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UNETED STATES ?ATENT OFFICE

P 314 266 N
PLATE HEAT EXCHAN GER
William Astle C}ncago 1L,

- Original apoplication M&rch 29, 1837, Serial N@
133,621. Divided and this apphca,tmn August |
23, 1940 Serial No 353,967 | -

g Cla,lms

My invention relates to plate heat exchangers.

This application is a division of my co-pending
application Serial No. 133,621, filed March 29,
1937, which became Patent No 2,248 93.:, issued
July 15, 1941.

An object of my invention is to promde a plate
heat exchanger in which the plates are provided
with corrugations formed in general transversely
to the direction of flow, with the corrugations of
one plate extending at an angle to the corruga-
tions of the adjacent plate, whereby the fluid
velocity varies from point to point and whereby
turbulent action of the fluid results, bringing
substantially all of the fluid particles into con-

tinuously repeated contact with the heat ex-

change surface, resulting in high heat exchange
values at low operating pressures.

A further object of my invention is to prowde
a plate heat exchanger having an improved port
and gasket construction which lends jtself readﬂy
to the building up of different flow circuits.

A further object of my invention is to prowde
all improved plate heat exchanger in which the
plates are readily accessible for cleaning. . -

Further objects and advantages of the inven-

tion will be apparent from the descrip_tion and
claims.

In the drawings, in which several embodlments
of my invention are shown,

Figure 1 is a front elevational view of a plate
heat exchanger embodying my invention:

Fig. 2 is a side elevatlonal view of the construc-

tion of Fig. 1:

Fig. 3 is a horizontal sectional view substan-

tially on the line 3—3 of Fig. 2: the section line
of the regenerative plates being substantially the
same ag the line 15—1{5 of Fig. 11,

Fig. 4 is a plan view of a sheet metal heat tr ans-
fer plate:

¥Fig. 5 is a somewhat diagrammatic perSpectwe
view showing two of the heat transfer pla,tes and
a gasket construction used therewith:

Fig. 6 is a section substantially on the ]me 6—-6
of Fig. 4;

Fig. 7 is a section on the line T—17T of Fig. 4;

Flig, 8 is g side elevatwnal view on the line 8—8
of Fig. 4:

Big. 9 is a sectional View on the line 9—8 of
Fig. 4;

Fig, 10 is a diagrammatic secticnal view of a

plate construction showing the interplate flow on
the line I0—I10 of Fig. 4:

Fig. 10a is a diagrammatic sectional 'view on

the line I6a—1 98¢ of Fig. 4:

5
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Fig. 10b is a dlagrammatlc sectmn&l view on

the line 10b—[0b of Fig. 4:

Fig., 11 is a plan view of a heat transfer pla,te
having provisions on both sides for holding gas-
kets against movement along a face of the plate;

Fig. 1la is a plan view of a corner portion of &

plain heat transfer plate Which cooperates wzth
the plate of Fig, 11;

Fig, 110 is a plan view of pmtmns of the gas— |
kets used on the front and rear faces of the gas-
ket plate of Fig. 11: | |
- Fig, 1le¢ is a dlagrammatlc view showing the
outline of the heat transfer plates- and center
lines of the cooperating gaskets:

g, 12 is a sectmn on the line 12—12 of Figs.
1l1andlla: |

Fig. 13 is g sectm-n on the 11ne 13-—13 of Flgs.

1landlla;-

Fig. 14 is a sectum on the 1me l-@-—M of F1gsf.-

11 and 1la:

- Fig. 15 is a section on the llne lE—-—-Hi of F1gs._
11and 11a;

Fig. 16 ig a sectlon on the lme IG——-IG of Flgs._
11 and 11¢;

Fig, 17 is a sectlon on the line-
11 and 11a:

Pig,. 18 is a section on the llnn

I 'l——i 'I of Flgs-.

lﬂ-—! 8 Gf Flgs.

11 and 11a;

Fig, 19 is g plan view showmg portlons of two
superposed corrugated heat transfer plates;

Fig. 20 is a section on the line 831—37—27 of
Fig, 19: |
- Hig, 21 is g sectlon on the line '*?——38-—37 of
Fig, 19:
Fig. 22 is a qectmn on. the llne 37—.,.3—37 of
Fig. 19 |

140

45

60

- Pig. 23 1s & sectwnal V1ew ubstantlally on the |
line 40—A40 of Pig, 19: and

Pig. 24 is a snctmn substantlally cn the line

A1—41 of Fig. 19.

The particular cdnstructmn disclosed as illus-

'tratwe of my invention is an apparatus including

a regenerative circuit in which raw milk first re-
ceives heat from warm milk from g holder, or

the like, the raw milk. being thereafter heated to

a still higher temperature by heat supplied from
hot water, or the like, and the warm milk from
the holder being thereafter further cooled jo)Y
transierring heat to a cooling fluid, such as am-
monia or the like. The construction shown for
this purpose comprises a set | of regenerative
plates providing thin substantially rectangular

- flow spaces between adjacent plates for the pas-

53

sage of the raw milk and of the pasteurized milk,
a, set 2 of heating plates providing thin substan-




2/
tially rectangular flow spaces for the raw warm
milk and the heating fluid, such as hot water, a
set 3 of heat transfer plates providing thin sub-
stantiailly rectangular flow passages for the pas-
teurized miik from the regenerator and for the
cooling fluid, such as ammonia, and suitable ter-
minal plates 4 and passages for controlling the
flow of the various fluids to and from qiff
sots of heat transfer plates. The entire group of
heat transfer plates and terminal plates may e
clamped together to effect fluid-tight connections
by means of two clamping heads § and 6 which
may be drawn together to
action by means of a pair of clamping rods 1 eX-

tending through the heat exchange plates and 13

terminal plates and through the clamping heads.

