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4 Claimis. (CL

¢ The present invention relates to heat exchange
devices :for. cooling -or heating liquids, and more
particularly to the enclosed sanitary ‘top-feed -or
~trickle-type-of film coolers; such as may be used
in-treating milk; which are of -simple compact
construction; which ‘comprise a plurality of heat
exchange sections positionable in close side by
side relation iniside a closure when'in their opera-~
tive position and pivoted to swing apart to facili~
tate cleaning when the closure is opened, which
sections are provided with internal ‘passages in

which ‘to -circulate & cooling or- heating medium
in heat exchange relation to the liquid flowing
over the-exterior surface’ of ‘the sections, and
which' sections, when in their close side by side
position, operate simultaneously on a plurality of
streams -of laquid thereby . forming ‘a compact

ot

10

15

highly efficient cooler; and to the construction of

a closure and method of fabricating a heat ex-
¢hange section and the regulation ‘of the move-
ment ‘of refrigerant through the heat exchange
sections. e ‘ :

257—180)

_exchange sections are pivoted to swing about ver-

tical axes to and from operative position in which
they stand close together side by side to positions
in which they are freely accessible for cleaning;
in which the sections are provided with spacing
and bracing elements which maintain the sections
in alignment while in their operative position but:
which elements are substantially devoid ‘of heat
exchange relation with the: cooling medium:.or
refrigerant passing through the sections; 'in
which. the individual sections are provided with
3 novel liquid film distributing means along their
upper edge; which distributing means also con-
stitutes a bracing element for the individual heat
exchange ‘Section; in which the heat exchange
medium is supplied to the heat exchange sections

'through freely. pivoting hollow hinges or swivel

joints' constructed to prevent leakage of refrig-

“‘erant onto the sections and -aligned with:‘the

20

~iThe process or method‘of making the heat ex~ -

change sections as disclosed in this applicatiod
is“fully described -and’ claimed in ‘our divisional
application Serial No. 250,670, filed January 13,
1939, ‘and’entitled “Ieat exchange element.”

The heat exchange section ‘as-disclosed in this
application is-described and ‘claimed in our divi-
sional application Serial No: 442,750, filed May 13,
1942, and entitled “Heat exchange element.”

The ‘refrigeration system as disclosed in this
application is described and claimed in our divi-
sional application Serial No, 444675, filed May 27,
1942, and entitled “Heat exchange device.”

In-heat exchangers of the sanitary type, such
as are used-in the processing of milk, it is essen-
tia] that all parts thereof which contact the milk

be easily accessible for frequent cleaning. ‘It is.

4iso essential that the mechanism be so con-

structed that any leakage of cooling ' medium’ or
refrigerant will \be prevented. from’entering the
Thilk being processed. It is also desirable to have
all of the functioning elements; particularly the
heat exchange sections, enclosed when in their
operative position and to this end, in addition t0
various other features, the present invention em-
bodies a closure which i so constructed that it
must first be closed before the mechanism’can be
operated. . 'The accompanying drawings illustrate
+the invention in a heat exchanger of the type
referred to. AT ‘
" The ‘objects of this invention are to provide a
sanitary,. efficient, compact: heat exchanger of

novel construetion in which & plurality. of ‘heat

25:

_ individual distributing element carried at

30

- section.

35

pivots supporting the cantilever or eccentrically
mounted sections, which hinges establish- liquid
communicating passages between the interior of
the heat exchange sections and the heat exchange
medium supply and discharge manifolds.
Another object of this jnvention is to provide
o milk- supply holder which, together with the
the top
edge of each heat exchange section, as well as the
distributing bafle within the milk supply holder
or chamber, will assure the proper distribution
and application of the milk to each individual

A further object is to pivot. or swingably sup-
port the eccentrically. mounted, unitary heat ex~
change sections having one or more independent
heat exchange medium passages, and to construct

and arrange the pivots-and hollow hinges in' a

~ ‘manner which will prevent the application of the

40"

45

55

eccentrically mounted weight of -the heat ex-
change sections to the packing glands of the hol-
low hinges constituting the refrigerant medium
supply contections individually ‘connecting the
independent passages to separate supply headers

-permitting individual control and operation; and

which  will: enable the removal ‘of -any sections
from  its - connecting hollow hinges and pivots
without disturbing the arrangement of the ‘ad-~
justment of the pivot elements or the packing
glands in the swiveled joints of the hollow hinges
whereby the desired adjustment of the pivot ele-
ments and the packing glands in the swiveled
liquid connections-is readily maintained.
A-further object of the present invention is to
provide a novel closure and collecting basin in
which the collecting basin constitutes an inte-




2 .
gral part of the closure thereby hecessitating
the closing of the heat exchanger before com-
mencing the operation of the mechanism.

Another object of the bresent invention is to
provide & means and method Whereby the fiow of
liquid refrigerant through a heat exchange sec-
tlon may be readily controlled and regulated to
facilitate the rapid commencement and discon-
tinuance of the refrigerating action.

Further objects of this invention are to DPro~.

vide an embossed sheet metal heat absorbing

section of cheap construction, together with a -

simple method of constructing the same, in
- which the embossed sheets are arranged face to
face and sealed along predetermined lines thus
providing sealed liquid passages intermediate the
metal sheets. : o

A still further object of the invention com-

prises the construction of a heat exchange sec-
tion. of improved efficiency and. augmented heat
transfer surface which is brovided ‘on its liquid
contacting surfaces with means to. obstruct the
uniform, laminar flow. of a film of liquid, and to
secure the dispersion and distribution. of the
liquid upon the heat exchange surface in such 2
manner as to cause a difference in the speed of
different portions of the liquid as they travel over
and-around the obstructions on the surface of the
Section, resulting in ‘a more efficient heat trans-
fer between. the liguids inside and outside of the
sections. : : T

- As one important feature of the bresent in-
vention the supporting framework -for the heat

exchange sections and the liquid  distributing .

trough comprises the use of .the refrigerant sup-
ply and discharge manifolds and a central heat
excthange section ag integral and active elements
in the framework of the entire mechanism.

‘It is also important to note that in the con-
struction of the present machine, the refrigerant
supply ‘and  discharge manifolds are both .con-
structed -or housed in the ‘same manifold uynit,
This construction: lends [dtself particularly. well
to the fabrication of a heat exchanger in which
* the individual heat exchange ‘sections are pro-
vided with different zones of individual passages
for, heat. exchange medium to which different
controlling: fluids or heat. exchange media can be
supblied. at will,

. Other important features of the invention will ¢

be apparent upon examination of the details of
construction and .arrangement of the heat ex-
- changer parts and their various combinations as
disclosed in the figures and description, includ-
ing the hinged or swiveleq supports -or hangers
for “the - sectional cabinet closure elements by
which the common unsanitary seams along the
lines of affixation. to large strong hinges -are
aveided and sufficient strength is achieved to en-
able the proper support of the collecting basin
‘which forms an integral part of the closure, as
well as: the unique clamping -mechanism which
maintains the individual heat exchange sections

in proper alignment with the liquid supply and

distributing means when the sections are in op-
erative position, all of which will be first fully
described and then be specifically pointed out
. in the appended claims, reference being made to

the accompanying drawings in which: ,

Figure 1 is.a perspective view of a heat ex-
changer arranged and constructed in accordance
with the present invention, in which the cham-
ber for distributing liquid over the various sec-
tons has been removed and the heat exchanger
has been opened as if for cleaning purposes.

