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This invention relates to the construction or
formation of the elements of surface heat ex-
changers of the built-up type comprising a plu-
rality of pre-formed juxtaposed elements such as

8 flat or curved (e. g. conical or spherical) plates
clamped or held-in. spaced relation'in such a

manner as to provide passages or channels for )

the fluids in respect of which an exchange of
heat is desired.

10 In some forms of heat exchangers of the above-
mentioned type, the individual elements or plates

from one another by spacing memberswonstxtut-

ed by hollow frames of rectangular, annular or

18 other formation suitably interposed between the
marginal portions of each pair of adjacent heat
exchange elements or plates, and, in order to en-
sure that the fluids or liquids between which an
exchange of heat is desired shall be kept en-

90 tirely separate, the frames or spacing members
are sometimes provided with grooves or channels
for the reception of & resilient packing material
such as rubber.

In other forms of heat exchangers, the margi-

o8 nal edges of the elements or plates are them-
selves provided with one or more packing receiv-
ing grooves or channels which may be formed
therein by a pressing or equivalent deforming op-
eration.

30 = One of the objects of the invention is to pro-
vide an improved form of heat exchange element
or spacing member for use with heat exchangers
of the above-mentioned type.

According to one feature of the 1nvent10n, the

35 marginal portions of the heat exchange ele-

~~ ment or.of the spacing member are shaped by
a pressing, folding, bending, spinning or equiva-
lent deforming operation to form therein two sets
of packing receiving grooves disposed one on each

40 side of the plate.

According to another feature of the invention
the heat exchanger is built up of a plurality of
heat exchange elements or spacing members hav-

ing marginal edges formed as defined in the pre-

45 ceding paragraph and alternating with heat ex-
change elements or plates having flat or pla,in
marginal edges.

The aforesaid spacing members may be in the
form of open frames or they may be co-extensive

50 with the heat exchange elements. For instance,
the portions of the spacing members located in-
wardly of their marginal edges may be utilised
to separate one section of a heat exchanger from
-another.

58 Another aspect of the invention is concerned

with the depth of the packing receiving groove
or grooves. In constructions where there are two
packing grooves disposed one on each side of a
plate, at such positions as a groove on one side
of the plate is required to cross a groove.on the &
other side of the plate, the two grooves may
over a short portion of their length be formed
of less depth, e. g., half of their normal depth.
Also, in other regions, the depth of the groove -
or grooves may be varied along the length 10
thereof.

In ‘order that the invention may be clearly
understood and readily carried into effect, the
same will now be more fully described with ref- .
erence to the accompanying drawings in which— 15

Fig. 1 is a front or plan view of one form of
spacing member or frame produced in accord-
ance with the invention.

Fig. 2 is a front or plan view of a hea,t €x-
change element or plate intended for use with g
a heat exchanger made up of a plurality of such
plates alternating with a plurality of spacing
members or frames of the form shown in Fig. 1.

Fig. 3 is a sectional view of a series of heat ex-
change plates and spacing frames arranged al- 25
ternately in a superposed relation, the section
being taken on the line III—II of Fig. 1.

Pig. 4 is also a sectional view of a series of
plates and frames arranged alternately in super-
posed relation, the section being taken on the line 3o
IV-—IV of Ig"lg 1,

Fig. 5 is a front or plan view of a form of
pressed heat exchange element produced in ac-
cordance with the invention.

Fig. 6 is a front or plah view of a heat ex- 35
change element intended for use with a heat ex-
changer built up of a plurality of such plates al-
ternating with a plurality of heat exchange
plates of the form shown in Fig. 5.

Fig. 7 is a sectional view of & series of plates 40
of the forms shown in Figs. 5. and 6 arranged al-
ternately in superposed relation, the section be-
ing taken on the line VII—VII of Fig. 6.

Fig. 8 is another sectional view similar to Fig. 7 |
but taken along the line VIII—VIII of Fig. 6. 40

Fig. 9 is another similar sectional view taken
along the line IX—IX of Fig. 6.

Fig, 10 is a fragmentary detailed view to-an
enlarged scale of a portion of the plate shown
in Fig. 5 where the packing strip on one side of
the plate crosses over the packing strip on the
other side of the plate.