The assembly of plates and clamping heads may

be mounted on a suitable support 8, one of the
clamping heads 5 being stationary with respect
to the support and the other 6 being slidably
mounted thereon to facilitate:the clamping and
unclamping of the plates-and the separation of
the plates from each other for ‘cleaning, etc.

As indicated above, in the particular appara-
tus disclosed, there are four different fluids being
‘handled: the raw milk which is to be heated; the
pasteurized milk which is to be cooled; the heat-
ing fluid, such as hot water for further heatmg

effect the clamping

erent

10
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26 at the left-hand 51de of the set of heating
plates.

Suitable conduits 2T and 28 (Figs. 1 and 2) are
provided for the entrance and discharge of am-
monia with respect to the cooling plates. The
conduits connected with the movable terminal

plates may be made flexible so that these termi-

nal plates can be shifted without disconnecting
them from their supply and discharge conduits.
The conduits 2T and 28 for the entrance and dis-
charge of ammonia may be connected with suit-
able headers 28a¢ and 28b in communication with

~ the pipes 28¢ and 28d, respectively.

20

the raw milk after it has passed through the re- -

generative plates; and the cooling fluid: such as
ammonia or the like for further cooling the pas-

teurized milk after it has passed through the re-

generative plates. Tn the-apparatus shown, raw
milk enters the regenerative set { at the left side,
as viewed in Fig. 3; flows through three parallel
interplate flow spaces 9 to the right-hand side of

30

35

the regenerative plate: thence from the right- -

hand side of the regenerative set to the left-hand
- side of the regenerative set through- three other
parallel interplate flow spaces 18, and thence: from
the left-hand side to the right-hand side of the
regenerative set through three other parallel in-
terplate flow spaces 11; thence from the regener-
ative set to an outlet passage 2 in the ferminal
plate 4a; thence (usually through a pump) to a
passage 13 in the left-hand side In the terminal
plate 4a; thence from left to right through two
parallel interplate flow spaces {4, from right to
Jeft through two parallel mtelﬂow spaces 5, and
again from left to right through two pa,rallﬂl in-
terplate flow spaces I8 in-the heating plate set
and from this heating plate set through suitable
passages 17T to the pasteurizer.

~ The pasteurized milk is supplied to 3 paqsage
in the right-hand side of the terminal plate, as
viewed in .Fig. 3, from which it flows through
the regenerative set of plates, first from right to
left through three parallel interflow spaces {8;
then from left to right through three parallsl

interflow spaces (9, and again from right to left

through three parallel interplate flow spaces 29;
thence through a passage 21 at the left-hand
side of the terminal plate, and thenee from leit
to right in parallel through the interplate fiow
~ spnaces 22, and thence through the discharge pas-
sage 23 leading through the front clamping head.
The heating liquid, such as hot water for the
heating set of plates 2, may be supplied to the

interplate flow spaces 24 of the heating plates .

from g supply conduit 25 on the right-hand side
of the set of plates, flowing {rom right to left
in parallel through the interplate flow spaces 24
to the left-hand side of the set of heating plates

40
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- Plate and gasket constructions

The coustruction of the plates used 1for the
above described regenerative system is different

in some respects from the construction used for

the heating plate system and also from the con-
struction used for the cooling plate system. The
construction of the plates for the regenerative
set will first be described.

In-the construetion shown, the plates 23 (“‘1gs
3, 4, and 5) -used in the regenerative set may be
made from similar sheet metal blanks, the port

and gasket arrangement, however, being changed

to suit requirements for effecting the desired flow
circuit arrangements. These plates are in gen-
eral rectangular in form and are provided with
plate gasket constructions which in general out-
line the extent of the broad, thin flow passages
between adjacent plates, and the plates are also

provided with port gasket constructions, the port

gasket constructions serving in general when pro-
vided to prevent a certain fluid from entering
the space between two adjacent plates with re-
spect to which space it is desired to meaintvain a
ﬂU.ld separation. -

‘Referring to Figs. 4 and 5, it will be noted that
the plate show*l is prowded with four embossed
portions 39 of a general oval formation and with
four embossed portions 31 which in general are
in the form of a half oval. Any desired cnes of
these eight embossed portions may be punched
out to provide port openings as desired and any
desired ones of them may also be provided with
a, port gasket groove surrounding the port to ef-
fect a sealing engagement with an opposing em-
bossment on an adjoining plate to prevent fluid
which may be flowing through the porits from
escaping into the space between the adjacent

plates. The upper faces of all eight of the bosses
~lie in the same general plane.

The main central portion of the plate 15 pro-
vided with corrugations 32, the purpose and de-
tails of construction of which will be described
hereinafter. The plate is also suitably embossed
or pressed to provide retaining means for por-
tions of the plate gasket construction, as indi-
cated at 33, 34, 25, and 36.

