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Description
Technical Field

[0001] The present invention relates to a plate heat
exchanger for three fluids, and more particularly to a plate
heat exchanger for three fluids, which allows a first fluid
to exchange heat with a second fluid, and then with a
third fluid, and also to a method for producing the heat
exchanger.

Background Art

[0002] Conventionally, with this type of heat exchang-
er, as shownin FIG. 6, a preceding-stage heat exchange
section 13A having interplate first fluid paths f1 for pass-
ing a first fluid La between the plates 15 and interplate
second fluid paths f2 for passing a second fluid Lc be-
tween the plates 15 is formed at one side in a plate lon-
gitudinal direction of a plate laminate composed of many
plates 15 laminated one on another. The interplate first
fluid paths f1 and the interplate second fluid paths f2 are
positioned alternately in a plate laminating direction. A
succeeding-stage heat exchange section 13B having in-
terplate first fluid paths f1 continued from the interplate
first fluid paths f1 in the preceding-stage heat exchange
section 13A and adapted to pass the first fluid La between
the plates 15 and interplate third fluid paths f3 for passing
a third fluid Lb between the plates 15 is formed at the
other side in the plate longitudinal direction of the plate
laminate. The interplate first fluid paths f1 and the inter-
plate third fluid paths f3 are positioned alternately in the
plate laminating direction (see Japanese laid-open Pat-
ent Publication No. 9-60996).

[0003] Specifically, the heat exchanger has a structure
in which the preceding-stage heat exchange section 13A
for exchanging heat between the first fluid La and the
second fluid Lc, and the succeeding-stage heat ex-
change section 13B for exchanging heat between the
first fluid La and the third fluid Lb are located parallel in
the longitudinal direction of the plates 15 and integrated
together.

[0004] Suchaconventional structure can make the en-
tire heat exchanger considerably compact in comparison
with the preceding-stage heat exchange section 13A and
the succeeding-stage heat exchange section 13B being
composed of separate plate heat exchangers. However,
the conventional heat exchanger still has room for im-
provement in view of the fact that further downsizing of
the equipments and further energy saving have been de-
manded in recent years.

[0005] US-A-4,327,802 was used as a basis for the
preamble of claim 1 and discloses a multiple fluid heat
exchanger having a unitary construction and formed of
astack of dished plates to form at least two fluid passages
within the heat exchange elements formed by the plates
and passages for a third fluid formed between at least
some of the elements. The stack of plates are adapted
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to be simultaneously bonded together by a brazing or
soldering operation, with the stack including at least one
set of dished plates joined at their peripheries to form
first and second fluid passages in a first set heat ex-
change elements, with the third fluid passages being
formed in a second set of heat exchange elements. One
set of heat exchange elements may have spaced fluid
passages with corrugated heat exchange fins between
the fluid passages to provide transverse passages for a
cooling fluid, such as air. Additional arrangements of the
sets of elements may be utilized for a fourth and/or fifth
fluid.
[0006] Attention is further drawn to JP-A-10-19482.
Disclosure of Invention

[0007] The present invention has been made in view
of the above drawbacks. It is therefore an object of the
present invention mainly to ensure further compactness
and achieve afurther decrease in a heatloss, by adopting
a rational structure in integrating the preceding-stage
heat exchange section and the succeeding-stage heat
exchange section.

(1) According to the present invention defined in
claim 1, there is provided a plate heat exchanger for
three fluids, which allows a first fluid to exchange
heat with a second fluid, and then with a third fluid,
characterized in that:

in a plate laminate comprising many plates lam-
inated one on another,

a preceding-stage heat exchange section hav-
ing interplate first fluid paths for passing the first
fluid between the plates and interplate second
fluid paths for passing the second fluid between
the plates is formed at one side of the plate lam-
inate in a plate laminating direction, the inter-
plate first fluid paths and the interplate second
fluid paths being positioned alternately in the
plate laminating direction;

a succeeding-stage heat exchange section hav-
ing interplate first fluid paths for passing the first
fluid between the plates and interplate third fluid
paths for passing the third fluid between the
plates is formed at the other side of the plate
laminate in a plate laminating direction, the in-
terplate first fluid paths and the interplate third
fluid paths being positioned alternately in the
plate laminating direction;

a first fluid crossover path is provided for allow-
ing the first fluid which has passed as parallel
streams through a plurality of the interplate first
fluid paths in the preceding-stage heat ex-
change section to flow as parallel streams into
a plurality of the interplate first fluid paths in the
succeeding-stage heat exchange section; and
plates located at a boundary between the pre-
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ceding-stage heat exchange section and the
succeeding-stage heat exchange section
among the laminated plates form a heat insulat-
ing layer in which no fluid flows.