<

25

35

40
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Figure 2 is a perspective view of a modification
of the heat exchanger shown in Pigure 1, and
shows the chamber for distributing liquid to the
sections swingably mounted above the sections
and the chamber for collecting liquid from the
sections ‘swingably mounted below the sections.
The collecting chamber in the modification shown
in’ Figure 2 is independent of the ‘covers for the
heat exchanger, : :

Figure 3 is an elevation partly in section of the
bracket and hinge arm arrangement used in the
support of the distributing chamber as shown
in Figure 2. )

“Figure 4 is an end view, partially in section
and partially broken away, of the heat exchanger
embodying the preferred arrangement of this in-

- ‘vention,

Figure' 5 is a view showing the heat exchanger
partially in longitudinal section elevation,

Figure 6 is a transverse section plan on an
enlarged scale taken along line 66 of Figure 5.
- Figure 7is a longitudinal section elevation of .
the refrigerant supply and discharge - manifold.
and the hinged fluid couplings for the heat ex-:
change sections taken along line 1T of Figure 6.
- Figure 8 is a longitudinal elevation view of the
cabinet-like closure for the heat exchanger,

Figure 9 is a longitudinal -elevation, partially
broken away and partially in section, of a - modi~.
fication of the liguid: couplings or hinge .arms
Jjoining the heat exchange sections with the hol-.
low hinge elements communicating with the re-
frigerant supply and discharge manifolds, "
. Figure 10 is a rear view elevation of the heat
exchanger partially in broken ‘away section and
with the enclosure removed showing the refrig-
erant ‘supply .and return mechanism and-the
refrigerant circulating bumps and connections,
.- Figure 11 is 4 longitudinal elevation partially
in- broken away section of a modification of .the.
hinges or pivot elements swingably supporting
the heat exXchange sections and the swiveled liqg-
uid connections communicating between the re-

. Irigerant supply and -discharge manifolds. and

60

65

Section shown in Figure 14.

5 the heat exchange sections.

Figure 12 is a transverse elevation taken along
line 12—12 of Figure 11. o , '
Figure 13 is a further: embodiment of this in-
vention showing a plan view of the arrangement
of refrigerant supply and return manifelds and
the swiveled connections through Which the re-
frigerant medium circulates from the manifolds
to the heat exchange sections. ‘ 3
' Figure 14.is 3 longitudinal elevation of the heat
exchange sections embodied in thig invention
shown in the perspective view in Figure 1. -
Figure 15 is a plag view of the heat exchange

. Figure 16 is an end ‘elevation of the Heat X~
change section of Figure 14 showing the :liquid
couplings of the section which are joined tg the
hollow swiveled hinges in the refrigerant supply
and return manifolds. .~ . . , R

- Figure 17 is an elévational view of a portion of
the liquid distributing and heat exchange rein-
forcing elemeént mounted: st the upper edge of
the section, showing' the novel surface of the
liquid distributing element. and schematically’

.. 1llustrating the dispersion. of the lquid as it

70

travels over the element beifore reaching the heat.
exchange section. ‘ ’ o )

Pigure 18 is a longitudinal. elevation. of a por-
tion of the heat exchange section provided with

- novel surfacing at spaced positions. along. the '

path of travel of the Tiquid being treated to dis-
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perse and. more uniformly distribute the liquid
on the heat exchanger surface. '

Figure 19 is a transverse section elevation;and..

partially ‘in .broken: away section, -of the heat
exchanger embodying this invention, taken along
the line 19-—19 of Figure 14 R
“Pigure 20is'a
.the heat exchanger embodying: this invention,
taken-along the line 20—20:of Figure 14: ..
PFigure 21.is--a . transverse .section . elevation
taken along the line 21—21 of Figure 14.
Figure 22 is'a longitudinal section plan taken
along the line 22-—22 of Figure 4.0 :
“Figure 23 is-a Jongitudinal elevation View of
‘the juxtapositioned metal: stampings used in the
construction of the heat exchange sections show-
ing ‘the line of welding before the liquid passages
have been shaped or the ends flared. s
 Pigure 24 is ;a transverse section elevation
taken along line 24—24 of Figure 23.
Figure 25 is a transverse section
along line 25-—25 of Figure 23. L
Figure 26 is a section plan of an end portion
‘of a partially fabricated section showing the end
plates for sealing the ends of the sections in
relative order of assembly. R
Figure 27 is a perspective view partially -in
‘broken away section of a portion of ‘the heat
exchanger: embodying this invention with its
liquid. connections.; . FE
. Figure 28 is a longitudinal elevation of a-modi-
fication of the heat exchange section embodying
this invention. -

plan ‘ta.ken

Figure ‘29 .1s. a fransverse section. elevation

taken along the line 20-—28 of Figure 28, ©
Figure 30 is a transverse. section _elevation
taken along the line 30-—30 of Pigure 28. .
" Referring to the drawings, the principal parts
of this invention in a heat. exchange device in-
clude 2 base A, a -series of refrigerant or: heat
exchange medium supply manifolds B fixedly
positioned in vertical alignmient upon the base A
to constitute a vertical frame as well as refrig-
érant supply source, a plurality of hollow, zoned
heat exchange sections or units C through which
the refrigerant. is circulated, associated hinges
or pivots D for swingably supporting the units C
upon the base A and ‘manifold frame, hollow,
swiveled liquid, connections
with the hollow heat exchange sections or units
C and manifolds ‘B for supplying the heat ex-
change medium fo the interior of units C, an up-

transverse: section elevation of:

£ communicating:

[

10

30

35

50

right or standard F fixed to the ‘normally free :

end of one of the sections C thereby, forming a
frame with the base A through .the section C
and manifolds B for supporting the weight ' of
the sections C and box-like or cabinet covers G
Which overhang the base 4, a liquid supply ‘and
 distributing chamber H supported on the mani-
- fold frame B and the upright F from which
¢hamber the liguid to be treated is passed over
the sections C, a collecting pasin I below ‘the
sections C for collecting
been passed down over the sections C, and re-
frigerant storage and ¢irculation mechanism J
mounted on: ‘the base A
arate cabinet K.

The base A consists of & stibstantially ‘Tectan--
gular sheet metal construction with vertical walls’

30 and top cover 31; all supported on-a skeleton
box-like framework 32 provided with adjustable
legs 33 which are threaded into collars 34 affixed
to the frame 32.  The preferable ‘constru(:tion‘
of the framework and sheet ‘metal covering is a
welded construction. - Dot

the liguid which has

55

60

65

and housed in a sep- -

70

75

» ‘
3
“The heat exchanger fllustrated in Figures 1, 4
5:6,7,8,:9 and. 10 as one practical adaptation of
this invention, comprises .a “plurality of multi-
zoned. heat exc¢hange sections C, which when in:
operative position stand close - together side by:
side within: an enclosed cabinet G. . The specific. -
details of the consfruction of the sections. C:will
be described in detail later, put, as illustrated,
each  section comprises & series -of superposed:
zones of independent heat exchange medium pas-
sages: 35 -for the ‘circilation ~of the medium
through the interior of the sections.. Ll
The multi-zoned sections C-are each provided!
at one end with aligned hollow, hinge arms 36:and
.37 which are permanently offixed to the section;:
each communicating with an inlet end 38.or out-:
1et end 39 respectively of the liquid passages 35..
The hollow hinge arms 36 and 37 are.each pro-:
vided at their free end with a union element:
' 15 having ‘liquig passages 80, .2 tapped . central:
opening. 41, and-an annular recessed gasket. seat..
42 in its face which, when provided with:a gasket
43, is seated .over a complementary ‘annular
flange on the free end.of & hollow journaled hinge
element ‘44 to which it is releasably secured- by
means of ‘a:screw 45 passing through the hinge
element 44 and threaded into the tapped open-.’
ing 41 of union 15. By this arrangement:a. sec-
tion C may be removed without disturbing the
hinge elements 44, R T L ARt
Each of the hinge elements A4 associated with
4 section C is in axial vertical alignment and: at
their free ends communicate with. the:interiors
of ‘the manifolds B through liquid sealing glands:.
In the embodiment of this invention specifically.
illustrated in Figure 5 the hinge elements 44 ‘are;
also in transverse alignment perpendicular to.the
plane of ‘sections C. However, if it is desired to
make aiheat exchanger which is yet more coil-

