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HEAT EXCHANGE ELEMENT
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Little Falls, N. Y., assignors t¢ Cherry-Burrell
Corporation, Wilmington, Del.,, a corporation

Original application November 30, 1938, Serial
No. 243,130. Divided and this application May
13, 1942, Serial Ne. 442,750

i 2 Claims.
1

The present invention relates to heat exchange
devices for ccoling or heating liquids, such, for
example, as liquid dairy products, and more par-
ticularly to the multi-sectioned, sanitary, heat
absorbing or refrigerant expanding unit for the
compressor type of cooling machine adapted to
be used in the top feed, trickle type of film cool-
ers employing multi-unit, compact constructions.
The present application is a division of our ap-
plication Serial No. 243,130, entitled “Heat ex-
change device” and filed November 30, 1938, now
Patent No. 2,383,292, which parent application
fully discloses and describes the heat exchange sec-
tion specifically claimed in this application. The
process of making the heat exchange section is
specifically described and claimed in our co-pend-
ing application Serial No, 250,670, entitled “Heat
exchange element” and filed January 13, 1939,
now Patent No. 2,306,526.

In heat exchange elements of the type referred
to, such as are used for the handling of food
products, it is essential that the sections be eas-
ily cleaned and of a sanitary construction pro-
viding smooth, unbroken surfaces free from
cracks, crevices and shoulders for the flow of the
milk or liquid to be treated and also to provide
smooth passages for the flow of the heat ex-
change medium. Such sections must be simple
in construction and employ the least possible
number of operative parts. The accompanying
drawings illustrate the invention in a heat ex-
change element of this type. However, the in-
vention is not to be limited to the specific em-
bodiment disclosed.

The principal objects of the present invention
are to provide a new and novel, compact, sani-
tary, rigid and durable sheet metal heat exchange
element constructed of relatively thin sheet met-
al, preferably stainless steel, in which are in-
corporated improvements in structure, organiza-
tion and assembly; in which the heat transfer
surface has been augmented and the embossings
so constructed and arranged as to improve the
heat exchange efficiency and capacity without in-
creasing the overall dimensions; in which em-
bossed or corrugated sheets of metal are ar-
ranged face to face in opposed relation and
sealed along predetermined lines, thus providing
sealed liquid passages intermediate the plates;
in which the bracing elements are insulated and
so formed as to prevent the sections from freez-
ing together, as well as to act as fluid control

and distributing elements and spacing means

when a plurality of elements is operated in close
side-by-side position; and in which the emboss-

(CL 257—187)
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ings of the sections are so constructed and ar-
ranged as to cause turbulence in the liquids flow-
ing through the interior of the sections and over
the outer surface of the sections.

Another important object of this invention is
to produce a heat exchange section provided on
its inner and outer liquid contacting surfaces
with means to obstruct the uniform laminar flow
of the liquid, and to effect a dispersion, distribu-
tion and turbulent flow of the liquids in such a
manner as to cause a difference in the speed of
different portions of the liquid as they travel over
and around or past the obstructions on the sur-
faces of the sections, resulting in violent turbu-
lence within the liquid either on the interior or
exterior of the sections or both as the various
portions of liquid are rejoined and redivided as
they travel over the surfaces, resulfing finally in

‘a, more efficient heat transfer between the liguid

on the outer surface of the section and the liquid
flowing through the section.’

An important feature of the -invention is to
provide liguid distributing and blending means
to produce turbulence in the treating and treat-
ed liquids and to secure uniform distribution in
the liquid as it passes over and through the sec-
tions to effect improved operation and increased
heat exchange efficiency. ,

Other objects of the invention are to provide
a heat exchange element of novel construction
and also to provide a heat exchange element for
liquids, which has the other features of advan-
tage and improvement hereinafter described and
set forth in the. claims

With the foregoing and other objects and im-
portant features in view, the invention consists
of certain novel features of construction as will
be readily apparent upon the examination of -
the defails of construction and arrangement and
various combinations as disclosed in the figures
and description, all of which will be first fully”
described in the specification and then specifi-
cally pointed out in the appended claims, refer-
ence being made to the accompanying drawlngs
in which:

Figure 1 is a side elevation of a multi-sectioned
heat exchange element embodying our invention.