With the above arrangement, the heat insulating lay-
er can prevent heat from transferring between the
preceding-stage heat exchange section and the suc-
ceeding-stage heat exchange section having differ-
ent temperature levels from each other, thus sup-
pressing heat loss due to heat transfer between the
two heat exchange sections (in short, a heat loss
due to heat exchange between the second fluid and
the third fluid that is not expected). Hence, heat ex-
change with the first fluid in a heat exchanger be-
comes better, and more advantageous heat ex-
changer in energy saving can be achieved.
Furthermore, the heat insulating layer is formed at
the boundary between the preceding-stage heat ex-
change section and the succeeding-stage heat ex-
change section in such a state that the plate lami-
nated structure in which many plates are laminated
together is employed. Hence, it is easy to form the
heat insulating layer itself and to produce the heat
exchanger efficiently.

(2) According to the present invention defined in
claim 2, each of the portions between three or more
of the adjacent plates located at the boundary be-
tween the preceding-stage heat exchange section
and the succeeding-stage heat exchange section
among the laminated plates forms the heat insulating
layer in which no fluid flows.

With the above arrangement, inthe presentinvention
definedin claim 1, each of the portions betweenthree
or more of the adjacent plates forms the heat insu-
lating layer. Thus, the heat insulating effect can be
increased, and a heat loss due to heat transfer be-
tween the preceding-stage heat exchange section
and the succeeding-stage heat exchange section
can be suppressed more effectively in such a state
that its entire thickness of the multi-layered heat in-
sulating layer is large.

Further, with the above arrangement, even when the
plates with a corrugated cross-section are laminated
together in such a state that the ridges of the corru-
gations of the plates are contacted with those of the
facing plates (hamely, when heat transfer is expect-
ed via bonding portions between the ridges of the
corrugations), the multi-layered heat insulating layer
produces an increased heat insulating effect, and a
heat loses due to heat transfer between the preced-
ing-stage heat exchange section and the succeed-
ing-stage heat exchange section can be suppressed
more effectively.

(3) According to the present invention defined in
claim 3, the plates located at the boundary between
the preceding-stage heat exchange section and the
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succeeding-stage heat exchange section among the
laminated plates form an airtight space under vacu-
um, and the heatinsulating layer serves as a vacuum
heat insulating layer.

With the above arrangement, inthe presentinvention
defined in claim 1 or 2, the heat insulating layer
formed between the plates serves as a vacuum heat
insulating layer. Thus, a high heat insulating effect
based on a vacuum space can more effectively sup-
press a heat loss due to heat transfer between the
preceding-stage heat exchange section and the suc-
ceeding-stage heat exchange section.

Further, with the above arrangement, since the heat
exchanger needs no heatinsulating material and the
heat insulating layer is formed by utilizing the plate
laminated structure, it is easier to form the heat in-
sulating layer.

(4) According to the present invention defined in
claim 4, the first fluid crossover path extends to a
plurality of the interplate first fluid paths in the pre-
ceding-stage heat exchange section and a plurality
of the interplate first fluid paths in the succeeding-
stage heat exchange section in such a state that the
first fluid crossover path pierces through the plates
in the plate laminating direction inside the plate lam-
inate.

Compared with a structure in which the first fluid
crossover path for transferring the first fluid from the
interplate first fluid paths of the preceding-stage heat
exchange section to the interplate first fluid paths of
the succeeding-stage heat exchange section is
formed outside the plate laminate and connected to
an external pipe, the above arrangement of the
present invention enables the structure around the
plate laminate to be simplified and hence the entire
heat exchanger can be made more compact.