- pact and in which the sections.can be - freely;

pivoted away from operative position,-the hinge.
elements 44 may be arranged at an-angle to the.
plane of ‘the sections C as shown . in Figure 13
(preferably a 45° angle) which will permit of free "

5 pivoting of the sections C through app,roximately‘

an angle of 90°.~ : R S

The liquid sealing glands, through which the,
hollow hinge element 44 communicates with:the;
interior of the manifolds B, consist of a;ferrule.
46 threaded into a partially tapped opening 47 of
the manifold B. . An annular flange on: the. outer
periphery of the union 46 is drawn into sea_,ling1
engagement with a counter sunk shoulder in the
opening 47, 'The interior of the union: 48 with.
its inwardly turned flange at its. free end . also
constitutes the retaining chamber: for the lam-
inar packing element 43 which is compressed into
sealing engagement . with the hollow hinge ele-
ment by ~means of compression element 49 -
pressed against the packing element 48 by means
of nut 50" screwed onto the outer ‘end of union
46, o

The heat exchange sections C are each swing-
ably - supported: on lower and upper vertically
aligned hinges or pivots. whereby the various.
sections may be swuns outwardly on their hinges
from-an operative position'in which the sections
stand close together face to face to positionsin
which -~ the sections -are’ readily accessible for,
cleaning. The lower hinge element or pivot com-
prises @' -conical pivot point 51 mounted. in .a
socketed Joss 52 affixed to the framework 32 of .
the base" A, which pivot point. engages in a cen-

tral socket 53 in‘an axially aligned hoss 54 form-
ing.an integral patt of the Jowermost: hinge ele-;




i
4
ment 44 at the lowermost extremity = thereof,
The upper hinge element or pivot comprises a
cylindrical axially aligned boss 55 formed in-
tegral with ‘
hinge element 44. Bosg 55 engages a. socket 56 in
a bridge plate 57 affixed to the top of and form-
ing a part of the vertical manifolg framework

. B fixed to the base A. The pivot point &§f, socket.

53, boss 55
alignment with the
44, whereby the cantilever or eccentrically
mounted weight of the section C is all carried
by the upper and lower hinges and the applica-

and socket 56 are all in vertieal axial

tion of eccentric pressure to the sealing glands is.

brevented resulting in their increased : efficiency
and life, ’
-In Figure 11 ig illustrated 'a modification: of

the upper and lower hinge arrangement for the .
support of sections C. In the modification shown

in Figure 11 the socket 53 and the boss 55 are naot

associated with the lowermost and uppermost:

hollow hinge elements 44, but they. are associated
with rigid bracket arms 58 and 58 respectively
which are provided with socket 53’ and boss
55’ respectively, :

manently fixed' to the section C. Various meth-
‘0ds of affixing bracket arms 58 and §9 ‘to the
sections C may be devised and in Figure 12 ig
shown -3 transverse elevation through one sec-
tion depicting inwardly turned lugs 68 at the sec-
tion-end of the bracket arms 58 and 59, welded
to the section C.on either side of the heat ex~
change surface, . )

The manifolds B and bridge plate 57 . are
mounted on base A by four vertically extending
lag bolts 61 rigidly fixed to the base A and pass-
ing. through ported bosses. §2 at the several cor-
ners of the manifold and bridge plate 57. The
necessary vertical spacing of the manifolds and

bridge plate is secured by spacer elements 63 tele~

scoped over bolts 61 intermediate the. several
manifolds and bridge plate. The spacing ele-
‘ments €3 are accurately machineq and their ends
it into counter sunk recesses at the ends of the
tie bolt ports in the bosses 62.. The manifold
and bridge plate assembly is held in rigid posi-
tion by compressing the assembly by tightening
the end caps 64 on bolts 1. Closure plates 65
are -attached as by screws 66 to-the adjacent
horizontal edges of the manifolds B and bridge
plate 57 and between the lowermost manifold and
the base A, to form with the manifolds a vertical
wall ‘adjacent the swiveléd hinges 44. Vertical
closure plates 67 are attached as by bolt screw 65
to-the outer ends of the manifolds B, and to-
gether with the manifolds B, closure plates 65
" and end plates of the sections C constitute a, sub-

stantial-enclosure of the swiveled liguid hinges 44.

Each manifold B includes an internal division
plate or web 68 which divides the manifold ‘into
a lower supply header 69 and an upper return
header 78. Supply header §9 is provided in its
rear wall with a refrigerant supply port Ti which
is in communication with a refrigerant, supply
conduit 12. Return header 18 is provided in its
rear wall with a refrigerant return port 13 com-
municating with a refrigerant return conduit 74,
In the upper and lower wall of the manifcld B
and adjacent the front edge a series of Hartially
tapped openings 47 are provided for the hinge
elements 44. These openings are in transverse

alignment one with another - and - vertically
aligned in pairs, edch pair constituting the re-
frigerant supply and return connection for the
associated zone of a section C.. It is important.

and at the top end of the upperinost:

hollew liquid hinge: elements

and which bracket arms are per-9;

. only to the lower manifold

30

o
ot

40

50.
- ecireulated . from. the

60

65

. turn -header 10 from
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to note.that due to the unique design of the
manifold B to act hath . as supbly and return

‘headers, it' has been bossible ‘to construct . the

campound . manifold, together with - the ‘Hquid
hinge elements associated with a respective zone
of a section C, of lesser vertical extent than the
Zane in a multi-zoned heat exchange section ¢
to which the liquid is being supplied. :

In the  operation of the heat exchanger em-

“bodying. this invention various types of heat ex-

change. media may be used in the sections C..
It-may be desived to use brine, fresh cold water,
hot water or. some: type. ofdirect expansion
refrigerant such as Houid ammonia. - Tt ‘may
also be desired to use the combination of several
of such heat exehange media, .for eXample, cold
water and lguid ammonia,. in different zones of
the heat exchange sections and in such Instahce
it is desirable to. use the cold water in the tipper
zones of the sections C and'the Liquid ammonia,
in the lower zone. With this thought in mind
the Figure 10 illustrates refrigerant connections
B and therefore only
to the lower zone 35 of sections C. However, any
other desired arrangement of connections to the
Zones of sections C may be used within ‘the
scope-of this invention. ' R
Tiguid heat exchange medium, such as g re-
frigerant, is supplied to the heat exchange de-
vice by jconduit 15, to a float valve 11 through
which it enters an sccumulator 169. The ac-
cumulator 6§ is of an operative capacity in
excess of the capacity of the combined zones of
sections ‘C which are supplied with refrigerant
from the accumulator 1§9, whereby an excessive
supply of lquid refrigerant is always available
for prompt and efficient operation of the heat
exchanger, The - accumulator 169 - is  rigidly
mounted on the frame 32 of base A immediately
to the rear of the manifolds B, From the lower
portions of the accumulator |§8 liquid refriger-
ant is withdrawn through conduit 1§ which ‘sup>
nlies the positive acting or other satisfactory type
of ammonia circulating bump 19° driven by motor
80. From pump 19 the refrigerant is forced
through conduit 81 into an oil separator 82 from
whence it passes through. conduit 72, through
the manifold supply header port. Ti, into the
Supply . header' ‘69. After the refrigerant has
; supply header ‘69 through
the lower hinged elements. 44 .and one of the
zones 38 of section C, it is returned to the re-
which it passes through
return. port. 13 to return conduit 14 into the,
upper gas. portion of accumulator {69, It may
be desirable, however, to interchange the re-
Irigerant conduits 12 and 14 in their connec
tiens. to. manifolds 69 and. 18 to thereby. produce
a. downward flow of refrigerant through the sec- -
tiens €. The refrigerant. gas and Unevaporated
refrigerant thus returned through conduit T4 is’
impinged against an angular deflecting plate 83
causing the return refrigerant to momentarily
travel: about, a cireular. path during which time
the liquid refrigerant precipitates from the gas