Figure 2 is a plan view of the heat exchange
element shown in Figure 1.

Pigure 3 is a fragmentary end view of the heat,
exchange element shown in Figure 1 and par-
ticularly emphasizing the inlet and outlet con-
nections for the liquid to be circulated through
the interior of the sections of the element.

Figure 4 is an elevational view of a portion
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of the liquid distributing and heat exchange ele-
ment reinforcing bar or bracing mounted at the
upper edge of the section, showing the novel sur-
face of the liquid distributing element and sche-
matically illustrating the dispersion of the liquid
as it travels over the uniquely surfaced reinforc-
ing or bracing portion of the element before it
reaches the upper portiocn of the uppermost sec-~
tions of the heat exchange element,

Figure 5 iIs a side elevation of a portion of a
heat exchange section provided with novel sur-
facing at spaced positions intermediate the
treating liquid flow passages and along the path
of travel of the liquid being treated to disperse
the same and more uniformly distribute the lig-
uid on the heat exchange surfaces.

Figure 6 is a transverse sectional elevation, par-
tially in broken-away fragmentary section, of a
heat exchange element embodying our invention
taken glong line 6—6 of Figure 1.

PFigure 7 is a transverse sectional elevation of
‘the heat exchange element embodying our inven-
tion, taken along the line T—7 of Figure 1.

Figure 8 is a transverse ‘sectional elevation
taken along the line 8—8 of Figure 1.

Figure 9 is a longitudinal sectional plan taken
along the line 9—9 of Figure 1.

Figure 10 is a longitudinal elevational view of
the juxtapositioned metal stampings used in the
construction of the heat exchange sections be-
fore assembly and before joining the same to
form -a multi-sectioned element, which figure
shows the line of welding defining the liquid pas-
sages before the same have been shaped or the
ends of the sections flared.

Figure 11 is a transverse sectional- elevation
taken along line 11—11 of Figure 10. :

Figure 12 is a transverse sectional plan taken
along line 12—I2 of Figure 10.

Figure 13 is a sectional plan of an end por-
tion of a partially fabricated section showing the
various elements of the structure including the
end plates for sealing the ends of the sections in
separated position in relative order of assembly.

Pigure 14 is a fragmentary perspective view,
partially in broken-away section, of a portion
of a heat exchange section embodying our inven-
tion, ‘

Figure 15 is g longitudinal elevation of a modi-
fication of the heat exchange section embodying
our invention.

Figure 16 is a transverse sectional elevation
taken along line 16—16 of Figure 15.

Figure 17 is a transverse sectional elevation
taken along line 17—17 of Figure 15,

Referring to the preferred illustration embody-
Ing the invention as it relates to the heat ex-
change element, which in its preferred form as
illustrated in Figure 1 comprises a8 plurality of
joined sections C, each' heat exchange element
as {llustrated may, when a multi-zoned element
is desired, include several zones or sections C
provided with independent flow passages -20.
‘These independent sections of the elements or
units are all identical with the exception of
the topmost sections 21 of each unit, which top-
most section 21 is provided at its top edge with
a cylindrical bracing and liquid dispersing ele-
ment 22 substantially devoid of heat exchange
relation with the rest of the section to which it
is affixed. The flow passages in each of the sec-
tions or zones of the multiple-sectioned unit or
element consist of outwardly bulged coopera-
tive portions of iwo rectangular sheet metal
stampings 23 and 24 intermediate g series of two
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sets of continuously welded lnes Joining the
stampings and defining the flow passages in
between the two stampings 23 and 24. In the
illustrations, as clearly shown in Figure 10, the
various adjacent horizontal reaches of the flow
bassages are formed in the joined stampings by
certain portions of each of the two sets of con-
tinous weld lines. It is desired at this point
to indicate that the various sections of the two
sets of continuous weld lines intermediate the
adjacent reaches of the flow passage as shown in
Figure 10 may also be of a spot welding construc-
tion instead of a continuocus seam-welded Hne.
By such a construction, it would be possible to pro-
vide bypasses intermediate adjacent reaches of
the zigzag flow passage 20 to facilitate the dis-
charge of refrigerant gas from the flow passage
by reducing the distance through which the gas
must travel to reach the discharge outlet. The
two ends of the continuocus flow passage 20 inter.
mediate the opposed stampings constituting the
section walls are located, in the preferred em-
bodiment of the invention, at the lower and up-
per left hand corners of each section of the unit
of the heat exchange element and are respective-
ly the inlet port 25 and the discharge port 26.
However, it should be evident that the flow pas-