Fig. 11 is a sectional view of & series of plates
of the forms shown in Figs. 5 and 6 arranged al- 55
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ternately in superposed relation, the said section
being taken along the line XI—XI of Fig. 10.

Fig. 12 is a fragmentary front or plan view of
another form of pressed heat exchange element
or plate produced in accordance Wwith the in-
vention.

Fig. 13 is a sectional view of a series of plates
of the forms shown in Pigs. 6 and 12 arranged
alternately in superposed relation, the section be-
ing taken on the line XITI—XIII of Fig. 12, and

Figs. 14 and 15 illustrate alternative forms of
packing that may be used.

In the form of the invention illustrated by
Figs. 1 to 4 of the accompanying drawings, the
heat exchanger is made up of a plurality of heat
exchange elements or plates | of the form shown
in Fig. 2 alternating with a plurality of spacing
members or frames 2 of the form shown in Fig. 1,
both the plates and spacing members consisting
of sheet metal pressings .composed of copper,
tinned copper, stainless steel or other suitable
metal, according to the nature and properties
of the fluids or liquids to be used. The elements
or plates | are provided with flat or plain mar-
ginal edges 3 and the marginal edges of the
spacing members are formed with a pair of con-
tinuous grooves or channels for the reception of
resilient packing material, such as rubber, dis-
posed one at each side thereof. For this purpose
the marginal edges of each spacing member have
bressed therein two U-shaped channels 4 and 5
which, looked at from one side of the spacing
member, constitute a U-shaped channel and an

inverted U-shaped channel disposed immediately .

adjacent one another so that one external wall
of one channel forms an internal wall of its
neighbouring channel. Thus, each spacing mem-
ber is made to carry two packing strips T and 8
and the heat exchange elements or plates are
without packings. The said spacing members
may, as illustrated, be in the form of open frames
or, if desired, they may be co-extensive with the
heat exchange elements as, for example, where
it is desired to utilise a spacing member for sep-
arating one section of a heat exchanger from an-
other.

The heat exchange surfaces of the elements
(i. e., the parts thereof located inwardly of their
flat marginal edges) may be smooth, rough, un-
dulating, curved, corrugated or of any other de-
sired form. In the embodiment illustrated, they
are shown provided with -a series of trough-
shaped depressions, 10, Also, as shown, each heat
exchange element is formed with four ports,
namely, two ports 12, one of which constitutes an
inlet port and the other an outlet port, and two
ports 14, for use as transfer ports.

In practice, the heat exchanger is built up of
a plurality of heat exchange plates and a plu-
rality of spacing frames, the plates and frames
being arranged alternately and the latter being
alternately reversed, i. e., arranged back to front,
Also, each spacing frame is formed with two
ports 18, arranged for example, at diagonally
opposite corners for registration with the corre-
sponding ports in the heat exchange elements.
The packing strips T and 8 surround and form
borders for the fluid passages or chambers formed
between each pair of successive plates, and are
also shaped so that they extend around the out-
side or outer edges of the ports 12 and so that
they are brought inwardly away from the mar-
ginal edges of the plates and around additional
packing strips Te and 8a (as can be seen from
Fig. 1), which extend completely around the
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transfer ports 18. In order to accommodate the
packing strips Ta and 8a, the edges of the trans-
fer ports I8 are also formed with a pair of U-
shaped packing recelving grooves or channels dis-
posed one on each side of the frame in a manner
similar to the grooves 4 and 5 above referred to.
Thus, the frames are provided with two sets of
packing strips disposed one at each side thereof
50 that each set comprises a continuous packing
strip (T or 8) forming the boundary of a heat
exchange chamber and two other separate pack-
ing strips (1a or 8a) each surrounding one of
the transfer ports 18. One or more of the above-
mentioned ports may, if desired, be omitted or
blanked off in instances in which the fluids be-
tween which heat is to be exchanged or oné of
them is or are required to traverse a path dif-
ferent from that which is obtained by an alter-
nate arrangement of plates and frames with
ports as illustrated. It will be observed that all
of the packing strips are fully supported at both
side edges throughout their entire lengths.
Where necessary or desirable, the plates or cer-
tain of them may be formed with projections or
pressed-up portions 20 for contact with adjacent

‘Plates, projections or pressed-up portions to

maintain the correct spacing between the plates
or to prevent bending of the plates under an ex-
cess of pressure on one side. Also, around those
edges of the ports 18 which are furthest from
the edge of the plate, means, such as a groove
8¢, may be formed for leading to the outer
edges of the plates any liquid that may leak past
the packing 7 or the packing 1a, thereby pre-
venting any mixing of the two liquids between
which heat exchange is being effected.