In. general 1t will be noted that the honzon-
tally extending pair of oval embossments 39 is
located -at one end of the plate, and the pair of
vertically extending oval embossments 30 is lo-
cated at the other end of the plate. It will also
be noted that one of the horizontally extending
oval embossments 38 is above the corrugated por-
tion of the plate, and the other horizontally
extending oval embossment 38 is below the cor-
rugation of the plate, and the two vertically ex-
tending oval port embossments 30 are located
laterally beyond the end of the corrugated por-
tion of the plate. |

- Similarly, with respect to the two pairs of semi-

and from thence to the hot water outlet passage 75 ova,l embossments 31, one of the horizontally
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extending- palr is above the .corrugated portion
cf the plate and the other is helow the corru-
gated portion of the plate, while the two verti-
cally extending semi-oval embossments are lo-
cated laterally beyond the end of the corrugated
portion of the plate.

In general, the flow over the corrugated por-

tion of the plate is between a pair of horizon-
tally extending ports and a pair of vertically ex-
tending ports. Either pair may be used as the
ports of entry and the other pair may be used
as the ports of discharge. If, for example, two
oval horizontally extending ports in one of the
plates are used as the ports of entry, and two
vertically extending oval ports in the adjacent
juxtaposed plate are used as the ports of dis-
charge, the fluid entering both at the top and
- bottom of the interplate space through the en-
try ports will distribute itself over the adjacent
corrugated plate portion, which in general lies
in a vertica! plane, and will flow laterally along
this corrugated surface without any substantial
rise or fall as it flows and will leave the inter-
plate space through the upper and lowel verti-
cally extending discharge ports.

In building up a nest or set of regenerative
plates shown in Fig. 10, alternate plates are re-
versed end for end so that a pair of oval port
bosses 30 will be juxtaposed with respect to a
pair of semi-oval port bosses 31 so that a gasket
surrcunding the oval port will rest snugly in
fluid-tight engagement with the adjacent portion
of a semi-oval port boss. Thus the oval gasket
will prevent fluid flowing through the ports in
the adjacent plates from entermg the space bhe-
tween the adjacent plates.

-The construction of the plates being Cross cor-
rugated, the fluid flowing over its surface is in
the form of a wide thin film which is caused to
flow in g plurality of converging streams of vary-
ing velocity at low cumulative pressure. |

The coirrugations 22 are pitched at such an
angle that the tops of the corrugations in alter-
nate plates cross and rest against each other
at predetermined distances to properly support
the plates against any diaphragmatic action and
to create high velocities of the fluids, which vary
from the maximum at the point of contact to a
minimum at the center between any two pomts
Of contact., |

This varying velocity fluid is also caused to
receive turbulent action as it rapidly passes over
the heat exchange surface in the troughs of the
corrugations. These varying actions of the fiuid

result in the continuously repeated contact of all

particles of the fluid with the surface of the heat
exchange material and cause high heat exchanﬂ'e
values at low operating pressures.

Alternate plates have the angle of the corru-

gations . rising from left to right and rlght to. left
to cause these conditions. |

The flow passages are so located as to crea,te
lateral flow to and from the troughs of the cor-

10

loosening and separating the plates.

3

can be drained and .vented completely without
As shown
in - Figs. 4 and 5, the positioning of the bosses
30 and 31 is such that a plate may be provided
with four pairs of . transfer ports, one pair in
the upper right-hand quadrant of the plate, one
pair in the upper left-hand quadrant, one pair
in the lower right-hand quadrant, and the other
pair-in the lower left-hand quadrant, all of the
four lower bridging transfer ports having an ef-

-~ fective drainage port area not substantially above
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the horizontal plane of the lower edges of the
flow spaces and all of the four upper bridging
transfer ports having an effective air vent port
area not substantially below the horizontal pla ne
of the upper edges of the flow spaces.

~This positioning of the ports, in combination
with film flow spaces having laterally extending
upper and lower edges, prevents any possibility

of any substantial liquid pockets forming in the
lower part of the fillm flow spaces and prevents

any possibility of any substantial -air pockets
forming in the upper part of the film flow spaces,
thus enabling the entire series of film flow spaces
to fill up at once when liquid is supplied through

& supply passage in a terminal plate 4 and en-

abling the entire series of film flow spaces to be
drained completely by openmg a drain passage
in‘a terminal plate.

The angular cross section  of the corrugations
is .such as to create a varying Venturi effect
throughout the plates, and to insure a maximum
efficiency of fluid flowing over its surfasce. The
angle of this surface is most efﬁment between
20° and 30°. As shown in Figs. 19 to 24, inclu-
sive, the corrugations in two adjacent plates may
be so designed as to provide a change in the ef-

fective cross-sectional area for the flow between

the plates and so as to cause a somewhat tor-
tuous or zigzag flow, causing a change of ve-

locity of the flow stream and a tubulence of flow
resulting in a high heat transfer efficiency of the

plates. Figs. 20, 21, and 22 show successive ¢ross-
sections of the flow space between the plates of
Fig. 19. It will be noted that in passing from
the effective area along the section line 3T—37—
31, as shown in Fig. 20, to the effective area along
the section line 37—38—31, as shown in Fig. 21,
the effective area is doubled, thus reducing the
velocity, and that in passing from the section line
31—38—31 to -the section line 37—39—31, as

shown in Fig. 22, the effective area is reduceqd to
one-half, thus doubling the velocity. This alter-

nating decrease and increase of the velocity re- -
sults in a turbulence of the flowing fluid, which

~ brings all parts of the flowing liquid repeatedly
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rugations and then to follow the convergent flow

noted, to the end of the plate when it passes
through the elongated ports running lengthwise
with the flow. This port arrangement causes a
straight line flow which does not permit the cre-
ation of dead pockets of air or fluids, and insures
proper draining.