.sage 20 could be so arranged and constructed

that the ends thereof would be located at oppo-
site ends of the sections.

The zigzag passage 20 consists of a series of
horizontal lengths of reaches of passage formed
between outwardly bulged portions of the stamp-
ings 23 and 24, with appropriate bulged vertical
passage segments so joined to the ends of the
horizontal reaches of the passage 20 as to con-
stitute a zigzag line of travel for the liquid circu-
lating therethrough,

The stampings 23 and 24 consist of a substan-
tially co-planar metal sheet (preferably non-cor-
rosive metal such as stainless steel) provided with
a series of horizontal tiers of staggered rows 21
of outwardly directed, hollow, preferably semi-
spherical protuberances 28 extending substan-
tially across the face of the stampings 23 and 24
and leaving only vertical margins 28 at each end
of the flat stampings. The vertically superposed
rows 21 of protuberances are preferably three
deep and the size of the protuberances 28 is such
as to effectively block the space intermediate two
adjoining protuberances in an adjacent row 21,
thereby effectively diverting any liquid which
may flow throughbetween the protuberances in
the adjoining row. The depth, however, of the
protuberance is not sufficient to cause a rupture
of the liquid layer as it flows downwardly over
the heat exchange sections C forming the heat
exchange element. The vertical margins at the
ends of the sfampings 23 ang 24 are flared out-
wardly, forming flanges 30. End plates 31 with
inwardly directed flanges 32 are affixed to the
free ends of flanges 30 as by weldings 33 between
the end of the outwardly turned flange 30 of the
stampings and the inwardly turned flange 32
of the end plates 31, with the exception of that
portion of the flanges 30 immediately adjacent
the inlet and outlet ports 25 and 26 for the pas-
sages 20. Triangular webs or partition elements
34 are affixed intermediate the flanges 30 at each
end of each end plate 31, thereby sealing the ver-
tical space intermediate the flanges 30 and the
end plates 31, which space anq its defining ele-
ments 30, 34 and. 31 are substantially devoid of
heat exchange relation with the passages 20 and
the refrigerant or cooling medium or Hquids
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which may flow through the passages. Each sec-
tion or zone C of the heat exchange element is
provided with an inlet and outlet hinge arm 35
and 38 respectively for establishing communica-
tion between the liquid passages 20 and for sup-
porting the weight of the multiple-sectioned heat
exchange element when mounted in a frame or
- machine, and these hinge arms are joined to the
sections at the inlet and outlet ports 25 and 26
' respectively and in communication with passage
20. The inlet and outlet\ports 25 and 26 are de-
fined by portions of the flared flange 30 inter-
mediate two triangular partition elements 34 ad-
Jacent the two ends of the passage 20 of the units.
The ends of the hinge arms 35 and 38 are welded
to or otherwise satisfactorily affixed to the outer
edges of the flange 30 and partition 34 which de-
fine the inlet and outlet ports 25 and 26. The
two rectangular stampings 23 and 24 are in face-
to-face contact with each other and the oppo-
sitely directed corresponding protuberances 28 are
in exact transverse alinement. It should, how-
ever, also be remembered that satisfactory heat
exchange sections and. multiple-sectioned ele-
ments may be made by arranging the transversely
opposed protuberances in staggered or other sat-
isfactory relation one to another whereby turbu-
lence of the liquids may be secured. On the
interior of each stamping the inner surface of
the hollow semi-spherical protuberances 28 pre-
sents cavities 37 which have an agitating effect
* on the refrigerant or cooling liquid as it is speedily
passed through the flow passage 20 whén the sec-
" tiong are placed in operation as heat exchange
elements. s
In the past, heat exchange elements construct-
ed for comparable use have been of the type em-
ploying superposed lengths of tubing connected
at their ends by suitable headers associated there-
with to form either parallel or series conneciiocns.
Other types of comparable heat exchangers con-
sist of corrugated sheet metal stampings placed
face to face and joined by any satisfactory means,
such, for example, as welding, in which exchang-