Figs. 5, 6, 7, 8 and 9 illustrate another mode
of carrying the invention into effect in which

the heat exchanger is built up of a series of heat

exchange elements or plates, alternate elements
of which are plain or flat at the marginal edges,

10

13

20

a5

40

whilst the others are each provided with two |

sets of packing strips accommodated, as in the
case of the spacing frames shown in Fig. 1, in
two grooves or channels disposed one on each
side thereof. The plates of both sets consist of
sheet metal pressings composed of copper, tinned
copper, stainless steel or other suitable metal,
the form of the plate with plain or flat marginal
edges being illustrated in Fig. 6 and the form
of the plate which carries the two sets of pack-
ing strips being shown in Fig. 5. It will be seen
that the form of the plate 25 shown in Fig. 6 is
similar in many respects to that shown in Fig.
2 and is provided with the same arrangement of
ports 12 and t4. It will also be seen that the
marginal edges of the plate 26 shown in Fig. 5
are over the major parts of their length formed
in a manner similar to that described above in
connection with the spacing frame shown in Fig.
1, and are provided with two continuous packing
strips T and 8 of rubber or the like. In the case
of the spacing members, the two continuous pack-
ing strips 1 and 8 are of opposite hand (. €., one
is left handed and the other right-handed) with
the result that when placed in position on oppo-
site sides of the spacing member, the one except
for being smaller becomes a “mirror” image of
the other and they follow parallel contours. The
plates 26, however, are provided with packing
strips of the same hand and the said packing
strips in passing around two of the ports 18, viz.,
one at each end of the plate, cross each other at
at least two points. Also, in instances in which
the flow is from one port to the diagonally oppo-
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site port, the packing strips cross each at four
points, viz., the points marked 30, 3, 32 and 33
in Pig. 5. As, in the embodiment described with
reference to Figs. 1-4, each of the packing strips
is shaped to surround and form a border for &
chamber formed between two successive plates
and to extend around or embrace two diagonally
opposite ports adapted to serve as inlet and out-
let ports for such chamber. . L
_ At each of the aforesald points of erossing, each
of the packing strips is reduced in thickness and
the depth of the grooves.or channels formed for
the accommodation of the packing strips is cor-
respondingly reduced over & short portion of thefr
length. For instance, at these regions, the pack-
ings may be one-half of their normal thickness
and the grooves may be formed to correspond,
this formation being shown more clearly. in Figs.
10 and 11 which are fragmentary views to a larger
scale illustrating the arrangement of the packing
strips at one of the cross-over points, viz,, at the
point 30. Similar provisions are made for the
crossing over of the packings at the other points.
In addition to the packing strips 7 and 8 the
plate 26 is provided with a plurality. of packing
strips 40, 41, 42 and 43, one encircling each of
the ports 8, the arrangement preferably being
such that two of the ports, for example, the di-
agonally opposite ports, have their packing strips
disposed on the same side of the plate. For ex-
ample, in the construction illustrated the ports
{8 at the lower left hand corner of the plate and
at the upper right hand corner of the plate may
be provided with packing strips 40 and 41 at their
upper surfaces.
transfer ports for establishing communication be-
tween the heat exchange chambers disposed
above and below the chamber bordered by the
packing strip 8 shown in Fig. 5. Also, the ports
18 at the lower right hand corner of the plate and
at the upper left hand corner of the plate 26 may
be provided with encircling packing strips 42 and
43 accommodated in grooves or channels formed
in the under-side of the plate so that such ports
may be used for establishing communication be-
tween the chamber bordered by the packing stiip
8 shown in Fig. 5 and the next but one chamber.
Over the major portions of their length the

packing strips 40, 41, 42 and 43 are in the form of

full-thickness packings and are accommodated
in grooves having a depth corresponding with that
‘of the grooves formed for the reception of the
packings T and 8. In fact, it will be apparent
from the sectional views shown in Figs. 7 and 9
that along three sides or edges of each of the
ports {8 the marginal edge formation is similar
to that provided for the reception of the packings
1 and 8. For instance, the port 18 at the lower
left hand corner.of the plate is enclosed along
three of its edges by the packings 7 and 4{ ac-
commodated in a U-shaped and an inverted
U-shaped groove so that one external wall of
one groove forms an internal wall for its neigh-
bouring groove. .