It will be noted that the port bosses 3¢ and 3!

are so positioned with respect to the flow spaces -

on opposite sides of the plate that a heat ex-
change apparatus, built up of a mulbiplicity of

these plates positioned to lie in vertical planes, 75

into contact with the heat transfer plates, thus
making for efficient heat transfer. It will also
be noted that in the section indicated in Fiz.
20, the greatest cross-sectional area is at the

points 36a and 36b, whereas in the section of

‘Fig. 21 the greatest cross-sectional area is at
the point 36¢ and that in the cross-section shown

in Fig. 22 the greatest effective areas are at the
1l This shifting of the maxi-
mum effective area has a tendency to cause a
zigzag current which further increases the tur-
bulence and adds to the heat-tra,nsfernng efﬁ--

ciency of the heat transfer plates.

The plates are so constructed as to be opera,ble'
in either hor1zonta1 or vertmal p051t10n bemg

hoblong in form.

Cellular - plates are also prnpased for Water |
brme Or ammonis use through the inside. o .
~For. ammonia, the corrugatmns are fmmed |
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with a. flat surface of ‘approximately 1%’ -width

so. that: the -Iwao plates: mgy :be :spot: welded at

spaced distances where the corruggtions-are made
to cross in order to'insure -these plates against
distortion -at exceptionally hltrh pressures say,
of one thousand pounds. X |
While these corrugations are lald psra,llel they
are also pressed at an angle to the edge of the
plates so that the corrugations in alternate en-
closed plates cross each other :as before, causing
the fluid to be treated to flow In convergent
streams over its surface,:as previously described.
In this case, the refrigerant is caused to flow at
right angles to the fluid being-treated by pass-
ing ‘it through the troughs of the corrugations.
In order to facilitate maintenance and clean-
ing of the apparatus, means-are provided where-

by the plate gaskets can be readily removed and

replaced. For this purpose, the gaskets, before
being secured to the heat transfer plates, may
be provided with an adhesive coating which:dries
and: loses its adhesiveness but which can be made
adhesive at the time when it is to be applied to
the heat transier plate by applying to the por-
ticn of the gasket which is to engage: the plate
a coating of a sclvent which will render the
casket again adhesive. ' For this purpose.the ad-
hesive coating may be some non-vulcanized rub-
ber composition which becomes nonadhesive on
drying ‘but which is again rendered adhesive on
the apphcstlon of a su1ta,ble hydrocarbon sol-
vent.

- As an example of the use Of thls gasket con-
struction, the method of remcving and replac-
ing the gaskets after using ‘the apparatus will
be described. When the plates carrying the gas-
kets are removed after use for cleaning, inspec-
tion, ete., the gaskets may be forcibly separated
from the sheet metal plates: a,nd replaced by new
oaskets kept in stock by the . user of the appa-
ratis. In applying the new :gaskets, the sheet
metal heat transfer platés are first ‘carefully
- cleaned to remove any adhiesive or gasket por-
tions which may have adhered to the plate, the
solvent is applied to the adhesive coating on the
new gasket to render this coating again adhesive,
and the gasket is then pressed into place with
respect to the sheet metal plate, causing the gas-
ket to adhere to the plate.
plate with the oasket in place is ready to be
plsced in position and clamped 1n the appar atus

Terminal platss |

- "The terminal plates 4 Wthh will ‘be dsscubed
more in detail hereinafter are provided with eight
possible port locations spaced and arranged to
correspond with the eight port embossments on
the heat exchange plates so.that- fluid can be
supplied from the terminal plate to any desired
ones of the ports in the adjacent heat exchange
plate and so that fluid may be discharged from
any desired. ones of the ports in the heat ex-
change plate to the corlespondmg ports in the
termmal plate | . _

- Heat ewchcmge ﬂow

| Before descnbmg in furthm detall the on-
struction and:operation of the. partlcular appa-
ratus shown, I will.describe in general what may
be -accomplished by the -use of a set of plates,
stich as shown in -Figs. 4 to 106, sultable for use
as the regenerative plates of set 1.

-In- order -to make clear the constructmn by
‘means of which the various arrangements of in-
terplate flow may be obtained, reference is made

‘In a short time the
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first to Fig. b, which shows in perspective two
plates which are to be swung together in juxta-
position to-each other to provide an interplate
flow space. In Fig. 5, the left hand plate 29 has
two horizontal port bosses 30 at the right hand
end of the plate perforated and provided with
oval gaskets on the back side of the plate. The
two vertically extending port bosses 30 at the left
hand side of the plate are imperforate. The two
right hand vertically. extending, semioval port
bosses 31 are imperforate, and the two left hand
horizontally extending semioval port bosses 31
are perforated but not gasketed. In the right
hand plate 29 the horizontally extending oval
port bosses at the right hand end of the plate 29
are perforated and provided with gaskets on the
obverse side of the plate. The vertfically extend-
ing oval port- bosses -38 ab the left hand end of
the plate are 1mperforate The vertically extend-

ing semioval port bosses-31 at . the right hand end

of the plate are perforated but not gasketed. The
horizontally extending semioval port bosses 31 at