In addition to the above arrangement, each of inlet
paths and outlet paths for the fluids (i.e., a first fluid
inlet path for allowing the first fluid to flow as parallel
streams into a plurality of the interplate first fluid
pathsinthe preceding-stage heat exchange section,
a second fluid inlet path for allowing the second fluid
to flow as parallel streams into a plurality of the in-
terplate second fluid paths in the preceding-stage
heat exchange section, a second fluid outlet path for
gathering and discharging the second fluid having
passed through a plurality of the interplate second
fluid paths in the preceding-stage heat exchange
section, a third fluid inlet path for allowing the third
fluid to flow as parallel streams into a plurality of the
interplate third fluid paths in the succeeding-stage
heat exchange section, a third fluid outlet path for
gathering and discharging the third fluid having
passed through a plurality of the interplate third fluid
paths in the succeeding-stage heat exchange sec-
tion, and a first fluid outlet path for gathering and
discharging the first fluid having passed through a
plurality of the interplate first fluid paths in the suc-
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ceeding-stage heat exchange section) may extend
to the corresponding interplate fluid paths while
piercing through the plates in the plate laminating
direction inside the plate laminate. This arrangement
enables the structure around the plate laminate to
be further simplified and hence the entire heat ex-
changer can be made more compact.

(5) According to the present invention defined in
claim 5, there is provided a method for producing the
plate heat exchanger for three fluids according to
claim 3, wherein:

the respective interplate fluid paths are formed
under vacuum, and simultaneously the plates
located at the boundary between the preceding-
stage heat exchange section and the succeed-
ing-stage heat exchange section form the air-
tight space under vacuum as the vacuum heat
insulating layer, by brazing the adjacent plates
of many laminated plates.

[0008] With the above method, the adjacent plates are
bonded, and the vacuum heat insulating layer is simul-
taneously formed, by so-called vacuum brazing. Thus,
compared with an alternative method, for example, by
which an airtight space is formed by other bonding meth-
od between the plates located at the boundary between
the preceding-stage heat exchange section and the suc-
ceeding-stage heat exchange section, and then air is
bled from the airtight space to form a vacuum heat insu-
lating layer, it is very easy to form the heat insulating
layer itself and to produce heat exchanger efficiently by
the above method.

Brief Description of Drawings
[0009]

FIG. 1 is a schematic diagram showing a structure
of an absorption refrigerating machine;

FIG. 2 is a vertical cross-sectional view showing a
heat exchanger;

FIG. 3 is a sectional side elevation showing a part
of the heat exchanger;

FIG. 4 is a perspective view schematically showing
the heat exchanger;

FIG. 5 is a vertical cross-sectional view showing a
heat exchanger of another embodiment; and

FIG. 6 is a schematic view showing a structure of a
conventional heat exchanger.

Best Mode for Carrying Out the Invention

[0010] FIG. 1 shows a schematic structure of an ab-
sorption refrigerating machine, in which the reference nu-
meral 1 denotes a high temperature regenerator, 2 a low
temperature regenerator, 3 a condenser, 4 an evapora-
tor, and 5 an absorber. In the high temperature regener-
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ator 1, a low concentration absorption solution La (e.g.,
an aqueous solution of lithium bromide) which has ab-
sorbed a refrigerant R (e.g., water) is heated by a high
temperature heater 6 to evaporate and separate the re-
frigerant R from the low concentration absorption solution
La.

[0011] Anintermediate concentration absorption solu-
tion Lb from which the refrigerant R has been separated
in the high temperature regenerator 1 is sent to the low
temperature regenerator 2 via a passage rl. Arefrigerant
vapor R’ generated in the high temperature regenerator
1lis sent as a heat source to a low temperature heater 7
in the low temperature regenerator 2 via a passage r2.
Thus, in the low temperature regenerator 2, the interme-
diate concentration absorption solution Lb is heated by
the refrigerant vapor R’ as a heat source which has been
generated in the high temperature regenerator 1, for
thereby further evaporating and separating the refriger-
ant R from the intermediate concentration absorption so-
lution Lb.

[0012] The refrigerant vapor R’ generated in the low
temperature regenerator 2 and the refrigerant vapor R’
which has been used as a heat source in the low tem-
perature heater 7 are cooled by a cooler 8 in the con-
denser 3 to be condensed. The condensed refrigerant R
(i.e., a liquid refrigerant) is sent to the evaporator 4 via a
passage r3.

