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This invention relates to heat exchange ap-
paratus and more particularly to heat exchange
apparatus of the counter flow type and having
& plurality of chambers designed to cause liquid

to flow in relatively thin layers on opposite sides

of relatively thin heat conductive plates and
which is especially adapted for the pasteuriza-
tion of milk.

It is an object of my invention to provide a
new and improved. heat exchanger, which may
be readily assembled and disassembled so that
the component parts may be easily cleaned.

It is also an object of my invention to provide
a- readily assembled and disassembled heat ex-
changer which is efficient in operation, rugged
in construction, and economical of manufacture.

It -is still another object of my invention to
provide a new and improved heat exchanger as-
sembled from standardized parts so that a heat
exchanger of any desired capaclty can be formed
readily. :

Further obJects and advantages of my inven—
tion will become apparent as the following de-
seription proceeds, and the features of novelty
which characterize my invention will be pointed
out with barticularity in the claims annexed to
and forming a part of this specification.

For a better understanding of my:invention,
reference may be had to the accompanying draw-
ings in which Fig.-1 is a view in perspective of
8 heat exchanger embodying the principles of
my invention; Fig. 2 is & plan view of a portion
.of the heat exchanger shown in Fig. 1 faken in
the direction of the arrows 2—2 in Fig. 1 and
illustrating the location of the intercommuni-
cating ports; Fig. 3 is an enlarged sectional view
of a portion of the heat exchanger shown in Fig.
1 taken along the line 3—3 of Fig 2; Fig, 4 is
a8 cross sectional view of the heat exchanger
shown in Figs. 1 to 3, inclusive, taken along the
line 4—4 of Fig. 2; Fig. 5 is a perspective view
of a portion of one of the -annular plates or
disks shown in Figs. 1 to 4, inclusive, illustrating
the sealing or gasket means associated with the
plates; Fig. 6 is & cross sectional view, similar
" to the view shown in Fig. 4, of a modification of
my . invention; Fig. 7 is a cross sectional view
of a modifiéd form of my invention; and Fig. 8
is a perspective view similar to Fig. 5 showing
g modified arrangement of sealing means.

I have provided a heat exchanger comprising
a plurality of disks or members in spaced-apart
relationship. In the drawings there is illustrated
a heat exchanger I8 comprising ten such disks
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.als 11 to 29, inclusive.

The annular disks are
preferably formed of relatively .thin heat con-
ductive material, as sheet metal, so that heat
may be readily conducted therethrough to the
opposite sides thereof. The relative rigidity ot
sheet metal is also advantageous in this type of
apparatus. Spacing means in-the form of an-
nular gaskets disposed adjacent each edge of
the disk, as indicated by the numerals 21 and
22, are provided. Thus, the gaskets 21 and 22
in coaperation with the respective plates define

" adjacent, single and annular fluid conveying
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or plates, the disks being indicated by the numer-' §5

‘tight chambers or channels.

chambers or channels 23 to 31, inclusive. The
inner and outer circumferences of the chambers
or channels defined by the sealing or spdcing
means have relatively- large' radii of “approxi-
mately the same order .of magnitude so that the
flat conducting chambers or channels between
each pair of members are relatively narrow and
of substantial length. " In order to improve the
heat exchange, it is deésirable that the fluid to
be cooled or to be heated, as milk for example,
fldow in thin streams. Therefore, the spacing

‘members or gaskets 2 and 22 are dimensioned

to provide relanvely ﬂat thin chambers or chan-
nels,

I have provided ‘means for provldmg fluid-
C In the form of my
invention shown in the drawings, this means
utilizes gaskets 21 and 22. Thus, the gasKets 21

-and 22 may be formed from a sealing material,

such as rubber for example, which is sufficiently
rigid to provide the necessary spacing between
the plate or disk and yet sufficiently soft and
resilient to effectively seal the space between
the gaskets and the disks. Hollow gaskets may
be used, if desired. If preferred, the aforemen-
tioned spacing means may take the form of me-
tallic ribs, for example, and the sealing means-
might then take the form of rubber gaskets
disposed circumferentially of the disks.  Another
alternative would be the use of reinforced rub-
ber gaskets, as for example, by incorporating a
wire as a core in a rubber gasket. If desired,
instead of using a single gasket between mem-
bers and affixed to one member, a pair of co-
operating gaskets may be used, one on each of
the adjacent plates.