- the left hand end of the plate are imperforate,

‘The plate gasket construction comprises two
similar, horizontally extending gasket strips 317
extending from 28 to 39, two similar, substantially
vertically extending gasket strips 40 extending
from &1 to 42, and four shaped, molded gasket
sections 43 for the corners of the plate, respec-
tively, extending between the horizontally ex-

tending gasket strips and the vertically extend-

ing gasket strips. The port gaskets 44 are oval
in shape and are seated in correspondingly shaped
oval channels 4% which may be formed in any
desired ones of the bosses 30 or 31. The emboss-
ments 33 serve to support one side of the gasket
strips 3T and also serve to support portions of the
corner gaskets 43, as indicated in Figs. 4 and d.
The-embossments 34 serve to support one side of
the gasket strips 40 and also serve to support
portions of the corner gaskets 43. The emboss-

- ments 36, extending from 46 to 47, serve to sup-
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broken line indicated at 52.

port one side of the horizontally extending gasket
strips 37 and also portions of the corner gasket
pieces 43. - The embossments 39 serve to support
one side of the vertically extending gasket strips

49 and also portions of the corner gaskets 43.

The semioval embossments 31 and the oval em-
bossments 30 serve to support portions of the cor-
ner gaskets 43,

In order to prevent sprmgmg of the plate 29
under pressure and thus to prevent danger of
leakage, the plates may be embossed as indicated
at 90 and 51 in Figs. 4, b, 6, and 8. These emboss-
ments 50 and 51 bear against the adjacent plates
and effectively support the plates against distor-
tion due to fluid pressure on the plates, thus pre-
venting danger of leakage. In order to make
the plates and gaskets easy to clean, the gaskets
43 may be beveled as indicated at 9la in Figs. 4
and 7, thus providing a smooth surface for brush-
ing,.

Tt will be understood, of course, that the above
described porting and gasketing arrangement is
illustrative only and may be varied to take care
of different situations.  With the porting and
gasketing arrangement described, when the two
plates shown in Fig. 5 are swung together and
pressed tightly in engagement with each other,
the plate gasket construction, including the-gas-
ket members 37, 40 and 43, carried by the left

hand plate, will lie in sealing engagement against

flat portions of the right hand plate along the
‘The oval port gas-
kets 44 carried by the right hand plate 29 will
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lie in sealing engagement against flat portions
of the semioval port bosses 31 of the left hand
plate 29, as indicated by the broken lines 53.
This construction provides for an interplate flow
for a fluid entering the ports 30 at the right hand
end of the left hand plate and leaving the inter-
blate flow space through the right hand end ports

in the bosses 31 of the right hand plate. The

fluid entering the aforesaid ports 30 will first flow
downwardly from the upper port 30 and upwardly
from the lower port 30 along the corrugations in
the plate, distributing itself over the area between
the plates 29, and will thence flow transversely
with respect to the corrugations toward the exit
ports 31 without any substantial rise or fall in its
passage between the corrugated portions of the
juxtaposed plates. |
‘The through plate flow for the fluid which is to
be excluded from the aforesaid interplate flow
space is eifected by means of the port gaskets 44
in the rignt hand plate 29 which lies snugly
against and in fluid tight relation with respect to

the apertured port bosses 31 at the right hand

end of the left hand plate 29. It will be noted
that the area included by the plate gasket con-
struction takes in the interplate flow ports 30 of
the left hand plate and the interplate flow ports
31 of the right hand plate. .

Figs. 10, 10a and 100 are views showing the re-
lation of the interplate flow spaces with respect
to the porting arrangement of the plates. These
views show only the porting arrangement for the
upper half of the plate but of course the porting
arrangement of the lower half of the plate may
be substantially the same as that shown. In
these views seven plates are shown, indicated as
A, B, C, D, E, F and G, the corresponding inter-
plate flow spaces being indicated by reference
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characters ¢, b, ¢, d, e and f. TFor the sake of

clarity, the plate corrugations are not shown.

The porting arrangement shown in these views

provides for parallel flow of a fluid in one direc-
tion through three of the interplate flow spaces

b, d and f and for parallel flow of a separate fluid.

in the opposite direction through the three in-
terplate flow spaces a, ¢, and e. A fluid enter-

40

ing the set of plates at Y will flow downwardly .

through the interplate flow spaces b, d and f into
tne space between the corrugated portions of the
plates and thence laterally along ‘the aforesaid
interplate flow spaces, escaping from the set of
plates at the point X. The separate fluid enter-
ing the set of plates at Z will flow downwardly
along the interplate flow spaces ¢, ¢ and e into
the space between the corrugated portions of the

plates and thence to the left between the corru-

gated portions of the plates leavmg the set of
plates at W.