ers the joined corrugations constitute the liquid

passages and may be connected in series or par-
allel as the case may be. In each instance, how-
ever, the flow of the liquid over the old type of
sections, whether they consist of superposed tubes
~or corrugated sheets with internal channels, as
well as the flow of heat exchange medium on
the inner side of the sections, has been in the
form of undisturbed laminar flow. - The liquid
flowing over the outer surface of those types of
sections has been in the form of uniform lami-
nar film smoothly sliding over the wetted sur-
face of the sections. Such a fiow generally took
the form of a laminar flow of liquid film in which
the outer particles of liquid film would travel
faster than the innermost particles of liquid film
which were nearer the stationary wetted surface
of the heat exchange section. One of the chief
advantages of the new and novel sections em-
bodied in this invention, as illustrated in Figure
1, results from the turbulent flow of liquid as it
passes down over the various sections of the heat
exchange element and engages the protuberances
28, resulting in the deflection of various particles
of liquid as they engage the protuberances from
their normal course of travel which they would
have followed had the plates 23 and 24 not been
provided with the protuberances or bafiles 28.
Such deflection of the particles of liquid in a
thin liquid layer by the bafles or protuberances
. 28 results in the separation of one liquid particle
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from another and the rejoining of such separated
particles with still other particles as they pass
down over the surface of the stampings 23 and
24, Such separation and rejoining of the liquid
particles results in active turbulence within the .
liquid layer itself as it passes downwardly, there-
by improving the rate of heat transfer between
the liquid layer on the outer surface of the sec-
tions of the heat exchange element and the heat
exchange element proper which in turn is in heat
exchange relation with the attempering liquid
passing through the sections. Active turbulence
is further induced by the inherent physical re-
sult of the liquid layer flowing downwardly over
8 series of staggered rows of protuberances or
baffles which are so arranged and constructed
that the space between any two adjacent pro-
tuberances in one row is completely blocked by
2 protuberance in an adjacent row whereby the
liquid flowing over the outer surface of the sec-
tions of the heat exchange element is forced to
follow a zigzag course in its passage downwardly.
Active turbulence is also aided by a further in-
herent physical result in a layer of liquid flow-
ing over a surface, part of which is covered by
baffles or protuberances over which some of the
liquid is forced to flow. However, the flow over
the baflles or protuberances is in a much thinner
layer than the flow of the liquid over the flat
spaces between the protuberances or bafiles. Due
to the fact that the adjacent rows of protuber-
ances are in staggered relation, the portion of
the liquid layer which flows throughbetween two
adjacent protuberances or bafiles in one row will
engage a Protuberance in the next adjoining row,
and, therefore, part of the liquid will be diverted
toward one or the other side of the bafle or
protuberance, thickening the portion of the lig-
uid layer to which it passes and thinning the
portion of the liquid layer from which it passed.
This adjustment within the liquid layer itself
will also in and of itself cause g turbulence in the
liquid. As a result of the various factors just
described, the efficiency of the element as a heat
exchanger or rate of heat exchange of the ele-
ment embodying this invention is greatly in-
creased,

The flow of the heat exchange medium or
refrigerant passing throughbetween the stamp- .
ings 23 and 24 is also caused to be turbulent due
to the effect upon the flow of the medium as it

~ basses over the cavities 37 which line the walls
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of the flow passages 20. Such turbulence in-
duced in the heat exchange medium or refrig-
erant will greatly increase the efficiency of the
element as a heat exchanger and improve the
rate of heat transfer between the stampings 23
and 24 of the sections C and the refrigerant pass-
ing through the liquid passage 20 on the interior
of the joined stampings 23 and 24 forming the
sections. .