[0013] Inthe evaporator 4, the condensed refrigerant
R sent from the condenser 3 is sprayed onto an interior
heat exchanger 11 by a sprayer 10, while the refrigerant
Ris being circulated by a refrigerant pump 9A, for thereby
cooling a fluid C to be cooled (e.g., water or brine) flowing
in the interior heat exchanger 11 by evaporating the re-
frigerant R and utilizing the heat of vaporization thereof.
[0014] Ontheotherhand, a high concentration absorp-
tion solution Lc from which the refrigerant R has been
separated in the low temperature regenerator 2 is sent
to the absorber 5 via a passage r4. In the absorber 5, the
high concentration absorption solution Lc sent from the
low temperature regenerator 2 is sprayed by a sprayer
12, and hence absorbs the refrigerant vapor R’ generated
in the evaporator 4, forming a low pressure atmosphere
for evaporating the sprayed refrigerant R at a low tem-
perature in the evaporator 4.

[0015] The low concentration absorption solution La
which has absorbed the refrigerant vapor R’ in the ab-
sorber 5 is returned to the high temperature regenerator
1 via a passage r5 by a solution pump 9B, and the step
of separating the refrigerant R from the low concentration
absorption solution La is conducted again.

[0016] The reference numeral 13 denotes a heat re-
covery type heat exchanger for allowing the low concen-
tration absorption solution La having a low temperature
which is to be returned to the high temperature regener-
ator 1 to exchange heat with the high concentration ab-
sorption solution Lc having an intermediate temperature
which is to be sent from the low temperature regenerator
2 to the absorber 5, and then to exchange heat with the
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intermediate concentration absorption solution Lb having
a high temperature which is to be sent from the high tem-
perature regenerator 1 to the low temperature regener-
ator 2, for thereby recovering the heat that the high con-
centration absorption solution Lc and the intermediate
concentration absorption solution Lb hold. In FIG. 1, the
heat recovery type heat exchanger 13 is shown only
schematically to describe the order of heat exchange of
the low concentration absorption solution La with the high
concentration absorption solution Lc and the intermedi-
ate concentration absorption solution Lb, and does not
correspond with its concrete structure to be described
later on.

[0017] The reference numeral 14 denotes a cooler for
removing the heat of absorption generated at the time
when the sprayed absorption solution Lc in the absorber
5 absorbs the refrigerant. A cooling fluid W (e.g., cooling
water circulated into a cooling tower) is supplied to the
cooler 14 in the absorber 5 and the cooler 8 in the con-
denser 3.

[0018] The heat recovery type heat exchanger 13 for
exchanging heat among three fluids, i.e., the low con-
centration absorption solution La, the high concentration
absorption solution Lc, and the intermediate concentra-
tion absorption solution Lb (hereinafter respectively re-
ferred to as a first fluid, a second fluid, and a third fluid),
is constructed in the following manner: As shown in FIGS.
2 through 4, a plate 15 has a corrugated cross-sectional
shape, except its portions near both ends thereof, and
has holes pl to p4 for inlet and outlet path at corners
thereof. As shown in FIG. 3, a plurality of the plates 15
are laminated in such a state that the ridges of the cor-
rugations of the plates 15 are contacted with those of the
facing plates. As shown in FIG. 2 and 5, a preceding-
stage heat exchange section 13A for exchanging heat
between the first fluid La and the second fluid Lcis formed
at one side of the plate laminate in a plate laminating
direction. A succeeding-stage heat exchange section
13B for exchanging heat between the first fluid La which
has exchanged heat with the second fluid Lc in the pre-
ceding-stage heat exchange section 13A and the third
fluid Lb is formed at the other side of the plate laminate
in the plate laminating direction.

[0019] In the preceding-stage heat exchange section
13A, with the above-mentioned plate laminate structure,
interplate first fluid paths f1 for passing the first fluid La
between the adjacent plates 15 and interplate second
fluid paths f2 for passing the second fluid Lc between the
adjacent plates 15 are positioned alternately in the plate
laminating direction. While these fluids are passing
through these interplate fluid paths f1 and f2, heat is ex-
changed between the first fluid La and the second fluid
Lc via the plates 15 serving as heat transfer walls.
[0020] Similarly, in the succeeding-stage heat ex-
change section 13B, with the plate laminated structure,
interplate first fluid paths f1 for passing the first fluid La
between the adjacent plates 15 and interplate third fluid
paths f3 for passing the third fluid Lb between the adja-
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cent plates 15 are positioned alternately in the plate lam-
inating direction. While these fluids are passing through
these interplate fluid paths f1 and f3, heat is exchanged
between the first fluid La and the third fluid Lb via the
plates 15 serving as heat transfer walls.