~-and settles to the bottom of the accumulator

0

from whence it may be again circulated through

sections C. The. gaseous refrigerant, however,
is withdrawn. into, the uppermast. .compartment.
of -accumulator #69 which is, divided from. the
main.compartment. by ported diaphragm 84, past,
a further separation. baffle 85, after. which it is

"discharged. from: the accumulator in a substan-
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tially dry state through 'c'ond'uitl486 ‘returning
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‘theprefrigerant.sgas~to 5 .compression. unit not
:showh in the figures.. .. .=~ R N

-.-The-heat exchange: sections C when in oper-
" ative .position are supplied with liquid ‘to . be
‘treated: fromra distributing chamber H, which
in the preferred embodiment’ of; this invention,
is mounted above the sections: C in alignment
therewith -and supported at its rear wall: by a
bracket 81 extending:forwardly and upwardly
from the' forward outer corpers-of ‘the bridge
plate 57 to-which it is rigidly affixed as by weld-
“ing. vAdjacent ' its front -wall- the - distributing

10

chamber H is supported in - aligned and 'spaced -

relation relative -to the'séctions . C by an upright
.88 fixed to the upper front corner of the fixed
central section C which'is' rigidly fixed to the
standard Fas by bolts 89 and spacer elements
-80:thereby forming a forward framework for the
heat exchange device to cooperate with the base
A and manifold B.” Liquid, such’as milk, is sup-
plied to the distributing chamber by supply pipe
91 removably supported in a fitting 92 swivelled
“on the top of 'standard F. - Pipe- 91"is provided
with -any conventional ‘sanitary coupling 93 at
‘itsinlet end and ‘is capped at-its far end and
extends centrally over the chamber H. ‘A series
of perforations 170 are provided along the lower
portion of pipe 81 above the chamber H through
~which ‘perforations ligiiid to be treated |is dis-
charged into the trough of an inverted W-shaped
horizontal ‘distributing ‘bafie 94. From this
trough*84° liquid spills over the inclined legs or
fins’ constituting the remaining portions of the
Wishaped bafile plate in the supply chamber H.
The ‘liquid spills ohto'the perforated bottom of
«chamber ‘'H midway between - the cuter ‘walls
and the central portion of the chamber. Notches
‘or cut-away sections (1{ are provided along
the edges of the W-shaped baffle. where it con-
tacts the bottom of chamber H, to permit the
feady and uniform distribution .of the liquid
‘over  the entire ‘bottom of the supply chamber
H. From ¢hamber ¥ the liquid is discharged
onto sections ‘C through a series of double rows
of ' 'perforations’ ‘895 extending longitudinally
across the bottom of chamber H and in align-
ment with the section C. A double row of per-
forations 95 supplying any one section C is in
alignment therewith and - eqiially ‘spaced on
either ‘side of ‘the central vertical plane.of the
section C, thereby assuring distribution of liquid
from the chamber H to both sides of section C.
The liquid distributed onto the sections'C from
‘chamber 'H, “after ,passing ‘over the. sections, is
collected in'chambers I below the sections'C... The
chambers I are formed integral with the. two
sectional cabinet:like covers, for the heat ex-
¢Hanger,” The lower;portions’ of the outer wall
panel 85 and end panel 97 of each half of the
sectional cabinet closure G are also used at the
corresponding walls ‘of the collecting chamber 1.
To complete the collécting chamber I.for each
half of the sectional closure G, & forwardly in-
‘clined bottom plate 98 is provided which also con-
stitutes the bottom closure for the sectional cabi-
net G, and there is also provided an inner wall
99 with outwardly turned flange 100, as well as a
rear end wall 101 with outwardly turned flange
(02 to complete the chamber I, both of which
walls 89:.and 101 are of the desired depth of the
chamber I In the other half of the séctional

cabinét'closure G'the'inner wall 99’ is of slightly
lesser height than'the wall 89 so that upon clos-
ing the sections of' cabifiet G the outwardly ex-
tending fange 100 will overlap flange 100”, there-
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109" from’ its: pivot 112

5

by forming a complete closure below the sections
¢, assuring the collecting -of -all the liquid pass-
ing from ‘the surface of . the sections. It is of
course: essential that the length of chamber I be
sufficient to accommodate the liguid flow. from
sections C. SR AT :

The -sectional halves ‘of  the cabinet-like: clo-
sures G also include::a-cover plate 103 down-
wardly and - outwardly inclined. from. its inner
edge: toward the upper edge of the cabinet wall
panel 86. - Rear wall panels for the sections of
closure G are not necessary as the. cabinet clo-
sure. is swingably supported on the front two
manifold frame tie bolts 81 with its side wall
panels 96 and top panels 103 abutting up against
and cooperating with the manifold housing side
panels: 67 and top panel 104 of the manifold clo-
sure to complete the cabinet.

The sectional cabinet type closure G is swing-
ably -supported on a hinged pipe framework in-
cluding two parallel horizontal pipe reaches 105
joined adjacent either end by two parallel ver-
tical pipe reaches 106, ‘all of-which pipes are

joined:by any‘desired‘conventional‘manner such

as T unions or by welding. The closure sections
G ave affixed tc the! pipes: 105 and 106 by bolts
{07 ahd spacer elements. 108 in any conventional
manner. At the rear end of the pipes: 105 hinges
1089 and 110 -are provided to swingably: support
the pipé framework for' the cabinet closure sec-
tion . G upon-the two front tie bolts 61. Hinge
element 109, affixed to the rear portion of ‘the
upper reach of the pipes 1089, is provided with a
socket 111 as shown in Figure 8; and is pivoted,
on the bolt caps 64 which are formed with &
pivot boss: 112 at’ their upper end. The hinge
clement 110 is-affixed to the rear portion of the
lower pipe reach: 185 and. consists’ of & :semi-
circular' yoke element which abuts up- against
and pivots ‘upon’a anifold spacer-element 63
mounted ‘'on tie bolt &1.. By this arrangement of
a pipe framework for swingably supporting the
sheet metal cabinet closure section ‘G,  the sec-
tions "are’substantially .stabilized ‘and strength-
ened to support the excess weight of the collect-
ing chambers: 1.7 A further advantage  of ‘the
unique hinges 109 and 110 is ‘that the ‘entire
sections of the cabinet-like:closure G, as well .as
the collecting chamber I, can be removed from
the heat exchange device by jifting the top hinge
Tt is also important to
note that ‘the cutwardly turned flanges 100-and
102; in~addition to their function -of’ completing
the closure, also accormplish’ the additional func-.
tion of strengthening the otherwise easily bend-
able sheet’ metal ‘sonstruction due to their an-
gylar relation to the plane of the panels of which
they form a part, thereby strengthening . and
bracing the same, = T ,
The closure cabinet’ also includes the réfrig-
erant accumulator and pump unit’sectional cas=
ing K, which'is positioned on base A oh' the op-