In order to increase the strength of the heat
exchanger, I have provided means for stiffening
the disks or members I to 20, inclusive. In the
embodiment of my invention shown in Figs. 1
to 5, inclusive, this is accomplished by providing
comcal or dish-shaped disks, as by a punchlng

.operation for example, each disk having an an-




-nular flange along each marginal edge, the
flanges being ‘disposed in parallel relationship
thereby ‘providing surfaces which .are especially
adapted to cooperate with the sealing or spacing
‘means or-both. ‘It will be -appreciated :that the 5
flanges, being disposed at an angle to the main
‘portion of the disk will also serve.to.add strength
-and .rigidity ‘to, the disk. In the arrangement
shown isk ¥ 'n"ugated or
s-shaped: the .ongitudma direction”for ‘the
afore-mentioned purpose, as indicated by __the‘
numeral 48

thls mea.ns takes the form
members 32 and 33 engaging the stack at the
outer edge thereof and-a second:pair jof annular
members 34 and 35 engaging the stack at the

‘inner edge t.hereof suit'able fa.stening means as gg
-bei

example .‘a cooling fluid: as wa.ter may be em-~
loyed;to- .cool .down heated milk. -I have .ar-
.»Tanged :my ‘heat -exchanger so that the flulds
. flowiin alternate layers or-channels through the
~+:stack 50 that milk, for example, will flow through
& -channel extending between two -steam or -hot
water passages or channels. To this ‘end, the
; disks 1§ ‘to 20, inclusive, .are arranged  in such
.8 way that when:assembled there are provided
" two -sets ‘of -serially-connected “fluid ‘conveying
channels, s channel from-either set ‘being dis-
posed between channels of the other set. ‘In-or-
‘der to Increase ‘the -efficiency of the  arrange-
ment, the disks are so disposed that the fluids flow
in ‘counter flow whereby the effective mean tem-
perature difference between ‘the flowing streams
is increased inasmuch-as the temperature between 50
-adjacent streams is more uniform:than if both
-streams flowed -in the same  direction on. both
sidesof the'plates, -

In order to accomplish these results, I have
:provided two “circumferentially spaced-apart
ports 37 and 38 in-each disk, the ports extend-
ing -transversely -of the disk, -that is, radially.
There ‘are ‘provided transversely extending gas-
kets or:sealing members 39 and 40 extending
between the circumferential ‘sealing members or
gaskets ‘21 and 22 on -each side of -one of ‘the
ports,-as” 31 for example, thereby isolating the
port-31 from the passage or channel associated
with that .particular .disk -or plate. This ar-
rangement is best seeénin Fig. 5.

" In assembling my heat exchanger, the plates
are stacked up one above another with the. iso-
lated: or walled port 37 in registry or alisnment
with the non-isolated port 38 in the next ad-
jacent-disk. In other words, each disk is dis-
placed in a circumferential direction, as coun-
terclockwise in' the drawings, the distance be-
tween ports ‘with respect to the adjacent disk,
one part in.each disk being .aligned. Thus, the
isolated or walled port 37 of plate 14, for exam- 75
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‘ple, corresponds or is aligned with the non-iso-
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lated port 38 of disk :I8. ‘Thus the fluld flowing
through chamber 28 will flow through the slot
37 not into the chamber 268 but on through the
slot 38 in plate 15 into the chamber 21. In

‘other words, the isolated ports serve to provide

through passage through the plate in which the

. dsolated port is located and the sealing members
‘or gasket 38 and 40 serve as end walls for the

associated chamber or.channel,
By making all of the disks identical or dupli-
cate, it is very simple to assemble any number

‘of disks in a stack. Thus, a very simple means

is provided for varying the capacity of the heat
exchanger. Since the ports are located in the

‘same position in each disk, the proper location

of ports in successive plates is obtained merely
by rotating each successive plate or disk with
respect to the previous disk,

In order to conduct fluids to and from the
heat exchanger, there is provided a suitable in
let conduit 41 and an-outlet conduit 42 for one

fluld and an intake conduit ‘43 and an outlet

conduit ‘44 for the second fluld. The conduits
41 to 44,.inclusive, may be sultably fasteneq in
cooperation with the slots in the top and bote
tom plates or disks I{ and 20, respectively, in
any suitable manner, as by welding as indi-
cated by the numeral 48, for example.