Where, however, a fluid entering or leaving a
heat exchange chamber formed between two ad-
jacent plates is required to be led under a pack-
ing groove formed in one of the plates the pack-
ing groove is formed of lesser depth and the thick-
ness of the packing strip is correspondingly re-
duced. For, instance, as may be seen from Figs. b
and 7 along the inner or fourth edge of each of
the ports 18, the surrounding packings 40 and 43
and corresponding grooves are reduced to about
one-half of their thickness or depth. Also, as

These ports may be used as'

_them are formed with laterally off-set portions

/ y | 3
may be seen from Figs. 5, 7 and 11, the parts of
the packings T and 8 and of their reception
grooves which are disposed adjacent to and par~ -
allel with the aforesaid inner or fourth edges
of the ports (8 are similarly reduced. - If desired, &8
the grooved parts of diminished depth may be
provided with projections or pressed-down por-
tions for abutment with the plate, so as to pre-

vent the plate bending under an excess of pres-

sure on one side. For example, projections or
pressed-down portions 50 (Figs. 5 and 9) may be
formed on the undersides of the grodves of dimin-
ished depth provided in the region of the outlet
and inlet ports and the packing may be extended
downwardly to fill the pressed-down portions, - 18
As will be seen from the drawings the packing
receiving grooves may be widened or formed with
laterally extended portions at those parts where
a change in the depth of the groove occurs, so as
to ensure that the packings will be held snugly 20
in their proper positions at these points. Leak-

10

“age grooves 52 (Fig. 9) may also be providedinthe

under-sides of certain of the grooves for ensuring

that any liquid leaking past the packings may be

led away to the outer edges of the plates. 25
With the form of plate shown in Figs. 5 to 11-

“there occur certain regions in which both pack-

ings cannot readily be restrained at their side
edges over the full height thereof with the result
that a compromise is effected in these regions 30
and each packing is restrained at its side edges
over a part only of its height from the bottom up-
wards (see, for example, the right hand side of
the section shown in Fig, 11). In this way both

of the packings can be restrained throughout 35
their full length although over a part of their
length they are supported over a part only of
their height. In instances in which it is desired
that the packings shall be restrained or supported

at their sides over the full height. thereof 49
throughout their length, metal inserts or strips

54 may be welded or otherwise secured in position -
adjacent the regions where one packing crosses
over the other packing or at the other places
indicated in Figs. 12 and 13. Under some cir-
cumstances, however, for instance, in cases where
the heat exchanger is to be used for the treat-
ment or pasteurisation of milk, such inserts may
be dispensed with and the packings may be ar-
ranged so that they are fully restrained or sup- gg
ported at their sides at one side of the plate, e. g.,
the side which is to be in contact with the milk,
and are only partially restrained or supported at
their sides at the opposite side of the plate which
is to be in contact with the water or other media
used for the heating or cooling of the milk. Ac-
cording to an alternative mode of forming the
packings and the packing grooves, the packings
7 and 8 and the grooves which accommodate

85

(see, for example, the off-set. portions 1b and 8b 60

.of the packings T and 8 shown in Fig. 13) of re-

duced thickness arranged so that the off-set por- -
tion of one packing is adapted to over-lie the off-
set portion of the other packing. Also, Fig. 14
shows another section of packing which may, in
some instances, be used and in which the packing
strips gnd their accommodating grooves have a
V-shaped formation and PFig. 15 shows another
alternative section of packing in which the strip
on one side partially over-lies the strip on the
other side of the plate. : ‘ .
It will be observed from the sectional views of
a series of superposed plates that, in the partic-
ular form of heat exchanger chosen for illustra- 75
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tive purposes, the parts are arranged so that each
of the liquids or media between which heat is to
be exchanged is caused to flow through alternate
spaces or heat exchange chambers in parallel, but
it will be appreciated that the path traversed by
one or both of the media may be varied by suit-
ably modifying the arrangement of the ports as,
for example, by omitting or blanking-off certain
of them to obtain a series, a series-parallel or
other form of flow. .