‘posite side of the manifold frame B from the

closure sections G, and includes vertical wall
panels 113, end panels 114 and top penel 115.
The sections of cabinet K are removably hinged:
as by hinge elements’ 109’ and 110’ as shown in
‘Wigire 5, to the two rear posts or manifold; tie

bolts 61 in the same manner as the sections ‘of

cabinet G- are removably hinged to the two, front
4ié bolts 61 by hinges 109 and 110. The wall
panels 143 ‘and top panels” {15 cooperate with
the wall plates 61 “and ‘cover plate 104 of the
manifold housing to’complete the enclosure for -
the ammonia system J. ‘ =
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At the forward and lower free end of the sec-
tional collecting chamber I each section is pro-
vided with a, discharge ‘connection Li6, together
with the necessary elbows: | 11, which communi-
cate with a compound union I't8 provided with
the conventional coupling means 119 to conneet
to a discharge line not shown,

To-further brace the upright standard P, g
tie beam (20 is provideg between the standard
P and the base A. The tie beam 120 is comprised
of a vertical fin. (21 and a transverse fin 22,
and is affixed at either end to the base A and
standard F.in any conventional manner such as
by bolts 123. The tie beam 120 is positioned in
vertical alignment with the fixed center section
C of the heat exchange device and inclined for-

wardly relative to the horizontal at the same an-

gle as the bottom panel 98 of collecting cham-
ber I, and positioned at the necessary elevation
So that the inner edges of panel 98 of chamber T
rests. upon the transverse fin 122 when the sec-
tions G of the cabinet are closed. . :

The inner edges of vertical front end panels
97
with a flange 124 at an angle to the plane of the
panels 97 to brace the panel, and to complete the
clostre of the sectional cabinet for the heat ex-
change device.

Each of the sections G of ‘the cabinet-like clo-
sure is provided with a catch element 125 on its
front end panel 97 adjacent the inner edge there-
of to coact with a latch 126 carried upon the up-
right standard B

In the operation of the heat exchanger it is es-
sential that the several

sure the distribution of liquid on both sides of

- the sections C. To this end we provide com-
“pound latch elements 127 hinged on a spacer ele-
ment 88 to coact with cateh elements 128 affixed
to the upper portion of the free end of the pivoted
sections C thereby maintaining the sections C ac-
curately positioned helow the distributing cham-
ber H, :

In the modification of ‘the heat exchange de-
Vice shown in Figure 2, the distributing chamber

, Instead of being supported on a bracket 87 and
upright 88, is swingably supported on hinge grm
129 fixed to the bivot element 138 pivoting in
socket 131 of boss 132 formed on top of the bridge
plate 57 adjacent the center of its front edge,
as shown clearly in Figure 3. A notched latch
element 133 is affixeq to the front wall of cham-
ber H and coacts with upright 88 fixed to the cen-
ter section C to support the free engd: of chamber
H when in itg operative position and accurately
bosition it with respect to the sectiong C.

.. The modification of the collecting chamber I
shown in Figure 2 comprises a unitary collecting
chamber 134 swingably supporteq by hinge arms
135 hinged to the frame 32 of base A by pivot 136,

hotched lateh element 139 is fixed
centrally to the front vertical wall of the swing-
ably mounted chamber 134 to coact with the tie
rod 140 to support ang

bosition the free end of
the chamber 134, :

In Figure 9 is shown a modifieq construction of
the hollow hinge arms. 36 and 37 which are pro~
vided with an annular.outwardly protruding cor-
Tigation 141 which enables slight distortion of
the hollow welded sheet metal hinge arms 36 and

of the cabinet closure sections G are provided.

sections C be positioned :
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31. Such slight distortion of the hinge arms fa-
cilitates the assembly of the hinged heat exchange )
section. 'C which assembly necessitates the ver-
tical alignment of all the swiveled hinge elements
44. . The corrugations 14{ will also function as

- deflectors of liquid draining over the ‘hinge arms

36 and 31, :

A further important feature of the invention
llustrated in Figure 2 involves the use of ‘the
portless end plate 42 mounted on the vertically
aligned series of hinge arms.36 and 37 normally
associated with the ends of the liquid passages
38 in the several zones of each section C normally
carried by the hinge arms. The end plate 42
serves the purpose of forming a dividing wall be-
tween the sections C and the hinges 44, which
wall is normally formed by the ends of sections C.
The end plate 142 is of the same width as the.ends
of section C ang therefore when in close side by
side relation, cooperates with the ends of ‘the
mounted sections C to constitute a front closure
for the chamber housing the manifolds B. How-
ever, due to the fact that -the end plates 142 are
mounted on the hinge arms 3§ and 37 (which for
this purpose are sealed to prevent the escape of
refrigerant medium) they are capable of swinging
movement and  therefore facilitate : the lateral
movement of the sections C. , :

Figure 13 shows a modification of the manifold
B and the relative arrangement. of -the -holiow
swivel elements 44, the lower pivots 51 and the
upper pivot receiving socket 5§ with respect to the
blane of the sectiong C when in operative position,
Each manifold B in the modification of Figure 13
is divided into two separate halves each half only
supplying sections C on one side.of the fixed cen.
tral section C., The general arrangement of the
mounting on the base A is the same-as-described’
for the preferred construction shown in Pigure's.
In the modified construction of Figure 13 -the
hinge elements 44 and pivot elements.57 ang 56
are arranged in close side by side alienment.on
the modified manifolds B at an angle (preferably
45°) to the vertical plane of the fixed center
section C. This angular arrangement of swivel-
Ing elements permits the free swinging of the
several sections C through about an angle of.90°
without binding one Upon.another. - The refriger-
ant for the fixeq central sections is supplied by
separate means, not shown, but which may be any
conventional conduit connection. S
" Referring now more particularly to the. em-
bodiment of the invention as it relates to the heat
exchange sections C and the method of making
these sections; each section C, as illustrated,. in-
cludes several zones or units of independent flow
passages 35. These independent Zones or units
are all identical with the exception of the topmost
unit 149 of each section which is provided at its
tap edge with g cylindrical “bracing and liquid
dispersing element (50 substantially - devoid of
heat exchange relation with the rest of the. sec-
tion C of which unit 149 forms a part. 'The flow
passages.in each zone or unit consist of outwardly
bulged cooperative portions of the two rectangular
sheet metal stampings 143 and 144 intermediate -
a series of two sets of continuous weld lines join-
ing the stampings.and defining the flow passages
in between the two stampings 143 and 144, The
two ends of the bassage 35 are located, in this
preferred embodiment of the invention, at the
lower and upper left hand corners of the unit
and. are respectively the inlet port 38 and dis-
charge port 39. However, it should be .evident
that the passage 35 could be so arranged and con-
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structed that the ends thereof would be located
at opposite ends of the unit or zone. - -
. The ‘passage 35 ‘consists of a series ‘of hori-~
zontal lengths of passages between the stampings
{43 and 144 with appropriate pulged - vertical
passages so joining the ends of the horizontal ele-
ments ‘of the passages as to constitute a zigzag
line of travel for liquid passing-therethrough,
The stampings 143 and 144 consist: of ‘substan-
tially : co-planar metal sheets  (preferably non-
¢orrosive metal, such-as stainless steel) provided
with a series of horizontal tiers of staggered. rows
{46 of outwardly directed, hollow, preferably semi-
" ‘spherical protuberances 145 ‘extending' substan-
tially -across ‘the stampings leaving-only-a ver-
tical margin 199 at each end unstamped. - The
rows 146 are usually three deep and the size of
the protuberance is such as to-effectively. block
the space intermediate two adjoining protuber-
ances in an adjacent row
diverting any liquid-which may flow ‘through be-
tween the ‘protuberances .in the "adjoining: row.
The depth, however, of the protuberances is not
sufficient to cause g rupture of the liquid -layer

as it flows downwardly over the heat exchange :

sections. . The vertical margins at. either end are
flared outwardly forming flanges 160, -End plates
162 with inwardly directed flanges 183 are af-
fixed to the free edges of flanges 160 by weldings
164 between 160 and (83 with the exception”of
that ‘portion of the flanges 160 immediately ad-
jacent the inlet and outlet. ports 38 and 89 for
. the.passage 35, ‘Triangular web or partition ele-
ments 161 are affixed intermediate the. flanges