In operation, in a.milk pasteurizer, for exams- -

ple, the milk to -be pasteurized will ~»enter"th'e

exchanger through the ‘inléet conduit 41,

through plates 20 and {9 into:the chamber 30
thence around the chamber 30 to the right or
in ‘a counter clockwise direction, downwardly
through plates 18-and 17 into chamber 28 and

- 80 on until finally the milk will flow from cham-

ber 24 downwardly through plates 12 and § { into
outlet conduit 42. The heating medium, as
steam for example, wil] enter the heat exchanget
through the inlet conduit 43 and pass to the left
or in a clockwise direction through the cham-
ber 23, upwardly through the aligned port in
plates 12 and 13 into chamber 25 and so onh until
finally the heating medium will pass out of the
heat exchanger from chamber 31 and conduit 44.

In order to prevent regions of stagnant flow
in: corners near the inlet and:outlet ports and

" eonduits or ducts, the ports and condujts are

made substantxally as wide as the channels 'them-
selves, and if desired, the gaskets or separat-
ing means 21, 22, 39 and 40 may be shaped so
that there are no.sharp corners. The condults
4 to 42, inclusive, may be in the form of flat
tubes but in the illustrated form of my . inven-
tion, I have shown round conduits flattened out
inthe vicinity of the heat exchanger,

“The aforementioned heat exchanger is ad-
vantageous because the fluid conveying chambers
or channels are provided with smooth surfaces
thereby rendering the heat exchanger -easy to
clean. Furthermore, by providing narrow chan-
nels, it is unnecessary to provide ribs or the like
to direct the streams of fluid through the ex-
changer and therefore there is nothing in the
arrangement to cause the separation of cream
and skimmed milk, nor are there any ribs or
corrugations to accumulate -casein deposits,
Further, since the fluid paths curve gradually
at all times, there is inherently a moderate tur-
bulence of the flowing fiuid which helps to main-
tain a uniform velocity over the cross-section of
the milk stream and a uniform turbulence which
results in improved heat transfer characteristics
but no great increase in resistance to flow,
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In Fig. 7, there is llustrated an alternative se-
curing means for maintaining the stacked heat
exchangers in assembled relation which permits
unusually rapid assembly or disassembly. I em-
ploy a plurality of rings or annular members 32’
and 33’ engaging the outer edges and members
34’ and 35’ engaging the inner edges of the an-
nular stacks in the same manner as rings 32 to
35 inclusive in the arrangement illustrated in Fig.

.1, Rings 32’ and 34’ are maintained in the stack
engaging positions by means of a spider 47 com-
prising a plurality of legs engaging the rings and
having & central boss 48 provided with an axially
extending bore. Similarly, rings 33’ and 35’ are
maintained in the desired positions by a spider 49
having a boss 50 centrally arranged and having

an axial opening therethrough in alignment with -

the axial opening in boss 48. The assembly
is maintained in the assembled condition by a
suitable fastening means as a bolt 51 extending
through the aligned bores and the central por-
tion of the stack and a wing nut 52.

In Fig. 8, there is illustrated an alternative.

means for isolating the transfer port 37 and seal-
ing the fluid conveying chambers associated with
the non-isolated port 38. Instead of providing
complete annular seals 21 and 22, as shown in Fig.
5, and transverse gaskets 39 and 40 for defining
fluid conveying chambers, I have provided sub-
stantially annular members 21’ and 22’ joined at
the ends thereof by transverse portions 53 and
54. The port 37 is isolated by sealing means 55
extending entirely around the port. This ar-
rangement provides passages 56 and §7 communi-
cating between each pair of disks or members
and the atmosphere for conducting any leakage
past the gaskets or seals out of the exchanger.