It is to be understood that the heat exchange
elements or spacing members incorporating the
features of the present invention may be flat,
coned, spherical, corrugated, square, rectangular
or of any other desired formation. Also, that the
plates may be in the form of spinnings or stamp-
ings and the spacing members may, in some in-
stances, be built up from a drawn section or a
section produced, say, by folding or extrusion.

Having now particularly described and ascer-
tained the nature of our said invention and in
what manner the same is to be performed we de-
clare that what we claim is—

1. In a surface heat exchanger of the juxta-
posed plate type, a sheet metal element having
upwardly and downwardly pressed marginal
edges forming two packing receiving grooves dis-
posed.one at each side thereof, the groove on one
side of the element being in staggered relation
to the groove on the other side of the element
where they are parallel with one another at the
same edge of the element.

2. An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
metal pressing having marginal edges formed
with a pair of packing receiving grooves pressed
therein, said grooves being disposed immediately
adjacent one another and one at each side of the
element so that one external wall of one groove
forms an internal wall of its neighboring groove.

3. An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
metal pressing the marginal edges of which are
formed with a pair of U-shaped packing receiving

grooves disposed one at each side of the element,

said grooves being formed by upwardly and down-
wardly pressed portions so that one external wall
of one groove forms an internal wall of its
neighboring groove.

4, An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
of metal having marginal edges formed with an
upwardly pressed portion and a downwardly
pressed portion constituting a pair of packing re-
ceiving grooves disposed one at each side of the
element, said grooves having laterally offset por-
tions of reduced depth arranged so that the off-
set portion of one groove overlies that of the
other groove. _

5. An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
of metal having marginal edges formed with an
upwardly pressed portion and a downwardly
pressed portion constituting a pair of packing
receiving grooves disposed one at each side of the

element, said grooves crossing each other at at .

least two points.

6. An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
of metal having marginal edges formed with an
upwardly pressed portion and a downwardly
pressed portion constituting a pair of packing
receiving grooves disposed one at each side of
the element, said grooves crossing each other at

2,217,687

at Jeast two points, and the depth of the grooves
being varied at these points.

7. An element for a surface heat exchanger of
the juxtaposed plate type, consisting of a sheet
of metal with marginal edges having pressed
therein an upwardly pressed portion and a down-
wardly pressed portion forming a pair of pack-
ing receiving grooves disposed one at each side
of the element, an external side wall of one groove
forming an internal side wall of its neighboring
groove, and packings in said grooves, said pack-

‘ings being supported at their sides over the full

height thereof.

8. In a surface heat exchanger for fluids, a
plurality of spaced plate-like flow controlling ele-
ments providing flow passages for two fluids in
heat exchange relation, said elements having
marginal edges formed with an upwardly pressed
portion and a downwardly pressed portion consti-
tuting a pair of packing receiving grooves dis-
posed one at each side thereof, resilient packings
in said grooves, said packings forming borders
for the flow passages.

9. In a surface heat exchanger for fluids com-
prising heat exchange elements separated by a
spacing frame, a spacing frame having marginal
edges formed with an upwardly pressed portion
and a downwardly pressed portion constituting a
pair of packing receiving grooves disposed one
at each side thereof, packings in said grooves,
said packings forming upper and lower borders
for a fluid space provided within the spacing
frame between a pair of heat exchange elements
disposed one at each side thereof. :

