various plate-fin heat 

exchangers of this invention in the laminar flow region 
is compared in FIG. 5 with prior art plate-fin exchangers 
in the turbulent ñow region. FIG. 5 shows the heat trans 
fer effectiveness (and thus economy) as the ordinate, 
plotted against the ñn desnsity or number of tins per inch 
as the abscissa. Heat transfer effectiveness is a well 
known measure of performance of a particular heat ex 
changer as compared with the ideal. In particular, effec 
tiveness is the ratio of the actual heat transferred to a 
colder fluid to the heat which would be transferable in 
a heat exchanger having infinite area and zero ñnal tem 
perature difference. In a heat exchanger having ñrst and 
second passageways for balanced flows of two identical 
fluids, the heat transfer effectiveness is the ratio of the 
temperature rise of the incoming fluid being warmed (or 
temperature drop of the ñuid being cooled) to the tem 
perature difference between the incoming warm and cold 
fluids, and is always less than unity. The point and curves 
are based on the same total heat transfer area, a constant 
pressure drop across the exchanger, 0.005 inch ñn thick 
ness, 0.420 inch fin height, and 0.02 inch plate thickness. 
The basis for comparison is a heat transfer effectiveness 
of 0.96 (point AA) for the conventional turbulent flow 
units having 18 tins/inch and lacking the fin gaps and 
using aluminum as the construction material for both the 
fins and plates. 

Curve A shows the theoretical relationship for simple 
plate-1in construction and neglecting the detrimental ef 
fect of longitudinal heat conduction on thermal perfor 
mance. It can be seen that with laminar iiow, the higher 
theoretical performance is achieved by increasing the ñn 
density. Curve B shows the effect of longitudinal heat 
conduction on iin density by virtue of using a high ther 
mal conductivity metal, copper, for both fins and plates 
with laminar flow. It will be seen that the laminar flow 
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unit about matches the turbulent flow unit criteria of 
0.96 effectiveness at lin densities of about 4050 fins per 
inch, and decreases rapidly at higher ñn densities. This 
decrease occurs because higher fin densities require pro 
gressively shorter heat exchangers to satisfy the constant 
AP, thereby greatly increasing the effect of the longitu 
dinal heat conduction. Such construction would not rep 
resent an improvement over the turbulent flow plate-fin 
heat exchangers. 

Curve C shows the heat transfer performance of a heat 
exchanger of this invention with copper fins and stainless 
steel plates. This heat exchanger has fins 1 inch long and 
spaced with 0.06 inch gaps. The curve indicates an opti 
mum performance of about 97.5 heat transfer effective 
ness at about 55-60 fins/inch. Curve D shows the further 
improvement attainable by shortening the fins to 0.25 
inch long also spaced with ̀ 0.06 inch gaps. This increases 
the number of longitudinal heat transfer interruptions, 
and provides about 98.1 heat transfer effectiveness at 
about 70-90 fins/ inch. 
Another aspect of this invention relates to an improved 

method for fabricating plate-lin type heat exchangers in 
cluding those previously described. In this method, metal 
strips are provided and formed into fins by folding over 
the longitudinal edges such that the outer surfaces are 
more than 90° and preferably 180° with respect to the 
intermediate section between the edges. This step may for 
example be performed by passing the strip material 
through a die. The folded strips are then cut in the trans 
verse direction to form ñns between about 0.1 and 2 
inches long, and would appear as fins 11 in FIGS. 1-2. 

Next the individual ñns are stacked with longitudinal 
surfaces of adjacent fins in contigous end-tO-end associa 
tion, and the stacked fins are attached together to form 
a multiplicity of stacks. The attachment need only be 
strong enough to hold each stack together for subsequent 
handling and alignment between plates for the ñnal braz 
ing step. Accordingly the attachment may be provided by 
a suitable plastic adhesive binder or alternatively the fins 
may be joined by head welding along the opposite corners 
of each stack. Again referring to FIG. 1, a stack may 
comprise fins a, b, c, d, e, f and g separated by spaces 16. 