In the construction of a multi-zoned or multi-
sectioned heat exchange element several separate
individual units or zones 38 and 2! with a sep-
arate liquid passage 20 for each are welded to-
gether along their adjoining edges in superposed
order as shown in Figure 1. Each zone or sec-
tion is provided with separate liquid inlet and
outlet connections in the form of hollow hinge
arms 3% and 36 respectively, The spacing of the
horizontal lengths of the flow passage 20 in each
of the zones or sections of the compound units
or elements which are combined to form an oper-
ative unit, is such that when two sections are
Joined in superposed order, the separate adjacent
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horizontal elements of the flow passage 20 of
the adjolning sections are spaced from each other
equal to the spacing intermediate any two adja-
cent horizontal elements or reaches of a flow pas-
sage In a separate section. Such construction
facilitates the fabrication of a multi-zoned unit
from single individual zones or sections.

The multiple-zoned unit is desirable in that it
shortens the distance of fiow of any portion of
the heat exchange medium or refrigerant pass-
ing through the interior of the zone or section.
A multiple-sectioned unit is also easily adapted to
the use of a plurality of heat exchange media
in that any one or more of the zones of the unit
can be supplied with any desired type of heat
exchange medium while the remaining sections
or zones of the unit may be supplied with one or
more other types of heat exchange medium de-
pending on the results to be accomplished and the
liquid being treated on the outer surface of the
unit.

In each unit consisting of a plurality of joined
sections or zones, the uppermost section which is
first to receive the liquid to be treated is pro-
vided along its upper edge with a horizontal,
longitudinally extending, -cylindrical stiffening
element 22 which is welded to the top edge of
the section C with the center line of the element
22 in a horizontal plane and in vertical aline-
ment with the vertical plane of the section 21.
By this arrangement the liquid supplied to the
uppermost section 21 of each heat exchange unit
will be directed against the surface of the stiffen-
ing element 22, preferably on both sides of the
element 22, thereby assuring uniform liquid sup-
ply to each side of the topmost sections of the
unit. To secure uniform distributfon of liquid to
be treated over the sides of the sections C the
element 22 is provided with a grained finish as
shown in Figure 4 in which the grains 39 extend
in a direction crosswise to the path of the fiow
of the liquid passing downwardly from the source
of supply over the stiffening element 22 toward
the section 2! of the heat exchange unit. As
the liquid particles contact the transversely di-
rected grains 39 of the finish on the element 22,
their flow is hindered, tending to cause a lateral
dispersion of the liquid. By this procedure a
complete, uniform dispersion and distribution
throughout the entire length of the element 22 is
obtained before the liquid, which is passed on
to the upper surface of the element 22 in small
rivulets, passes off of the lower portion of the
element 22 onto the top portion of the upper zone
21 of the heat exchange unit. A similar finish
with horizontal grains 39.is provided on the outer
surface of the walls or stampings 23 and 24 of
the sections C intermediate the horizontally ex-
tending reaches of the flow passages 20 as shown
in Figure 5. This also aids in securing and main-
taining more uniform dispersion and distribution
of the liquid passing down over the outer sur-
faces of the section C. However, after the lig-
uid once passes onto the surfaces provided with
the staggered rows 21 of protuberances 28, it is ¢
maintained in substantially uniform distribution
and active turbulence as it passes downwardly
over the surface of the sections C. This is true
even when the sections are not especially grained.
In the fabrication of each section or zone 38 of 7
the heat exchange unit, it is preferable to use
two sheet metal stampings 23 and 24 provided
with tlers of rows 21 of protuberances 28. The
stampings are identical so as to constitute the
reverse counterpart of each other when they are 7
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assembled face to face in reverse relation as
shown by Figures 11 and 12. ‘The stampings 23
and 24 have in-substance the piane of the sheet
of metal from which they were stamped, and
peripheral unstamped vertical marginal edges 29
of the juxtapositioned plates are co-planar as
shown by Figures 10 and 12. The sheets are then
welded together at their upper and lower edges
along the weld lines 40 and 41 as shown in Figure
10, which weld lines extend along these edges
over the vertical unstamped portions of the end
margins. . The internal horizontal fiow spaces 20
of the sections C are then laid out and thelr
edges sealed by seam-welding of the stampings
along the horizontal lines 42, 43 and 44 interme-
diate the tiers of superposed staggered rows 271
of the protuberances 28. It may be well to repeat
at this point that the seam weldings 42, 43 and
44, which in the preferred embodiment of this
invention are continuous seam welds, may also
take the form of interrupted weld lines, whereby
& modified flow passage 20 provided with by-
passes intermediate the horizontal reaches of ad-
jacent sections would be provided to facilitate a
more ready escape of the evaporated refrigerant
from the various elements of the passage 20 to-
ward the outlet port 26. The joining of the cor-
responding ends of one of the group of alternate
horizontal weld lines including the lines 40 and
41 along their righthand end as shown in Figure
10 by vertical weld line 45 and joining the re-
maining horizontal weld lines at their corre-
sponding opposite ends by vertical weld Iline 48,
as clearly shown in Figure 10, defines the flow
passage 20. In each instance the horizontal weld
lines and the vertical joining lines are no closer
to the remaining horizontal weld lines and their
joining lines than the width of a tier of rows
271 of the protuberances or baffles 28. This ar-
rangement. of vertical and horizontal weld lines
defines a zigzag flow passage 20 with its open
ends or ports 25 and 26 at the lower and upper
lefthand corners respectively of the stampings 23
and 24 forming the sections C of the heat ex-
change unit or element.