10. In a surface heat exchanger for fluids com-
prising heat exchange elements separated by a
spacing frame, a spacing frame formed with a
transfer port, the marginal edges of the frame
being formed with two sets of packing receiving
grooves, one set of packing receiving grooves be-
ing constituted by an upwardly pressed portion
and a downwardly pressed portion which to-
gether form a pair of parallel continuous pack-
ing receiving grooves disposed one at each side
of the frame, packings in said grooves, said pack-
ings forming upper and lower borders for a fluid
space provided within the spacing frame and be-
tween heat exchange elements disposed one at
each side thereof, the second set of packing re-
ceiving grooves being constituted by an upward-
ly pressed portion and a downwardly pressed por-
tion which together form a pair of parallel con-
tinuous packing receiving grooves disposed one
at each side of the frame around the transfer
port therein, which transfer port is outside the
said fluid space. : )

11. In a surface heat exchanger for fluids com-
prising a plurality of spaced heat exchange ele-~
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange ele-
ment having marginal edges formed with an up-
wardly pressed portion and a downwardly
pressed portion constituting a pair of packing
receiving grooves disposed one at each side there-
of, packings in said grooves, said packings form-
ing upper and lower borders for a pair of fluid
passages disposed one at each side of the said
element, said grooves and packings crossing each
other at at least two points and said grooves and
packings being of diminished depth at these
points.

12. In a surface heat exchanger for fluids com-
prising a plurality of spaced heat exchange ele-
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange element

vformed with a transfer port, the marginal edges

10

40

45

60

66

70

%



2,217,567

of the element being formed with an upwardly
pressed portion and a downwardly pressed por-
tion which together form a pair of packing re-
ceiving grooves disposed one at each side of the
element, said grooves extending along opposite
sides of the transfer port, packings in said
grooves, sald packings forming boundaries of a
pair of fluid passages disposed one at each side
of the element, another packing receiving groove
extending around the transfer port and a fur-
ther packing in said last-mentioned receiving
groove. .

13. In g surface heat exchanger for fluids com-
prising a plurality of spaced heat exchange ele-
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange element
formed with s plurality of ports, the marginal
edges of the element having pressed therein a
U-shaped groove and an inverted U-shaped
groove constituting a pair of continuous pack-
ing receiving grooves disposed one at each side
of the element, said grooves crossing each other
at at least two points and extending along op-
posite sides of each port, further U-shaped grooves
pressed in the marginal edges of the ports so
that each port is surrounded by a U-shaped
groove and an inverted U-shaped groove, and
packings accommodated in each of the said
grooves.

14. In a surface heat exchanger for fluids com-
prising a plurality of spaced heat exchange ele-
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange ele-
ment formed with four ports, providing an inlet
port, an outlet port and two transfer ports, the
marginal edges of the element having pressed
therein g U-shaped groove and an inverted U-
shaped groove constituting a pair of continuous
packing receiving grooves disposed one at each
side of the element, said grooves crossing each
other at at least two points and extending along

opposite sides of each port, suid grooves also be-
ing diminished in depth at the cross-over points,
further U-shaped grooves pressed in the marginal
edges of the ports and packings in each of the
said grooves. 5

15. In a surface heat exchanger for fluids com-
prising a plurality of spaced heat exchange ele-
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange element
formed with a plurality of ports, the marginal 10
edges of the elements having pressed therein a
U-shaped groove and an inverted U-shaped
groove constituting a pair of continuous packing
receiving grooves disposed one at each side of the
element, said grooves crossing each other at at 18
least two points and being of diminished depth
at these points, further U-shaped grooves pressed
in the marginal edges of the ports, and packings
accommodated in each of the said grooves.

16. In a surface heat exchanger for fluids com- 20
prising a plurality of spaced heat exchange ele-
ments providing flow passages for two fluids in
heat exchange relation, a heat exchange element
formed with a plurality of ports, the marginal
edges of the element having pressed therein a 26
U-shaped groove and an inverted U-shaped groove
constituting a pair of continuous packing receiv-
ing grooves disposed one at each side of the ele-
ment, said grooves crossing each other at at least
two points and being of diminished depth at 30
these points, said grooves also extending along
opposite sides of each port, further U-shaped
grooves pressed in the marginal edge of the ports
so that each port is bordered by a U-shaped groove
and an inverted U-shaped groove, packings ac-
commodated in each of the said grooves, the said
grooves and the said packings being of diminished
depth in the vicinity of the said ports.

RICHARD SELIGMAN.
HUGH FREDERICK GOODMAN.