Next one group of the fln stacks is aligned between a 
bottom and intermediate flat plate, and another group of 
fin stacks is aligned between the intermediate and a top 
flat plate in a sandwich configuration having fin longitudi 
nal edges contiguously associated with the plates. The 
alignment is such that gaps 0.03-0.25 inch long separate 
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ends of adjacent ñn stacks in the longitudinal direction. . 
In this manner first fluid passageways are formed between 
the bottom and intermediate plates and second fluid pas 
sageways between the intermediate and top plates with the 
latter’s gaps superimposed over the first fluid passageway 
gaps. 
For metal bonding the ñn stacks to the flat plates, a 

suitable brazing foil preferably in the form of thin strips 
is positioned between the two components in the longitu 
dinal direction, from one end to the other end of each 
stack. The brazing foil preferably should not extend into 
the gaps separating adjacent iin stacks, as the metal would 
at least partially fill the gaps on melting and increase longi 
tudinal heat conduction. The brazing foil composition is 
of course selected to provide a good bond between the 
metals selected for the ñns and plates, although this bond 
need not be ñuid-tight. For example, in the case of copper 
fins and stainless steel plates, an alloy comprising 5 wgt. 
percent tin, 17% zinc, 22% copper and 56% silver has 
been found suitable in the form of 0.004 inch thick foil. 
The iln stack-plate sandwich assembly is brazed in the 

well-known manner to bond the fln edges to the plates. 
The fluxless furnace brazing technique is preferred; the 
assembly may for example be placed in a closeable vessel 
or retort and the latter positioned in the furnace. If a 
plastic binder is used to temporarily hold the sandwich to 
gether the retort is preferably initially heated to 800 
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900° F. in a reducing atmosphere such as hydrogen gas 
to dissipate the binder. The temperature is then increased 
to at least 1400° F. still in a hydrogen atmosphere and 
as rapidly as possible. When the desired maximum tem 
perature is reached the heating is terminated and the re 
tort cooled to about l000° F. before opening. When the 
latter has cooled to about 300° F. the retort is purged 
with an inert gas such as nitrogen to remove the residual 
hydrogen before opening to the atmosphere. 

Side plates, manifold and header assemblies are then 
installe-d as will be understood by those skilled in the heat 
exchanger art. 
A suitable completed heat exchanger constructed ac 

cording to this invention is illustrated in FIG. 6 with six 
fluid passageways and several fin stacks in each passage 
way. For example, the uppermost passageway 22 com 
prises several fìn stacks 23 positioned in longitudinal end 
to-end relation with intervening gaps 19. Side plates 24 
are preferably metal bonded to the edges of adjacent 
plates for rigidity and to prevent fluid leakage between 
adjacent iluid passageways. 
To uniformly distribute the fluid ilow between adjacent 

fins of each passageway, orifice plates 25 may be trans 
versely positioned at least at the inlet end and bonded 
to the side plates 24. Alternatively lin-type distributors 
could be employed although they tend to increase the heat 
exchanger overall length. 
The FIG. 6 heat exchanger is intended for processing 

of two separate iluids with one fluid in ñrst passageways 
14` and the other fluid in intervening second passageways 
16. For manifolding, end closure plates 26 and 27 are 
transversely positioned in the ends of passageways 14 and 
16 respectively. The plates extend only part way across 
the passageways and are coextensive with ilrst and second 
passageway hea-ders 28 and 29, respectively. These head 
ers are only shown at one end of the heat exchanger to 
permit illustration of the orifice-manifold closure plate 
asembly at the opposite end. In a completed exchanger 
headers 28 and 29 are required at both ends. 
The invention will be more clearly understood by refer 

ence to the following examples. 

EXAMPLE I 

A small scale prototype plate-iin heat exchanger was 
fabricated in the aforedescribed manner with the tins in 
longitudinal rows, but without speciñc means for trans 
verse alignment of the gaps. The copper fins were 0.005 
inch thick x 0.5 inch wide x 1.5 inches long with the longi 
tudinal edges curled over 180° for spa-cing. These folds 
were 0.020 inch long. l 

The llat plates were 0.0175 inch thick stainless steel 
with a 1 mil thick copper plating on both sides for easier 
bonding of the ñns. It should be recognized that this in 
vention contemplates the use of fins and plates composed 
of dissimilar metal layers in which the fins have an aver 
age thermal conductivity at least four times the average 
thermal conductivity of the plates. In this example the 
stainless steel contributes a thermal conductivity of 

0.0175 
0.0175-{-0.002 

whereas the copper adds 

0.002 
0.0175-#0.002 

so that the average thermal conductivity for the plate is 
:31.2. The thermal conductivity ratio of the fins to the 
composite plates was 

(8)=7.2 

) (226)=2s.2 

_22s 
31.2 

The fins were soft-soldered to the flat plates at a density 
of 63 ñns per inch, using 0.005 inch thick soldering foil 
of 60% tin-40% lead composition. The longitudinal gaps 
between adjacent fins were about 0.090 inch. The com 
pleted exchanger was approximately l-inch thick x 2 
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inches wide X 10 inches long, and included 1200 fins. It 
was tested for balanced flow conditions using heated air, 
that is, the air was heated in the ñrst passageway and 
countercurrently cooled in the second passageway. Typical 
data is summarized below in Table II. 