'As indicated above, this construction pwwdea
for parallel counterflow in opposite directions of
the separate fiuids. Many different flow arrange-
ments may be secured by varying the porting
arrangement, FPor instance, if plate C is made
imperiorate at the position Y, plate E made im -
perforate at the position Z, plate C made im-
periorate at the position W, and plate E made
iumperforate at position X, the flow of the fluids
will be in series rather than in parallel, The fluid

entering position Y will flow through the inter-

plate flow space b to bosition X, thence through
interplate fiow space d back to position Y, and
thence through interplate flow space [ ba.ck to

position X where it. will leave the set of plates 3

The separate fluid entermg posﬂ:mn Z Wlll flow
through the mterplate flow space e to posxtian

W, thence through mterplate flow space ¢ back-
to position Z, thence through interplate flow

space ¢ to posu;mn W Where 1t leaves the set; of -

bplates. |
- For the sake of convenience in descnptlon 1t
may be assumed that the fluid entering at Y in
Fig., 10a, leaving at X in Fig. 10, is raw milk,

“and that the fluid entering at Z in Fig. 10b and

leaving at W in Fig. 10 is pasteurized milk.” With .
this construction, it will be noted that the raw
milk fiows in the interplate flow spaces b, d and
and that the pasteurized miik flows through the
interplate flow spaces a, ¢ and e counfercurreni
to the flow of the raw milk. . The port gaskets 44
at ¥ and X prevent the raw milk from escaping
and entering the spaces g, ¢ and e reserved for
the pasteurized milk, and the port gaskets 48 at

Z and W prevent the pasteurized milk from en= =

tering the fiow spaces b, d and f reserved for the
flow of the raw milk, The plate gasket construc-
tions, mcludlng the gaskets 37 at Z and W, pre-
vent the raw milk in the interplaie flow spaces
0, d and f from escaping irom the flow space

outlined by these gasket constructions. The
plate gasket constructions, inciuding the gaskeis
81 at ¥ and X, prevent the pasteurized miik fromn

escaping from the flow spaces a C ana e outlmed

by these gasket constructions.

In order to prevent any posmblhty of ﬁlLd
seeping past both the port gasket. consiruciion
and the plate gasket construction, the semioval

port bosses are relieved, as indicated ab 54 (IFg.

10) to provide gutters or drain channefs alony
which any fluid escaping past either the port
gasket or the plate gasket may drain off readily,
tnus preventing any possibility of leakage of a
fuid past both gaskets which might reswst in raw
miik being mixed with the pasteurized miik,

- In the construction shown in I'igs. 10, 10a and

10b, three passages in parallel gre provided for
the raw milk and three passages in parallel are .

provided for the pasteurized milk, the raw milk
passages alternating with the passages of the
pasteurized milk so that the flow may be made
countercurrent It will be apparent that many
different flow circuits may be secured by varying
the port arrangements. The transverse passage -
through the plates may be biocked off at any

desired points simply by leaving the port em-
bossments imperiorate, |

It will be understood, o
of course, that the flow with respect to the upper .

-~ ports of the set, mdlcated in Figs, 10, 10a and-
- 100, may be duphcated through the lower seta- -
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of ports. S
In Figs. 11 to 18 mcluswe 1s shown a pla,te g

and, ga.sket constructwn which may, in generai,

be used in place of that shown in Figs. 5 to 100,

inclusive, in the regenerative set i. This COIL~
structmn comprises a set of sheet metal plates
which may be termed gasket piates &5 ‘having
provisions on both f&ces for hoiding gaskets -
against displacement in. 'planes paraliel to the
sheets, a sef of plain plates 66 alternatmg and
interspaced between the gasketed plates 65 and
cooperating with the gasketed plates 65 to pm-

_Vlde mterplate flow | spaces, a plate gasket COI1~

struction 67 in. general lying in, grooves on the .

front side of the gasket plaie, as Vzewed in Fig.
11, a. plate gasket construction 68 in general
lying in grooves on the rear face of the gasket.
plate of Fig. 11, port gaskets 69 at the ends |

of the - gasket - plates in. general lymg

~grooves in the front side-of the gasket plate Gb S

and port gaskets 10 adsacent the upper and lowex :‘
edges of the gasket plates m general lymg m:
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frrooves in the rear side of the gasket plate 6%.
The front and rear plate gaskets 6T and 68 in
general outline interplate flow spaces between the
gasket plate and the front and rear plain plates;
and the port gaskets 69 and 18 in general serve
to provide for the flow of l1qu1d through the
gasket plate and an adjacent plain plate with-
out allowing the liquid flowing through the port
to enter the space between the two plates. Any
desired arrangement of interplate flow space may
be provided by suitably perforating the plates
and providing suitable rort gaskets.

In the construction shown (referring particu-
larly to Figs. 13 to 16, inclusive), liquid may be
caused to enter or leave the interplate space
between the gasketed plate 65 and the front plain
plate 66 through the laterally extending ports
11 adjacent an edge of the plate, as indicated by
the arrow Tla (Figs. 13 and 16) and to leave or
enter this interplate flow space through the lat-
erally extending ports, adjacent the opposite side
edge of the plates. Liquid may be caused to en-
ter or leave the interplate flow space between
the gasketed plate 65 and the rear plain plate
66 through the vertically extending ports 12 ad-
jacent a side edge of the plates, as indicated by
the arrow T3 (Figs., 14 and 15), and to leave or
enter this interplate flow space through the ver-
tically extending ports 71 adjacent the eppesrte
side edge of the plates.