Having thus joined the stampings 23 and 24
along the weld lines just referred to, the vertical
unstamped portion or edges 28 of each stamping
are then flared outwardly to become flanges 30 as
clearly shown in Figure 13. Triangular web or
partition elements 34 are provided at the ends of
the vertical spaces intermediate the outwardly
turned flanges 30 at the opposite ends of the sec-
tions C as shown in Figure 14, and also at ver-
tical spaces intermediate the flanges 30 at the left
end of the sections C immediately above and be-
low the inlet passage 25 and outlet passage 26,
and communicating with the opposite ends of the
zigzag liquid flow passage 20 as is also clearly
shown in Figures 1 and 14. Each section or zone
is then provided at its inlet and outlet openings
25 and 26 with inlet and outlet hollow hinge
arms 35 and 36 respectively, which are welded or
otherwise satisfactorily affixed to the free edges
of the flanges 30 at the lower and upper lefthand
corners of the sections C, and also to the free
edges of the triangular partitions 34 defining the
upper and lower boundaries of the inlet and out-
let ports 25 and 26 to the liquid passage 20 and in
communication therewith. End plates 31 with in-
wardly turned flanges 32 are then provided to
complete the enclosure of the vertical space inter-
mediate the outwardly turned flanges 30 at either
end of the section or zone C and between the tri-
angular partitions 34. The end plates 31 are fixed
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. to the flanges 30 by welding 33 or other satisfac-
tory means between the flange 32 and the outer
free edge of the flange 30 as is clearly shown in
Figure 9.