TABLE II 

Gas Temperatures, ° F. 
__ Heat 

Cold Stream Warm Stream Trans 
Gas Pressure, Flow --- ---_ fer Effec 
p.s.i.g. c.f.h. In Out In Out tiveness* 

130 81 110 117 86 0. 86 
180 82 119 128 88 0.87 
300 8l 128 137 89 0. 86 
460 81 131 139 91 0. 83 
540 81 128 139 93 0. 79 
550 73 125 140 88 0. 78 
610 75 130 146 92 0.76 
700 75 119 134 91 0. 73 
900 8l 134 156 104 0. 69 

*Based on temperature change of the Warmer stream divided by 
temperature diiîerenee between two incoming streams. 

It will be noted that the heat transfer effectiveness 0b 
tained for this unit was considerably below the 0.96-1 
desired. These relatively poor results were due to only 
about 65% of the fins being well bonded to the flat plates, 
thus reducing heat transfer capacity proportionately. 

EXAMPLE 2 

Another small scale prototype heat exchanger was con 
structed in the aforedescribed manner with copper fins 
0.005 inch thick X 0.5 inch wide x 1.5 inches long spaced 
at 63 ñns/ inch density in longitudinal rows and 0.09 inch 
gaps. The ilat plates were 0.020 inch cupronickel and the 
fins were brazed thereto using 0.004 inch thick foil of an 
alloy comprising 5% tin, 17% zinc, 22% copper, and 
56% silver. For transverse alignment of the gaps in the 
iin longitudinal rows, 0.06 inch diameter holes were 
punched near each end of the ñns and 0.055 inch diameter 
stainless steel rods were inserte-d through these holes. 
Again the fins were transversely spaced from each other 
by curling over the longitudinal edges 180°. 
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EXAMPLE In 

A larger heat exchanger of the type schematically 
illustrated in FIG. 6 was constructed as previously de 
scribed using copper iins 0.005 inch thick X 0.46 inch 
high x 1.5 inches long. As illustrated in FIG. 7 each 
of these ñns 11 contained three equally spaced lateral 
slots 21 (see FIGS. 344 for elevation View), and the 
two opposite ñn edges 17 were folded back 180° with 
folds 0.020 inch long (see FIGS. 1-2 for elevation View). 
The longitudinal sections 39 between each end and the 
adjacent lateral slot, and between the slots themselves 
were bent away from the fin longitudinal axis a-a, i.e. 
louvered. The purpose of these eccentric sections was to 
open the slots more widely for improved gas circulation 
across the iin rows and reduced longitudinal heat con 
duction. With shorter tins, e.g. 0.5 inch, the louveríng 
would probably not be advantageous. As in Example II, 
0.06 diameter holes 31 were punched near each end of 
the tins for insertion of 0.55 inch diameter stainless steel 
rods for gap alignment purposes. 
The fins were positioned between 0.020 inch thick 

cupronickel plates in longitudinal rows with 0.06 inch 
gaps between adjacent fins in each row and aligned by 
the stainless steel rods. The as-assembled unit with 63 
fins per inch and without headers was 3.25 inches 
thick x 5 inches wide X 36 inches long. 

After placement of 0.003 inch thick strips of the braz 
ing foil along each side of the ñns in the longitudinal 
direction, the assembled unit was furnace brazed in a 
hydrogen atmosphere using the aforedescribed procedure. 
The oriñce plates, end closure plates and headers were 
then welded in position to complete the exchanger. 
The FIG. 6 heat exchanger was also tested in the air 

heating-cooling system. Test series were run at warm end 
inlet temperatures of 160° F., 250° ̀ F‘. and 340° F. Se 
lected data obtained during the 250° F. series of tests 
are listed below in Table IV. This data is also representa-v 
tive of the 160° F. and 340° F. runs. 