160 at each end of each end plate 162 thereby -

sealing the vertical space intermediate the flanges
160 and end plates 162, which space and defining
elements 160, i§1-and 162 are substantially devoid
of heat exchange relation with the passages 35
and the refrigerant which may flow through the
passages. - Each unit-or zone is'provided with an
‘inlet and outlet hinge arm 36 and 317 respectively,
which ‘arms‘are joined to the unit at the inlet

{46 thereby effectively
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Thay be connected in series or parallel as the case
may be. In each instance, however, ‘the flow
of theliquid 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 sides of
the sections, hias been an undisturbed flow. The
liguid flowing over the outer surface of those
types of sections has been in the form of a uni-
form film smoothly sliding over the wetted sur-
face of the section. Such a flow generally ;as-
sired or rather necessitated a type of laminar
flow of the liquid film in ‘which the outer par-
ticles of the liquid film would travel faster than
the inner particles of liquid film which were near-
er the stationary wetted surface- of the heat
exchange section,  One of the chief advantages
of ‘the new and mnovel section embodied -in ‘this
invention, as illustrated in Figure 14, results from
the turbulent flow of the liquid-as it-passes down
over the sections and engages the. protuberances
145, résulting 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 143 and 144 ' not
been provided with: protuberances {45. Such de-
flection 'of the particles of liquid in the thin
liquid layer by the ‘protuberances 145 results in
the separation of one liquid particle from another
and. the rejoining of such separated particles with
ctill other particles as they pass down over the
plates 143 and 184, Such separation and rejoin-
ing-of the liquid particles result in active tur-

. pulence within the liquid layer itself as it passes

35

40

and 'outlet ports 38 and 39 respectively.. These '

‘ports are defined by the portion of the flared "4

flange 160 intermediate two triangular partition
elements 161 adjacent the two ends of the passage
35 ‘of the unit. The ends of the hinges 36.and

37 are welded on or otherwise satisfactorily af-. °

fixed to'the outer edges of the flange 160 and 2

‘partition 161, which define the inlet and: outlet
ports 38 and 38. "The two rectangular stampings
‘143 and. 184 dre in face to face contact with
sponding protuberances {45 are in:exact trans-
verse alienment. It should, however, also' be re-
membered that satisfactory sections can be made
by arranging the transversely opposed protuber-
ances in staggered or other relation one to an-
other. On. the interior-of each. stamping the
inner surface of the hollow semi-spherical pro-
tuberance 145 presents a cavity - 147 which has
an . agitating efféct on the refrigerant as it is

each other ‘and-the oppositely directed corre-

5]
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downwardly thereby increasing:the heat transfer
between the liguid layer and the heat exchange
section. Active turbulence is further induced by
the inherent physical result of the liquid layer
flowing. downwardly ‘over a series of staggeréd
rows of protuberances which are so.arranged that
the space between any two protuberances in.one
row is compbletely blocked by a protuberance: in
an. adjoihing row, whereby the liquid is forced
to follow zigzag courses.in ifs flow. Active tur-
bulence is also aided by a further inherent physi-
cal restlt in a layer of liquid flowing overa sur-.
face, part of which is covered -by protuberances
over ‘which the liquid flows. However, ‘the flow
over the protubera,nc‘es is in & much-thinner layer
tHan the flow over the flat spaces between the
protuberances. Due to the. fact that the adja~
cent rows of protuberances are in staggered rela=
tion, that portion of the liguid layer which fiowed .
through between two adjacent protuberances in
one row will engage & protuberance in the next
adjoining row and therefore part of .it will be

‘diveited toward one or the other side of the pro-

tuberance, thickening' the portion of the liguid
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 a turbulence in the liquid.-

- AS 4 result of the various factors just described,

speedily passed through the flow passage 35 when

‘the sections are in operation. ‘ a
" In the past, heat exchange sections constructed

for comparable use Have been of the type employ-

ing superposed lengths of tubing connected at

its ends by suitable headers to form either par- .

allel or series connections.  Other types of com-

parable heat' exchangers consist of ‘corrugated’

sheet metal stampings placed face to face and

joined by any satisfactory means, such, for ex-.

ample, as welding, in which ‘exchangers the joined
corrugations constitute the liquid: passages and

65

the efficiency of the heat exchange section em-
bodied in this invention is greatly increasad.

~The flow of the heat exchange medium or Te-
frigerant passing through between 'the plates
{43 and 144 is also turbilent due to the effect
upon: the flow .of the medium as it passes over
the cavities 14T which line the walls of the flow
passages: 35, - Such turbulence induced in ths

heat exchange medium or refrigerant will:greatly
increase ‘the efficiency of tlie heat transfer -‘be-
tween the plates 143 and (44 qf ‘the ‘heat ex-
change section C and -the refrigerant passing
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through the liquid
the sections C.

In the construction of g multi-zoned heat ex-
change sections C, several separate individual
units or zones 148 and 148 with only one liquid
passage each are welded together along their ad-
Joining edges in superposed order as shown by
Figuire 14, .Each zone is provided with separate
liquid inlet-connections in the form of a hollow
hinge arm 36 and g separate discharge connec-
tion in the form of a hollow hinge arm 31. 'The
spacing of the horizontal lengths of the flow
bassages 3% in each zone or unit which are com-
bined to form & section. C is such that when two
sections are joined in superposed order, the sepa-
rate adjacent  horizontal elements of the flow
bassages 35 of the adjoining sections are spaced
equal to any two adjacent horizontal elements of
‘a. flow passage in g separate zone or. section.
Such :construction facilitates the fabrication of
multi-zoned sections from single zoned units.

The multiple zoned section is desirable in that
it. shortens the flow of any portion of heat ex-
chahge medium through the sections. A multiple
section is-also easily adapted to the ugse of a plu-
rality of heat éxchange media in that any one or
‘more of the units or zones of the sections can
be supplied with one type of heat exchange me-~
dium while the remaining units of each section
may he supplied with ancther type of heat ex-
change medium depending on the result to be ac..
complised on the liquid being treated.

~“Each top unit or zone in g heat eXchange sec-
tion next adjacent to the distributing chamber H
is provided along its upper edge with a hori-
zontal, longitudinally extending cylindrica] stiff-
ening element 150 which is welded to.the top
edge of the section C with the center line of

passage 35 on-the inside of

2,383,292

‘bulence as it passes downwardly gver the surface ;
of the sections ‘C; . In-the fabrication of each
unit or zone 48. of ‘the heat exchange section C,
it is preferable to use two sheet-metal stampings
143 and 144 provided. with tiers: of rows 146 of
protuberances i45. The stampings are identical
8. as to-constitute the reverse. counterpart of

- each other when-they are assembiled face to face
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in reverse relation as shown by Figures 24 and
25: The stampings 143 and 144 have in sub-
stance the plane of the sheets ' of metal from
which they were stamped, and the peripheral
unstamped marginal edges 189 of the juxtaposi-
tioned plates - are co-planar as shown by Pigure -
23. The sheets are then welded together at their
upper and lower edges along the weld lines 152
and 153 as shown in Figure 23, which weld lines
extend along the edges over to the vertical un-
stamped portion of the end margins, . The.in-
ternal horizontal flow spates 35 of the sections
C are then laid out and their edges sealed by seam
welding the stampings along horizontal lines
154,155 and 156 intermediate the tiers of super-
posed staggered rows 14§ of protuberances 145,
The joining of the correspending ends. of -one
group of- alternate weld lineg including the lines
52 and 153 along their right hand end ag shown
in Figure 23 by line 157, and joining the re-
maining lines at their corresponding opposite end
by weld line 158, as also shown' in Figure 23, de-
fines the flow passage 85. In each instance the