[0021] Since, as shown in FIG. 3, the ridges of the cor-
rugations of the plates are contacted with those of the
facing plates in the plate laminated structure, the inter-
plate fluid paths f1 to f3 are finely divided into many seg-
ments in the plate width direction perpendicular to the
fluid flowing direction. Thus, a larger area of heat transfer
can be ensured, and high strength can be obtained.
[0022] Since portions of each plate 15 near both ends
thereof are in the form of a flat plate without corrugations,
headers for the passages finely divided in the plate width
direction are formed at both end portions of the interplate
fluid paths f1 to f3. On the other hand, the holes p1 among
the holes p1 to p4 for inlet and outlet path formed at the
four corners of the respective plates 15 constitute a first
fluid crossover path m which extends between the head-
ers beside one end of the interplate first fluid paths f1 in
the preceding-stage heat exchange section 13A and the
headers beside one end of the interplate first fluid paths
f1 in the succeeding-stage heat exchange section 13B
inside the plate laminate. In a portion of the first fluid
crossover path m which pierces through the interplate
second fluid paths f2 and the interplate third fluid paths
3, the neck d of the hole p1 of the plate 15 extends to
the corresponding hole pl of the next plate 15 in the
lamination of the plates 15, and hence each of commu-
nications is blocked between the first fluid crossover path
m and the interplate second fluid paths 2, and between
the first fluid crossover path m and the interplate third
fluid paths f3.

[0023] Inorderto show the first fluid crossover path m,
and inlet and outlet paths i1, 01, i2, 02, i3 and 03 to be
described later on, FIG. 2 represents a vertical cross-
sectional view of the heat exchanger 13 with overlaps of
these flow paths being developed.

[0024] Amongthe fourholes plto p4forinletand outlet
path, the hole p4 located at a diagonal position to the
hole p1 forming the first fluid crossover path m constitutes
a first fluid inlet path i1 which extends between the head-
ers beside the other end of the interplate first fluid paths
f1 in the preceding-stage heat exchange section 13A in-
side the plate laminate. The hole p4 further constitutes
a first fluid outlet path ol which extends between the
headers beside the other end of the interplate first fluid
paths f1 in the succeeding-stage heat exchange section
13B inside the plate laminate. In a portion of the first fluid
inlet path i1 which pierces through the interplate second
fluid paths f2, and in a portion of the first fluid outlet path
01 which pierces through the interplate third fluid paths
3, the neck d of the hole p4 extends to the corresponding
hole p4 of the next plate 15 in the lamination of the plates
15, and hence each of communications is blocked be-
tween the first fluid inlet path i1 and the interplate second
fluid paths f2, and between the first fluid outlet path ol
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and the interplate third fluid paths 3.

[0025] Amongthe four holes plto p4 forinletand outlet
path, the hole p2 located adjacent, in the plate width di-
rection, to the hole pl forming the first fluid crossover
path m constitutes a second fluid inlet path i2 which ex-
tends between the headers beside the one end of the
interplate second fluid paths f2 in the preceding-stage
heat exchange section 13A inside the plate laminate. The
hole p2 further constitutes a third fluid outlet path 03
which extends between headers beside the one end of
the interplate third fluid paths f3 in the succeeding-stage
heat exchange section 13B inside the plate laminate. In
a portion of the second fluid inlet path i2 which pierces
through the interplate first fluid paths f1, and in a portion
of the third fluid outlet path 03 which pierces through the
interplate first fluid paths f1, the neck d of the hole p2
extends to the corresponding hole p2 of the next plate
15 in the lamination of the plates 15, and hence each of
communicationsis blocked between the second fluid inlet
path i2 and the interplate first fluid paths f1, and between
the third fluid outlet path 03 and the interplate first fluid
paths f1.