TABLE IV 

Gas Temperatures, ° F. 
Heat Transfer 

Cold Side Warm Side Effectiveness 
Gas Pressure Flow, Reynolds 
p.s.i.g. lb./hr. In Out In Out No. 1l Avg.2 

299 68 238 244 73 391 . 972 . 961 
369 l 72 239 245 77 482 . 972 . 959 
484 72. 5 239 245 78 633 . 968 . 959 
586 73 236 244 79 765 . 965 . 957 
749 75 236 244 81 974 . 965 952 
918 76 235 245 83 1, 195 . 960 . 947 

l, 070 79 235 245 86 1, 390 . 958 . 943 
1, 290 79 234 245 88 1, 677 . 945 . 935 

1 Based on temperature change of the warmer stream. 
2 Based on average of temperature changes for Warmer and colder streams. 

The iins were assembled in two ñuid passageways as 
illustrated in FIGS. l and 2 to form a heat exchanger 
approximately 1 inch thick x 2 inches wide X l0 inches 
long, using a total of 1200 tins. 
The heat exchanger was then tested in the same manner 

as the Example 1 unit. Typical data is summarized below 
in Table III for warm end inlet temperatures of about 
150° F. 
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The heat exchangers of this invention are useful for 
processing clean fluid streams over a wide variety of tem 
peratures and pressures (as high as 1000 p.s.i.). They are 
particularly useful in air separation or hydrogen lique 
faction plants. In the former this plate-iin unit may for 
example be used to cool incoming compressed air at 
about 90 p.s.i.a. by cold separated oxygen or nitrogen 
at about 20 p.s.i.a. In hydrogen liquefaction plants the 

TABLE III 

Gas Temperatures, ° F. 

Cold Side Warm Side Heat Trans 
Gas pressure, Flow, - --_»-- Reynolds fer Etîec 
p.s.i.g. lb./l1r. In Out In Out No. trveness* 

57. 8 80 137 150 91 812 . 83 
83. 7 76 133 149 89.5 1, 180 . 79 

111. 5 78 131 150 94 1, 565 . 76 
111. 5 78 131 150 94 1,565 . 76 

155 78 127 150 97 2, 180 . 71 

* Based on temperature change of Warnier stream compared to temperature difference 
between two incoming streams. 

It is believed that higher values for heat transfer effec heat exchanger is suitable for cooling feed gas contain 
tiveness would have been obtained using shorter fins, e.g. 75 ing hydrocarbons, carbon oxides and hydrogen at about 
0.5 inch instead of 1.5 inch. 300 p.s.i.a. by hydrogen gas at about 20 p.s.i.a. for par 
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tial liquefaction. The heat exchanger flow directions in 
adjacent ñuid passageways may be countercurrent, co 
current or even at right angles to each other, as will be 
understood by those skilled in the heat exchange art. 

Although certain embodiments have been described in 
detail it will be appreciated that other embodiments are 
contemplated along with modifications of the disclosed 
features, as being within the scope of the invention. 
What is claimed is: 
1. A plate-fin type heat exchanger comprising: 
(a) at least three flat plates in spaced superimposed 

relation with the intermediate plate over the bottom 
plate, and the top plate over the intermediate plate, 
said plates being formed of low thermal conductivity 
metal; 

(b) a multiplicity of fiat fins formed of metal having 
high thermal conductivity at least 4 times that of 
said plates (a) with opposite edges bonded thereto, 
said fins being longitudinally positioned in spaced 
relation between said bottom and intermediate 
plates to form first fluid passageways, and between 
said intermediate and top plates to form second 
fiuid passageways with adjacent fins spaced at 
density of 30-80 fins per inch transverse to the 
direction of fluid flow, the fins being 0.1-1.0 inch 
high, 0.1-2 inches long and longitudinally separated 
by gaps 0.03-0.25 inch long with the second iiuid 
passageway gaps superimposed over the first ñuid 
passageway gaps. 