Each of the topmost sections 21 of the heat ex-
change unit comprised of a plurality of sections C
is also provided with a cylindrical, horizontally
grained section and unit bracing element 22 ex-
tending across the uppermost edge of the section
21 intermediate the outwardly turned flanges 30.
The horizontal grain lines 39 of the element 22
constitute liquid distributing and dispersing
means $0 act on the liquid supplied to the element
22 in rivulets for uniform distribution throughout
the entire length of the upper portion of the sec-
tions 21. Similar grain lines 39 are provided on
the surface of the stampings 23 and 24 interme-
diate the horizontally extending tiers of rows of
protuberances 28. To complete each of these re-
spective sections C, provided at their ends with
end plates 3{, and only in the instance of the
uppermost sections 2f, the end plate 31 is pro-
vided near its upper extremity with a latch or
catch 41, Such a catch facilitates the proper
mounting and positioning of the heat exchange
unit when assembled in compact order in an en-
closed heat exchanger of the swinging section
type for which the unit is particularly adaptable
as is clearly shown in our co-pending applica-
tion Serial No. 243,130, now Patent No. 2,383,292,

To provide the individual zones or sections C
of the multi-zoned units or heat exchange device
with internal flow passages 20, the outlet hinge
arms 36 of the completed multi-sectioned ele-
ments are each sealed and the inlet hinge arms 35
are each connected to a source of fluid pressure;
such as hydraulic pressure. The pressure is ad-
Justed until the portions of the plates or stamp-
ings 23 and 24 intermediate the weld lines defin-
Ing the liquid flow passages 20 have been bulged
out to the desired shape as shown by the sec-
tional drawings, Figures 7, 8, 9, and 14, depicting
internal views of the sections, and Figures 6 and
14 depicting the bulged effect on the liquid pas-
sage boundary portions of the stampings 23 and
24. However. the stampings 23 and 24 may be
stamped originally with the bulged portions to
form the flow passages 20, and in such instances
hydraulic pressure would not be required to form
the internal flow passage 20.

In Figure 15 is shown a modified form of heat
exchange section C, which differs only from the
previously described sections by using horizontal
spacing elements 48 and 49 intermediate the
stampings 23 and 24 along the position occupied
by the weld lines in the preferred embodiment
shown in Figure 1 and Figure 10, which weld
lines define the liquid flow passage 20. The
spacing elements 48 used along the horizontal
weld lines comprise straight, narrow, metallic
strips of a thickness equal to the desired thick-
ness of the heat exchange medium passage 20.
The vertical spacing elements 49 along the posi-
tion occupled by the vertical weld lines in the
preferred form and defining liquid passage 20 are
straight along their outer edges 50, but are curved
along their inner edges 51 to facilitate the pas-
sage of liquid through the liquid passage 20. The
spacer elements 49 are also of a thickness equal
to the desired thickness of the liquid passage 20.
The only other diference in the modified form
of section shown in Figures 15, 16 and 17, when
compared to the preferred embodiment of the
invention as previously described and shown in
the preceding figures, is the final shaping or
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bulging operation performed on the preferred
embodiment of the invention, which shaping or
bulging operation employing fluid pressure is not
necessary in the modified embodiment of my in-
vention as illustrated in Figures 15, 16 and 17
which employs the use of the spacing elements
48 and 48. In this later described modified type
of section the bulging operation is not required
in that the flow passages 20 are formed by and
defined by the spacing strips or elements 48
and 49, .