[0026] Among the four holes plto p4 forinletand outlet
path, the remaining hole p3 constitutes a second fluid
outlet path 02 which extends between the headers beside
the other end of the interplate second fluid paths f2 in the
preceding-stage heat exchange section 13A inside the
plate laminate, and constitutes a third fluid inlet path i3
which extends between the headers beside the other end
of the interplate third fluid paths f3 in the succeeding-
stage heat exchange section 13B inside the plate lami-
nate. In a portion of the second fluid outlet path 02 which
pierces through the interplate first fluid paths f1, and in
a portion of the third fluid inlet path i3 which pierces
through the interplate first fluid paths f1, the neck d of the
hole p3 of the plate 15 extends to the corresponding hole
p3 of the next plate 15 in the lamination of the plates 15,
as in the case of the other inlet and outlet paths, and
hence each of communications is blocked between the
second fluid outlet path 02 and the interplate first fluid
paths f1, and between the third fluid inlet path i3 and the
interplate first fluid paths f1.

[0027] Specifically, with the above structure, the first
fluid La flows as parallel streams from the first fluid inlet
path il into a plurality of the interplate first fluid paths f1
in the preceding-stage heat exchange section 13A. Sub-
sequently, the first fluid La having passed as parallel
streams through a plurality of the interplate first fluid paths
f1 in the preceding-stage heat exchange section 13A is
gathered at the firstfluid crossover path m, and then flows
as parallel streams into a plurality of the interplate first
fluid paths f1inthe succeeding-stage heat exchange sec-
tion 13B. Then, the first fluid La having passed as parallel
streams through a plurality of the interplate first fluid paths
f1 in the succeeding-stage heat exchange section 13B
is discharged in a gathered state from the first fluid outlet
path o1.

[0028] In contrast with this flow of the first fluid La, the
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second fluid Lc flows from the second fluid inlet path i2
into a plurality of the interplate second fluid paths f2 as
parallel streams in the preceding-stage heat exchange
section 13A. The second fluid Lc having passed through
aplurality of the interplate second fluid paths f2 as parallel
streams is discharged in a gathered state from the sec-
ond fluid outlet path 02, and hence the first fluid La (low
concentration absorption solution) exchanges heat with
the second fluid Lc (high concentration absorption solu-
tion) as countercurrent flows at a plurality of the paths in
the preceding-stage heat exchange section 13A.
[0029] Inthe succeeding-stage heat exchange section
13B, the third fluid Lb flows from the third fluid inlet path
i3 into a plurality of the interplate third fluid paths f3 as
parallel streams. The third fluid Lb having passed through
a plurality of the interplate third fluid paths 3 as parallel
streams is discharged in a gathered state from the third
fluid outlet path 03, and hence the first fluid La (low con-
centration absorption solution) which has exchanged
heat with the second fluid Lc (high concentration absorp-
tion solution) in the preceding-stage heat exchange sec-
tion 13A exchanges heat with the third fluid Lb (interme-
diate concentration absorption solution) as countercur-
rent flows at a plurality of the paths in the succeeding-
stage heat exchange section 13B.

[0030] The holes p1l constituting the first fluid crosso-
ver path m are blocked by the plates 15 located at both
ends in the plate laminating direction of the plate lami-
nate.

[0031] The plate laminate described above has a struc-
ture in which the preceding-stage heat exchange section
13A and the succeeding-stage heat exchange section
13B are arranged parallel in the plate laminating direc-
tion, and integrated. On the other hand, the two adjacent
plates 15 located at the boundary between the preceding-
stage heat exchange section 13A and the succeeding-
stage heat exchange section 13B block the holes p2 to
p4 exceptthe holes p1 constituting the first fluid crossover
path m. The neck d of one of the holes p1 constituting
the first fluid crossover path m in these two adjacent
plates 15 extends to the other corresponding hole p1.
The two adjacent plates 15 located at the boundary form
an airtight space under vacuum state. Thus, this inter-
plate airtight space under vacuum serves as a vacuum
heat insulating layer 16, for thereby preventing a heat
loss due to heat transfer between the preceding-stage
heat exchange section 13A and the succeeding-stage
heat exchange section 13B.