While I have illustrated a horizontally ar-
ranged heat exchanger, the assembly may be
disposed in any desired position, horizontally or
otherwise. :
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While I have shown a particular embodiment of

my invention, I do not desire my invention to be

limited to the particular construction shown and .

described and I intend in the appended claims
to cover all modifications within the spirit and
scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A heat exchanger comprising a plurality of

conically-shaped, duplicate annular disks ar--

ranged in nested relationship, each of said disks
having an annular flange adjacent each marginal
edge thereof, each of said disks having means ad-
jacent each marginal edge and cooperating with
the adjacent disk for spacing apart said disks in
order to provide a relatively flat, narrow fluid
conducting channel, means for rendering said
channels fluid-tight, means for maintaining said
disks in assembled relationship, each of said disks
having a pair of spaced apart ports, said disks
being assembled so that each disk is displaced in
a circumferential direction the distance between
said ports with respect to the adjacent disks, a
port in each disk being aligned with a port in the
adjacent disk, sealing means disposed about one
of said ports for isolating said one_of said ports,
the isolated port in one disk being aligned with
the non-isolated port in the adjacent disk where-
by two sets of series connected-fluid conveying
channels are provided, a channel from either set
being disposed between channels of the other set
so that two fluids may be conducted through said
heat exchanger in counter-flow, :
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2. A heat exchanger comprising a plurality of
duplicate annular members arranged in nested
relationship, each of said members having an an-
nular flange adjacent each marginal edge thereof,
each of said members having means adjacent
each marginal edge and co-operating with the
adjacent member for spacing apart said members
in order to provide a relatively thin and narrow
fluid conducting channel, means for rendering
said channel fluid-tight, means for maintaining
said members in assembled relationship, each of
said members having a pair of spaced apart ports,
said members being assembled so that each mem-~
ber is displaced in a circumferential direction
the distance between said ports with respect to
the adjacent members, a port in each member
being aligned with a port in the adjacent mem-
ber, sealing means disposed about one of said
ports for isolating said one of said ports, the iso-
lated port in one member being aligned with the
non-isolated port in the adjacent member where-
by two sets of scries-connected fuid conveying
channels are provided, a channel from either set
being disposed between channels of the other set
so that two fluids may be conducted through said
heat exchanger in counter-flow.

3. A heat exchanger comprising a plurality of
duplicate annular members of substantial radius,
the inner and outer circumferential edges thereof
having relatively large radii of approximately the
same order of magnitudeé, means for defining a
single, annular, relatively thin and narrow fluid
conducting chamber between each pair of adja-
cent members of substantially uniform width,
said means spacing apart said members and also
rendering fluid-tight said chambers, each of said
members having two circumferentially spaced-
apart ports, sealing means for isolating one of
said ports, said members being assembled so that
each member is displaced in-a circumferential
direction the distance between said ports with
respect to the adjacent members whereby said
isolated port is aligned with the non-isolated -
port in one of the adjacent members. )

4. A heat exchanger comprising a plurality of
dyplicate annular members of S-shaped cross
section and arranged in nested relationship, each
of said members having an annular flange adja-
cent each marginal edge thereof, each of said
members having means adjacent each marginal
edge and cooperating with the adjacent member
for spacing apart said members.in order to pro~
vide a relatively narrow fluid-conducting channel,
means for rendering said channels fluid-tight,
means for maintaining said members in assembled
relationship, each of said members having s pairof
spaced apart ports, said members being assem-
bled so that each member is displaced in a cir-
cumferential direction the distance between said
ports with respect to the adjacent members, a
port in each member being aligned with a port-
in the adjacent member, sealing means disposed
about one of said ports for isolating said one of
sald ports, the isolated port in one member being
aligned with the non-isolated port in the adja-
cent member whereby two sets of series connected
fluid conveying channels are provided, a channe}
from either set being disposed between channels .
of the other set so that two fluids may be con-
ducted through said heat exchanger in counter-
flow. '

ROLLIN H, NORRIS.