" horizontal weld lines and their joining lines are

the element 158 in a horizontal plane and in -

vertical alignment with the vertical plane of the
section C. By this arrangement the liquid sup-
plied -to the section C from the chamber B
through the double row of perforations 95, which
rows. are on opposed sides of the vertical projec-
tion of the center line of the cylindrical element
159, will be directed against opposite sides of the
element 150, thereby assuring uniform liquid sup-
ply to each side of the section. To secure uni-

form distribution over the sides of section C of ,

the liquid supplied to either side of element 158,
the element is provided with a grained finish as
shown. in Figure 17 in which the grains 181 ex-
tend in a direction crosswise to the path of the
flow of Nquid’ passing downwardly over the sec-
tion. . As the liquid elements contact the counter.

directional grains 15 of the finish one element’

80, their flow 'is hindered tending to cause a
lateral:-dispersion of the liquid. By this proced-
ure a complete uniform distribution throughout
the entire length of element 150 ig obtained be-
fore the liquid which is passed onto the upper
surface of element 150, in small rivulets, passes
off -of the lower portion of element 150 onto the
top portion of the upper zone of the associated
section C. A similar finish with horizontal grains
51 .is provided on the outer surfaces or walls
143 and 144 of the sections C intermediate the
horizontal elements:of the flow bassages 35 as
shown in Figure 18. This also aids in securing
and ‘maintaining more uniform - distribution of
the liquid passing down over the walls 143 and
144, However, after the liquid once - passes onto
the surfaces" provided with the staggered rows
146 of the protuberances 145, it is maintained in
substantially uniform distribution and active tur-
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no closer to the remaining horizontal weld lines
and their joining lines than the width of a tier
of rows 146 of protuberances 145, This arrange-
ment of vertical and horizontal :weld lines de-
fines a zigzag flow passage 35 with its open ends
28 and 39 at the lower and upper left hand cor-
ners of the stampings. s : o

Having the sections 143 and 144" welded to-
gether- along the ‘weld lines referred to- above,
the-vertical edges 159 are then flared outwardly
to become flanges 166 as clearly shown in Figure
26. Triangular web or partition elements: i61
are provided at the ends of the vertical spaces
intermediate the outwardly turned flanges 160
at the ends of the units 148 of the sections C, as
shown in Figure 27, and in the vertical space

ntermediate the flanges 169 at the left end of

the sections € immediately above and below the

inlet 38 .and outlet 39 communicating .with the

zigzag liquid passage 35, as also shown in Figure
27. - Bach unit is then provided at -its inlet and
outlet openings 38 and 39 with inlet and outlet
hollow hinge arms 36 and 371 respectively, which
are welded to .the free edges of flanges 160 at
the lower and upper left hand corners of unit
148 :and also to the free edge of the triangular
partitions 161 defining the entrance 38 to the
liquid ‘passage 35 and communicating therewith.,
End plates 162 with inwardly turned flanges (63 -
are then provided to complete the enclosure. of
the vertical space intermediate the outwardly
turned flanges 160 at either end.of the unit or
zone {48 of sections C and the triangular end
Dartitions 161. Eng plates 162 are fixed to the
flanges 160 by a welding 164 between the flange
163 and the outer free edge of flanges 166, as
shown in Figure 22. : : o
Each unit 149 of sections C is also provided
with & cylindrical, horizontally grained, section
bracing element (50 welded to its top edge as
shown in Figure 14. Bracing element {50 ex-
tends across the section C intermediate the out-
wardly turned flanges 160. The horizontal grain
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lines 151 of element. {50 provide liguid dispersing
means to act:on the liquid supplied to the section
in rivulets: from.chamber H to . uniformly ~ dis-
tribute it-before theliquid :passes downwardly
over: the.section; C. : Similar grain_lines 18f are
provided on the surface of stampings {43 and 144
between the tiers:of rows of: protuberances. . -To
complete the sections, each section:is provided
on its front.end plate 162 near-the upper portion
thereof with a latch catch 128 1o cooperate:with
.8/ positioning latch when the section is-assembled
in a-heat exchange device embodying this inven-

'To-provide the zones.of the multi-zoned. sec-
tions C-with internal. flow:passages 35, the outlet
hinge arms 31 of the.completed mulfi-zoned sec-
tion are each sealed:and the inlet hinge arms 36
are each connected to:a source;of fluid pressure,
such as hydraulic pressure.;.The pressure. is..ad~

justed -until-the:portions of the plates: 143 and-

i 44 intermedigte the weld lines defining the liquid
pagsages 35.have ‘been bulged ‘out to the desired
shape as shown by sectional drawings, Figures 20,
91, 22 and 27, depicting internal. views and: Fig-
ures 19-and 27 depicting the bulged effect: on-the
liquid passage boundary: portions of stampings
{43 and, 144. However, the stampings 143 .and
{44 may be stamped originally. with  the bulged
portions to form the flow passages 35, and in:such
instance : the:hydraulic: pressure: could . be dis-
pensed with, oo s e
In Figure 28:is shown.a modified; formof heat
.exchanger section.C :which differs only from.the
previously -described section by using spacing
elements between :the “stampings. (43 and . {44
along the weld lines which define theliquid pas~
sages 35. . 'The spacing elements: 165 used ‘along
the horizontal weld lines comprise. straight, nar-
row, metallic:strips of a thickness equal to the

desired ‘thickness:of:the heat exchange medium ;4

passages 35. . The::spacing . elements 166 -along
‘the ‘vertical 'weld  lines: defining . liquid..passage
35 are. straight along their outer edges 167 but
are curved along the inner:edges:168 to facilitate
the passage.of liquid .through the liquid- passage
35.. The spacer elements 166.are also of a thick-
ness equal to the desired thicl;neSs of ligquid: pas-
sage 35. The only other:difference in the sections
C shown in Figures 28; 29:and 30-and the previ-
ously. described section is in the final shaping.or
bulging ;. operation . performed 00 the :sections
_which: do not: have the:spacer elements 165 and
166.. In the modified type, a bulging :operation
is not necessary as the passages.35.are open. due
to the thickness of the spacer strips 165 and 166,
Tt 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, and
the entire mechanism incorporates many essen-
tisl sanitary features-to make it satisfactory. for
such: purpose.. Iowever, the heat exchanger. is
also-well adapted for use in the heating or cool-
ing-of liquids which .do: not ' necessarily :require
sanitary handling but in:which heating or-cool-

ing operationit is desired to use.a compact highly.