[0032] To produce the heat exchanger 13 of the above
structure, the plates 15 are laminated in such a state that
a brazing material is put between bonding-required por-
tions, such as the portions between folded-back periph-
eral edges of the adjacent plates 15, the portions between
the neck d of each of the holes p1 to p4 and each of the
corresponding holes p1to p4 to which the neck d extends,
and the like. These laminated plates are set into a vac-
uum furnace and heated under vacuum in the vacuum
furnace, and hence the bonding-required portions are
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brazed. Further, this brazing under vacuum results in the
bonding of the plates 15 and the formation of the above-
mentioned airtight space under vacuum as the vacuum
heat insulating layer 16 between the adjacent plates 15
located at the boundary between the preceding-stage
heat exchange section 13A and the succeeding-stage
heat exchange section 13B, at the same time.

[Another Embodiment]

[0033] Another embodiment will be described below.

[0034] The above embodiment shows an example in
which the portion between the two adjacent plates 15
located at the boundary between the preceding-stage
heat exchange section 13A and the succeeding-stage
heat exchange section 13B serves as the vacuum heat
insulating layer 16. However, as shown in FIG. 5, each
of the portions between three or more of the adjacent
plates 15 located atthe boundary between the preceding-
stage heat exchange section 13A and the succeeding-
stage heat exchange section 13B may form the vacuum
heat insulating layer 16.

[0035] In the above-mentioned embodiment, vacuum
brazing was used for bonding the plates 15 and forming
the vacuum heat insulating layer 16 at the same time.
However, with respect to the presentinvention according
to claim 4, as the case may be, an airtight space may be
formed between the plates 15 located at the boundary
between the two heat exchange sections 13A and 13B
by bonding the plates 15, and then a vacuum heat insu-
lating layer 16 may be formed by bleeding air from this
airtight space.

[0036] The higher effect of insulating heat can be ob-
tained, as the degree of vacuum in the vacuum heat in-
sulating layer 16 is higher. However, the proper degree
of vacuum in the vacuum heat insulating layer 16 may
be concretely determined depending on various condi-
tions. A high degree of vacuum is not always necessary
for the vacuum heat insulating layer 16.

[0037] Further, with respect to the present invention
according to claim 2, a heat insulating material or a gas
(e.g., a non-corrosive gas) may be filled between the
plates 15 located atthe boundary between the preceding-
stage heat exchange section 13A and the succeeding-
stage heat exchange section 13B to form a heat insulat-
ing layer between the plates 15, instead of providing the
vacuum heat insulating layer 16.

[0038] The number of the interplate fluid paths f1, f2
arranged parallel in the preceding-stage heat exchange
section 13A, and the number of the interplate fluid paths
f1, f3 arranged parallel in the succeeding-stage heat ex-
change section 13B may be determined by the required
amount of heat exchange, respectively, and is not re-
stricted to the number of them that was shown in the
above embodiment.

[0039] In order to implement the present invention ac-
cording to claim 6, various method can be applied as
concrete methods for brazing the plates 15 in a vacuum
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atmosphere. The degree of vacuum and a rarefied gas
during brazing may also be determined depending on
various conditions.

[0040] The plate heat exchanger for three fluids ac-
cording to the present invention can be applied not only
to exchange heat between absorption solutions in an ab-
sorption refrigerating machine, but also to exchange heat
between various fluids.

Industrial Applicability

[0041] The present invention relates to a plate heat
exchanger for three fluids, which flows two fluids alter-
nately between plates in a laminate of plates, whereby a
first fluid exchanges heat with a second fluid, and then
the first fluid further exchanges heat with a third fluid. The
present invention can be used for a refrigerator such as
an absorption refrigerating machine.

Claims

1. A plate heat exchanger (13) for three fluids, which
allows a first fluid (La) to exchange heat with a sec-
ond fluid (Lc), and then with a third fluid (Lb), char-
acterized in that:

in a plate laminate comprising many plates (15)
laminated one on another,

a preceding-stage heat exchange section (13A)
having interplate first fluid paths (f1) for passing
the first fluid (La) between the plates and inter-
plate second fluid paths (f2) for passing the sec-
ond fluid (Lc) between the plates is formed at
one side of the plate laminate in a plate laminat-
ing direction, said interplate first fluid paths (f1)
and said interplate second fluid paths (f2) being
positioned alternately in the plate laminating di-
rection;