It will be noted that all of the gaskets 67, 68,
69, and 710 lying between a gasket plate 65 and

a, plain plate 66 lie in the same general plane
and that the front gasket construction 67 and the

rear gasket construction 68 cross each other at

the two points 74 and 715 on each corner, as in-
dicated in Fig. 11b. This crossing of the gaskets
necessitates a special construction, both in the
gasket plate 65 and in the plain plate 66, in or-
der to prevent undue distortion of the: gaskets a.nd
to insure tight jeints. ‘To take care of this cress-
ing of the gaskets, the gasketed plate has por-
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leak- ‘past- the port- gaskets- from entering 'the
space between: the plates, drain: constructions

- Mmay-be provided so-that if- -any liquid does escape

10

past one of -the port gaskets it will be drained
out from between the plates rather than be forced
past the plate gasket into the interplate flow
space. It -will-be noted that the rear gasket 68
in- general lies outside of -the front gasket except
those portions of the front gasket 61 which ex-
tend outwardly to- embrace the ports. The rear

~ gasket constructiton 68, which may be termed
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tions of the front gasket channel bumped for-

wardly, as indicated at 76 (Figs. 11 and 17, to
- about half the depth of the gasket groove, SO
that the front gasket  construction 6T will be
pressed forwardly, as indicated in Fig. 17. In
order to hold the rear gasket snugly up into the
bumped-up portion 76 of the gasket plate, the
rear plain plate 66 is provided with embossed por-
tions 11 (Figs. 11a and 17) extendlnﬂ' across the
channel formed by the gasket engaging emboss-
ment 18, these portions being deep enough to sub-
stantially half fill the channels of the emboss-
ments 18, These portions 11 lie agalnst the ad-
jacent portions of the gasket 67 and hold-them
- snugly against the bumped-up embossments Te
in the gasket plate 5.

It will be seen that the porticns 16 and 1T serve )

to deflect both the front gasket 61 and the rear
casket 68 at their crossing pomts the gasket 61
being deflected to the right, as seen in Fig. 17,
. and the gasket 68 being deflected to the left.

~ Suitable spacer plates or frames 9 may be pro-
vided between the peripheral portions of -the

~ plates in order to prevent crushing and mamtarn
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the proper plate spacing. The plates may be pro-
vided with openings 8§0-at their opposite ends for
the passage of the clamping rods 7. In order to

prevent crushing or d1stert1en of the plates when
clamped, the gasketed plate may be pr ovided with
a plurality of bumped-up portions 81 (F‘lgs 11,
13, 14, 15 and: 16), which will-engage and - lie
agamst the adjacent portions of: the plain- plates

70

~In order- to prevent an:sr qurud whleh~ may ’ﬂi

the outer gasket censtructmn in general- lies
agamst the perlpheral flange portion 82 of the
plain plate 66, and-the front gasket constr uction
67, which may be termed the inner gasket con-
struction, in general lies against the ridge or em-
bossment 83 formed in the plain plate. The main
portlons both of the gasketed plates and of the
plain plates lying between the plate gaskets, are
corrugated in general substantially in the manner
prevmusly described, the corrugated portions of
the gasketed plates lymg in the same general
plane as the gaskets of the corresponding plates.
- Two somewhat drfferent constructions are pro-
vided fer draining the leakage past the port gas-
kets, one censtructlen involving an embossment

84 in the plain plate (Figs. 11a, 14 and 15) and

the other involving the provision of dramage
partitions 85, as shown in Fig. 13. Where the
embossment 84 is used, it provides a channel be-
tween the gaskets 6T and 69; as shown in Fig. 19,
enabling any liquid escaping past the gasket to
flow off between the plates to the outside of the
flow spaces. Similarly, when the drainage par-
tition 85 is used in Fig. 13, the channel 867in the
drarnage partltlen enables any liquid escaping
past the port gasket 10 to flow cut threueh this
channel BB‘ and eseape from between the twe

into the 1nte1 plate ﬂew spac:e |
Further modifications will ke apparent to these
skilled in the art and it is desired, therefore,
that the. mventmn be limited only by the pr101
art and the scopeé of the appended claims. =
In the .specification and claims where the terms
“guadrant” and “quadrantal space’” are used (re-
ferring to the plates), it is to be understocd that
the quad rants and quadrantal spaces are defined
by. a honzental plane  dividing the flow spaces
equally, and a . ve1t10al plane drwdlne' the flow
spaces equally -
Having thus descrlbed my invention, what I
clalm and de51re to secure. by Letters Patent is:
1. A plate and, gasket constructmn for use in a

: -heat exchange apparatus of the Juxtapesed plate
-type comprising '8 sheet metal heat exchange

plate embossed to provide portions lying in offset
parallel. planes, a plate gasket for bounding the
film flow. space - aleng a face of said plate, and a
transfer pert gasket bounding the quuld flow
passage between a pair of film  flow. spaces,. the
real face of said ‘plate gasket 1ying against the

front face of the.rear. one of said oifset portions,

the frenu face of sa1d port gasket lying against
the rear, ‘face of- the front one oi ‘said offset

- portlens and at. least. a portlen of each gasket,

lying between the parallel planes boundmcr Sald

offset portions.
- 2. Aplate and gasket construction for use in a

heat exchange apparatus of the Juxtapesed plate

type comprising  a sheet metal heat exchange
| plate embaossed to provrde pertmns lying in offset

parallel planes Q plate gasket for beundmg the
film flow space along a face of said plate, and ‘8
transfer per’e gasket bmmdmg the liquid flow pas-
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sage between a pair of film flow spaces, one face

of said plate gasket lying against the obverse face

cf one of said offset portions, one face of said port
gasket lying against the reverse face of the other
oiiset portion, at least a portion of each gasket
lying between the parallel planes bounding said
offset portions, adjacent portions of the two gas-
kets being held against lateral displacement by
a. portion of the plate connecting said offset por-
tions. | -