-eficient heat exchanger.The improved unit is
simple and unique in construction, in which con-
struction various novel- features are resorted to,
as well as novel methods of fabricating respective

_elements of the device.. The plurality of heat

exchange sections provided with staggered pro-
tuberances on their outer surfaces assures turbu-
lent flow and uniform distribution over the outer
walls of the sections resulting in an

increased
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efficiency. and. desired. uniformity. .of heat - ex~
change rate over-the entire section. The.uniquely
finished, cylindrical stiffening element affixed fo
the upper.portion of each section, which element
is substantially devoid of heat exchange relation
with the heat exchange medium passing through
the interior of the section; also tends to brace
the section longitudinally as well as receive the
liquid from the distributing chamber ‘and dis-
tribute it over the section, all of which features,
combined with the. protuberances. on the section
surfaces, assure uniform distribution of the liquid
‘over the surface of the heat exchange: section.
The cylindrical bracing element at the top of.the

‘heat exchange. section being substantially devoid

of 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
aceumulation, if it took place, would prevent the
of the heat- exchanger.
Each of the heat exchange sections is-alse pro-
vided at both. of its ends with & transverse brac-
ing element or end plate affixed to the outwardly
flared . ends of ‘the stampings constituting: the
walls of the heat exchange ‘section: The’ out-
wardly flared ends of the ‘stampings, as well as
“the end plates or bracing members, are united in
sealed relation one to-another and are substan-..
iglly devoid of heat exchange relation with the: .
heat exchange medium passing through the liquid
flow passages of the respective sections. | Being
trius substantialiy” devoid of heat exchange rela-
tion, there will not be a tendency of crystalliza-
tion of spattered liquid to form-on the outer.sur-
faces of the outwardly flared flanges at the ends

.of the sections or on the bracing end plates,

thereby aiding in- the satisfactory operation of
the machine. However, the transverse bhracing
end plates of the respective sections will contact
the edges of the adjacent bracing -end plates of
adjacent sections when the plurality of swing-
ably mounted sections are placed in ‘clese. side
by side relation within the cabinet, for operative
position. - This assures the desired spacing - of
the sections relative to one another and .also
forms a substantial enclosure of the spacing. be-
tween the outer surfaces of adjacent sections
through which' the liguid. being. treated: flows
downwardly over the section : to  the collecting
chamber for treated:liquid.. Such a substantial

enclosure tends: to preven‘c;conta;mination of the

liquid by foreign matter which may otherwise
enter into the space between the sections. - A
further advantage of the use of the transverse .
end plate- bracing elements at-the ends of the
heat exchange sections adjacent the hinged ele-
and refrigerant medium connections,
consists of. the substantial enclosure or wall com-
prised of adjacent .abufting end pieces of ad-
jacent heat exchange sections immediately ahead
of the swiveled hinges, whereby the possible
spattering of the. liquid flowing ‘down .over the:
outer surfaces of the sections onto the hinged el-
ements is- prevented, as -well as the prevention

of foreign material entering-into the liquid treat-

ing spaces intermediate adjacent sections from
the space adjacent the swiveled ends of the sec~
tions. .

‘14 is also important to again refer to the unique
construction of the treated liquid collecting cham-
ber which during the operation of the machine
occupies a position immediately: below the heat
‘exchange sections to collect the liquid flowing
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‘over: the outer surface of.the sections.  These
unique collecting chambers are formed integral
‘with.the closure ¢abinet at the lower. extremity
" 7of the wall and end panels, and the bottom plate
of  the collecting .chamber also constitutes the
bottom plate of the closure. .cabinet, Being

formed integral with the ‘closure cabinet, it is of -

-Gourse nhecessary to discontinue the operation of
“the machine before the cabinet can be opened,
and it is also necessary to close the cabinet be-
-fore the operation thereof can be commenced,
By virtue ‘of this unique construction and the
-necessary procedure before commencing or dis-
centinuing the operation of the machine, it is of
course apparent that & closure has been provided
for the heat exchange device which assures its
.complete enclosure while it'is in operation.
-~ It is of course also apparent that g further
“unique feature of construction involves the in-
corporation. of the refrigerant circulating sys-
fem. within the same cabinet which houses the
heat exchange device. The relative capacity of
the refrigerant storage chamber with respect to
‘the capacity of the refrigerant evaporating pas-
sages in the heat exchange section, together with
the use of a Dositive-acting ‘large capacity re-
frigerant cireulating pump, assures the prompt
and. desirable control: cf the refrigerating ef-
:fect' obtainable in thig heat. exchange device.,
The efficiency of the heat exchange sections as
an evaporator is of course greatly enhanced by
the use of heat exchange sections in which the
flow spaces are lined with outwardly extending
“hollow semi-~spherical protuberances, which pro-
vide cavities on the inner surface of the stamp-
ings "defining the flow spaces between welded
lines joining the stampings. The cavities in-
crease turbulence in the refrigerating medium
as 1t is speedily passed over the cavities: sur-
rounding the heat exchange medium passages.

' It is also common in the operation of heat ex-
change devices from time to time to obgerve
defects which have developed in one or more of
the plurality of heat exchange sections. The

unique . construction of the bresent invention

which enables the removal of the individual heat
exchange sections without disturbing the pivot
element and hinged liquid supply and return
connections, which are associated with the re-
Spective sections, is a further particular advan-
tage of this invention. A% times when all the
sections are not in the machine the use of blank
end. plates affixed to the normally  operative
swiveled liquid supply and return connections,
enables the provision of g substantial enclosure
- for the compartment in which the liquid is being
treated as divided from the compartment hous-
ing the swiveled liquid-supply and return connec-
tions for the refrigerant medium. These blank
end plates, though swingably mounted, will, how-
ever, not interfere with the. lateral movement
of the heat exchange sections. .
Various changes in materials -and detail ar-
rangements 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
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the art, and yet come within.the scope of the
invention as set forth in-the appended claims.. .
The invention is hereby claimed-as follows:

- L.In a'heat exchanger for liquids, a base, a plu-

rality of heat exchange sections-mounteq at:one
end upon said base and extending: outwardly

therefrom, a standarg adjacent the free ends of

one of said sections, & tie beam fixed intermediate
said base and said standard, a sectional cabinet-
like closure for said heat exchange sections, meang
for supplying liquid to be treated to said heat ex-
change sections, and means formed- integrally

with the sections of said cahinet-like closure for -

collecting treated liquid, .said collecting ‘means
being 0. constructed: and arranged as to:rest at
its lower edge upon said tie beam when the sec-
tions of the cabinet-like closure are in operative
Position enclosing said heat exchange sections,

2. In a device of the class described, heat ex-

‘change means mounted on g support, liquid sup-

ply means mounted above- said. heat exchange

‘means, a sectional closurglfovr said:device having

an inwardly extending, upwardly .opening cham-
ber-like compartment, formed integrally with the
lower portion of each section, and outwardly ex-
tending flanges carried by the free edges of the
sections of said closure to cooperate  one with
another in' overlapping relation when the sec-
tions of the closure are brought together, whereby

‘the device is completely enclosed, said closure be-

ing substantially braced by its overlapping flanges

-and a collecting chamber being formed below said |

heat exchange meang Wwhen said closure sections
are brought together. :

.- 3. A heat exchange device of the class described
comprising the combination of a plurality of heat,
exchange .sections hinged to.a support at corre-

sponding ends to swing laterally relative to one -
-another from operative position in which they

stand close toge'ther side: by side to positiong in
which they are freely accessible for cleaning,
means for supplying a heat exchange medium to
the several sections and operable to permit. said
swinging movement of said sections, a :sectional

Gabinet-like closure for sald: device, and end
plates formed on the hinged ‘ends of said sec- U
‘tions and out of heat exchange relation with the

heat exchange medium ' supplied to. saig sections

-and adapted to cooperate one with another and
“With the cabinet-like closure to form a. substan-

tial partition between -said sections and said

means. for supplying heat exchange medium to

said sections. - e o Lo
4. A heat exchange device according to elaim 3,

‘Wherein the means for supplying heat exchange

medium to the several sections are swiveled hol-

low hinges, some of which are sealed at their outer
-ends, and unported. end blates: sealed ‘to _said

hinges which are sealed at their outer ends, said
end plates. being of the same size .as the ends of

said sections, whereby the: substantial partition -

intermediate said sections and said hinges is

‘formed when said unported end plates and com-
-blementary plates on said  sections are. Divoted
into'side by side relation. . i
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