2. A plate-1in type heat exchanger comprising: 
(a) at least three fiat plates in spaced superimposed 

relation with the intermediate plate over the bottom 
plate, and the top plate over the intermediate plate, 
said plates being formed of low thermal conductivity 
metal; 

(b) a multiplicity of flat ñns formed of metal having 
high thermal conductivity at least 4 times that of 
said plates (a) with opposite edges bonded thereto, 
said fins being longitudinally positioned in spaced re 
lation between said bottom and intermediate plates 
to form first fluid passageways, and between said 
intermediate and top plates to form second fluid pas 
sageways with adjacent fins spaced at density of 
30-80 ñns per inch transverse to the direction of 
ñuid ñow, the fins being 0.1-1.0 inch high, 0.1-2 
inches long and longitudinally separated by gaps 
0.03-0.25 inch long with the second fluid passageway 
gaps superimposed over the first fluid passageway 
gaps, and > 

(c) means extending transverse said fins for transverse 
alignment of said gaps in each of said ñrst and sec 
ond iiuid passageways. 

3. A plate-fin type heat exchanger according to claim 
2 in which said means (c) are positioned in said gaps. 

4. A plate-fin type heat exchanger comprising: 
(a) at least three flat plates in spaced superimposed 

relation with the intermediate plate over the ‘bottom 
plate, and the top plate over the intermediate plate, 
said plates being formed of low thermal conductivity 
metal; 

('b) a multiplicity of fiat fins formed of metal having 
high thermal conductivity at least 4 times that of 
said plates (a) with opposite edges bonded thereto, 
said fins being longitudinally aligned in parallel 
spaced rows between said bottom and intermediate 
plates to form first fluid passageways, and between 
said intermediate and top plates to form second fluid 
passageways with adjacent fins spaced at density of 
30-80 fins per inch transverse to the direction of fluid 
flow, the fins being 0.1-1.0 inch high, 0.1-2 inches 
long and longitudinally separated by gaps 0.03-0.25 
inch long with the second- fluid passageway gaps 
superimposed over the first fiuid passageway gaps; 
and 

(c) means extending transverse said ñns through said 
gaps in adjacent fin rows for transverse alignment 
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12 
of said gaps in each of said first and second fluid 
passageways. 

5. A plate-iin type heat exchanger according to claim 
1 in which said plates are formed of stainless steel and 
said fins are formed of copper. 

6. A plate-fin type heat exchanger according to claim 
1 in which said fins are 0.2-1 inch long and said gaps 
are 0.03-0.10 inch long. 

7. A plate-tin type heat exchanger according to claim 
1 in which said edges of said fins are folded more than 
90° to form outer surfaces longitudinally bonded to said 
plates and abutting an adjacent fin for transverse spacing 
therefrom. ì 

8. A plate-1in type heat exchanger according to claim 
1 in which edges of said fins are folded 180° to form 
outer surfaces having fold edges longitudinally bonded to 
said plates and abutting an adjacent fin for transverse 
spacing therefrom. 

9. A plate-fin type heat exchanger according to claim 
' 1 with a multiplicity of narrow crosswise slots in the fins 
normal to the fin edges and spaced from each other. 

10. A plate-fin type heat exchanger according to claim 
1 in which a multiplicity of corrugated sheets transversely 
aligned between said plates and longitudinally spaced 
from each other comprise said fins. 

11. A plate-fin type heat exchanger according to claim 
2 in which a multiplicity of spaced rods extending across 
the heat exchanger width comprise the gap transverse 
alignment means. 

12. A plate-fin type heat exchanger comprising: 
(a) at least three fiatv stainless steel plates in spaced 

superimposed relation with the intermediate plate 
over the 'bottom plate and the top plate over said 
intermediate plate; 

(b) a multiplicity of flat copper fins with opposite 
edges folded 180° to form outer surfaces 1ongitudi 
nally ybonded to said plates and abutting transversely 
spaced fins to align said fins in parallel spaced rows 
between said bottom and intermediate plates to form 
first fluid passageways, and between said intermediate 
and töp plates to form second fluid passageways, with 
adjacent fins spaced at density of 30-80 fins per inch 
transverse to the direction of ñuid iiow, the tins 
being 0.1~1.0 inch high, 0.1-2 inches long and longi 
tudinally separated -by gaps 0.03-0.25 inch long with 
the second fluid passageway gaps superimposed over 
the first fluid passageway gaps; and 

(c) a multiplicity of spaced rods each extending across 
the heat exchanger width through adjacent gaps in 
adjacent fin rows for transverse alignment of said 
gaps. 

13. A plate-iin type heat exchanger according to claim 
1 with a multiplicity of narrow crosswise slots in the 
fins normal to the fin edges and spaced from each other, 
the fin sections between said slots ybeing louvered. 
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