3. A plate and gasket construction for use in
a heat exchange apparatus of the juxtaposed
plate type comprising a sheet metal heat ex-
change plate embossed to provide portions lying
In ofiset parallel planes, a plate gasket for bound-
ing the film flow space along a face of said plate,
and a transfer port gasket bounding the liguid
flow passage between a pair of film flow spaces,

one face of said plate gasket lying against the

obverse face of one of said offset portions, one
face of said port gasket lying against the reverse
face of vhe other offset portion, at least a portion
of each gasket lying between the parallel planes

bounding said offset portions, a portion of said

blate gasket being held in place against lateral
movement by engagement of the edge of the
gasket with & portion of the plate connecting
said oifset portions. |

4, A plate and gasket construction for use in
a heat exchange apparatus of the juxtaposed
pPlate type comprising a sheet metal heat ex-
change plate emhossed to provide portions lying
In oliset parallel planes, a bplate gasket for
bounding the film flow space along a face of said
plate, and a fransfer port gasket bounding the
liquid flow passage hetween a palr of film flow
spaces, one face of said plate gasket lying against

the obverse face of one of said offset portions,

one face of said port gasket lying against the
reverse face of the other offset portion, at least
a portion of each gasket lying between the paral-
lel planes bounding said offset portions, a portion
of said port gasket being held in place against
lateral movement by engagement of the edge of
the gasket with a portion of the plate connecting
said ofiset portions. | |

8. A plate and gasket construction for use in a

heat exchange apparatus of the juxtaposed plate

type comprising a sheet metal heat exchange
- plate embossed to provide portions lying in offset
parallel planes, a plate gasket for bounding the
film flow space along a face of said plate, and
a transfer port gasket bounding the liquid flow
passage between a pair of film flow spaces, one
face of said plate gasket lying against the obverse
face of one of said offset portions, one face of said

port gasket lying against the reverse face of the

other ofiset portion, at least a portion of each
gasket lying between the parallel planes bound-
ing sald offset portions, a portion of said port
gasket being held in place against lateral move-
ment by engagement of the edge of the gasket

ith a portion of the plate connecting said offset

portions, the opposite edge of said port gasket
engaging a collar portion of the plate surround-

ing the port. | | :
0. A plate and gasket construction for use in a

heat exchange apparatus of the juxtaposed plate

type comprising a sheet metal heat exchange
plate embossed to provide portions lying in offset
parallel planes, a plate gasket for bounding the
film flow space along a face of said plate, and a

ré
transfer port gasket bounding the liquid flow |
passage between a pair of film flow spaces, the
rear face of said plate gasket lying against the
front face of the rear one of said offset portions,
the front face of said plate gasket lying in front
of the space between the parallel planes bound-
ing both offset portions, the front face of said
port gasket lying against the rear face of the
front one of said offset portions, the opposite
face of said port gasket lying in the rear of the
space between the parallel planes bounding both
- ofiset portions, at least a portion of each gasket
lying between the parallel planes bounding sald
offset portions. |
7. A plate and gasket construction for use in
a heat exchange apparatus of the juxtaposed
plate type comprising a sheet metal heat ex-
change plate embossed to provide portions lying
in offset parallel planes, a plate gasket for bound-
ing the film flow space along a face of said plate,
and a transfer port gasket bounding the liquid
flow passage between a pair of film flow spaces,
one face of said plate gasket lying against the
- obverse face of one of said offset portions, one
o5 face of said port gasket lying against the reverse
face of the other offset portion, at least a portion
of each gasket lying between the parallel planes
- bounding said offset portions, said plate being
- formed to provide a shoulder lying against the
30 Inner edge of said plate gasket throughout the
major portion of the length of the gasket. |
8. A plate and gasket construction for use in a |
heat exchange apparatus of the juxtaposed plate
type comprising a sheet metal heat exchange
55 blate embossed to provide portions lying in off-
set parallel planes, a plate gasket for bounding
the film flow space along 3 face of said plate, and
a transfer port gasket bounding the liquid flow

ot
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passage between a pair of film flow spaces, one =

tace of said plate gasket lying against the ob-

40 |
verse face of one of said offset portions, one face

of sald port gasket lying against the reverse

face of the other offset portion, at least a portion
o1 each gasket lying between the parallel planes
bounding said offset portions, said plate having
Iis film flow space embossed to provide corruga-
-tions extending transversely of the film flow, said
corrugations having their major portions lying
between said planes. e
9. A plate and gasket construction for use in a
‘heat exchange apparatus of the juxtaposed plate
type comprising a sheet metal heat exchange

60

plate embossed to provide portions lying in offset

barallel planes, a plate gasket for bounding the
film flow space along a face of said plate, and a
transfer port gasket bounding the liquid flow
bassage between a pair of film flow spaces, one
face of said plate gasket lying against the obverse -

face of one of said offset portions, one face of
sald port gasket lying against the reverse face -

00 of the other offset portion, at least a portion of -
each gasket lying between the parallel planes
bounding said offset portions, said plate being
formed to provide a shoulder lying against the
Inner edge of said plate gasket throughout the
major portion of the length of the gasket, and
having its film flow space embossed to provide -
corrugations extending transversely of the film
flow, sald corrugations having their major por-
tions lying between said planes. .
I - WILLIAM ASTLE.,
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