It will, of course; be evident that the heat ex-
change device and the unique elements incor-
porated therein are particularly adapted for use
in the treatment of foodstuffs, such as milk, re-
quiring sanitary {reatment, and the entire de-
vice is so constructed as to incorporate only
sanitary features to make it acceptable for such
use. However, the heat exchange element is also
well adapted for use in the heating or cooling of
other liquids which do not necessarily require
sanitary handling, but in which heating or cool-
ing operation it is desired to secure a high rate
of heat transfer and in which use it may also
be desired to assemble the individual elements in
close side-by-side compact relation as illustrated
in a heat exchange machine fully described in
our co-pending application Serial No. 243,130, now
Patent No. 2,383,292, of which this application
is a division. The improved heat exchange ele-
ment is simple and unique in construction, in
which construction various novel feaiures are
resorted to as well as novel methods of fabricat-
ing the respective elements. The plurality of
sections or zones which go to make up a multi-
ple-sectioned heat exchange element are provid-
ed with staggered superposed rows of protuber-
ances on their outer surfaces to assure turbulent
flow and uniform distribution of the liquid pass-
ing over the outer surface of the sections. Such
turbulent flow results in an increased efficiency
and improved rate of heat transfer as well as the
desired uniformity of distribution of the liquid
being treated over the sections. The counter-
part of the protuberances,.i. e., the cavities on
the inner surface of the sections, line the walls
of the flow passages through which the refriger-
ant or other cooling or heating medium is cir-
culated. The cavities thus lining the flow pas-
sage effect a turbulence in the liquid to produce
an improved rate of heat transfer betwesn the
refrigerant or other cooling or heating medium
passing through the flow passage and the sec-
tions C, which sections, on their outer surfaces,
are in heat exchange relation with the liquid
being treated. The uniquely finished, cylindri-
cal stiffening or bracing element affixed to the
upper portion of the uppermost section of each
unit, which bracing element is also substantially
devoid of heat exchange relation with the heat
exchange medium passing through the interior
of the section, also tends to longitudinally brace
the section as well as the entire unit and also
to receive the liquid from the source of supply
and distribute the same throughout the entire
length of the upper portion of the uppermost
section. Such features relating to the distribu-
tion effected by the uniquely finished bracing ele-
ment, combined with the protuberances or baffles
extending outwardly from the normal face of the
section, assure uniform distribution of the liquid
over the surface of the heat exchange section
joined to form the unitary elements. The cylin-
drical bracing element at the top of the heat

) exchange section heing substantially devoid of
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heat exchange relation with the refrigerant, as
pointed out above, prevents the crystallization
of liquid on the outer surfaces of the cylindrical
bracing and distributing element, thereby pre-
venting the accumulation of ice thereon, which
accumulation, if it. occurred, would prevent the
satisfactory operation of the heat exchange ele-
ment to which the distributing and bracing ele-
ment was affixed. -

‘Each of the heat exchange sections is also pro-
vided at either end with a transverse bracing ele-
ment or end plate affixed to the outwardly flared
vertical ends of the stampings constituting the
walls of the individual heat exchange sections.
The outwardly flared ends of the stampings, as
well as the end plates, are united in sealed rela-
tion one to another and are substantially devoid
of heat exchange relation with the heat exchange
medium passing through the liquid flow passages
on the interior of the respective sections. Being
thus substantially devoid of heat exchange rela-
tion, there will not be a tendency of crystalliza-
tion of spattered liquid to form on the outer sur-
face of the outwardly flared flanges at the ends
of the sections of the multi-sectioned heat ex-
change element, or on the bracing end plate af-
fixed thereto, thereby aiding in the satisfactory
operation of the heat exchange element.

Various changes in material and detailed ar-
rangement of the various elements of the heat
exchange device as shown and described to ex-
plain the invention may be made in accordance

- with the common knowledge of those skilled in
the art and yet come within the scope of the in-
vention as set forth in the appended claims.

The invention is hereby claimed as follows:

1. In a heat exchange element for lquids, op-
posed sheet metal portions forming a double-
walled structure, sald sheet metal portions of the
double-walled structure having certain parts
thereof secured together and certain offset parts
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spaced apart and in end to end communication to
provide a refrigerant passage between sald walls,
and liquid distributing means fixed to the top
edge of the heat exchange element and forming
an integral portion thereof for uniformly dis-
tributing liquid over the top outer portfon of said
element, sald distributing means having a hori-
zontally grained flow diverting finish on its liquid
contacting surface.

2. In a sheet metal evaporator, two vertically
disposed sheets joined together at contiguous
points and sealed at their peripheries and having
a sinuous flow passage therebetween formed by
opposed outwardly bulged portions of said sheets,
2 multiplicity of flow diverting protuberances on
the outer surfaces of sald sheets, and flow dis-
tributing means on the outer surfaces of said
sheets intermediate the elements of said sinuous
passage for uniformly distributing the flow of
liquid over the surface of said sheets,

- CHARLES BROWN DALZELL.
ELLSWORTH WYMAN,
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