a succeeding-stage heat exchange section
(13B) having interplate first fluid paths (f1) for
passing the first fluid (La) between the plates
and interplate third fluid paths (f3) for passing
the third fluid (Lb) between the plates is formed
at the other side of the plate laminate in a plate
laminating direction, said interplate first fluid
paths (f1) and said interplate third fluid paths (f3)
being positioned alternately in the plate laminat-
ing direction; and

a first fluid crossover path (m) is provided for
allowing the first fluid which has passed as par-
allel streams through a plurality of said interplate
first fluid paths in said preceding-stage heat ex-
change section (13A) to flow as parallel streams
into a plurality of said interplate first fluid paths
in said succeeding-stage heat exchange section
(13B),
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characterized in that

plates (15) located at a boundary between said pre-
ceding-stage heat exchange section (13A) and said
succeeding-stage heat exchange section (13B)
among the laminated plates form a heat insulating
layer (16) in which no fluid flows.

A plate heat exchanger for three fluids according to
claim 1, wherein:

each of the portions between three or more of
the adjacent plates (15) located at the boundary
between said preceding-stage heat exchange
section (13A) and said succeeding-stage heat
exchange section (13B) among the laminated
plates forms the heat insulating layer (16) in
which no fluid flows.

3. Aplate heat exchanger for three fluids according to

claim 1 or 2, wherein:

the plates (15) located at the boundary between
said preceding-stage heat exchange section
(13A) and said succeeding-stage heat ex-
change section (13B) among the laminated
plates form an airtight space under vacuum, and
said heat insulating layer (16) serves as a vac-
uum heat insulating layer.

4. A plate heat exchanger for three fluids according to

any one of claims 1 through 3, wherein:

said first fluid crossover path (m) extends to a
plurality of said interplate first fluid paths in said
preceding-stage heat exchange section (13A)
and a plurality of said interplate first fluid paths
in said succeeding-stage heat exchange section
(13B)insuch a state that said first fluid crossover
path (m) pierces through the plates (15) in the
plate laminating direction inside said plate lam-
inate.

5. A method for producing the plate heat exchanger for

three fluids according to claim 3, wherein:

said respective interplate fluid paths are formed
under vacuum, and simultaneously the plates
located at the boundary between said preced-
ing-stage heat exchange section (13A) and said
succeeding-stage heat exchange section (13B)
from the airtight space under vacuum as said
vacuum heat insulating layer (16), by brazing
the adjacent plates (15) of many laminated
plates.
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Patentanspriiche

1.

Plattenwarmetauscher (13) fir drei Fluide bzw. Stré-
mungsmittel, wobei der Warmetauscher gestattet,
dass ein erstes Fluid (La) mit einem zweiten Fluid
(Lc) und sodann mit einem dritten Fluid (Lb) in War-
meaustausch steht, dadurch gekennzeichnet,
dass

in einem mehrere Platten (15) miteinander laminiert
aufweisenden Plattenlaminat ein Warmetauschab-
schnitt (13A) der vorausgehenden Stufe gebildetist,
wobei dieser Warmetauschabschnitt (13A) erste
Zwischenplatten-Fluidpfade (f1) fir den Durchgang
des ersten Fluids (La) zwischen den Platten aufweist
und ferner zweite Zwischenplatten-Fluidpfade (f2)
fur den Durchgang des zweiten Fluids (Lc) zwischen
den Platten, wobei der Warmetauschabschnitt (13A)
an einer Seite des Plattenlaminats in einer Platten-
laminierungsrichtung gebildet ist, wobei ferner die
ersten Zwischenplatten-Fluidpfade (f1) und die zwei-
ten Zwischenplatten-Fluidpfade (f2) abwechselnd in
der Plattenlaminierungsrichtung positioniert sind;
ein Warmetauschabschnitt (13B) einer darauffol-
genden Stufe erste Zwischenplatten-Fluidpfade (f1)
fur den Durchgang des ersten Fluids (La) zwischen
den Platten aufweist und ferner dritte Zwischenplat-
ten-Fluidpfade (f3) fur den Durchgang des dritten
Fluids (Lb) zwischen den Platten, wobei der Warme-
tauschabschnitt (13B) an der anderen Seite des Plat-
tenlaminatsin einer Plattenlaminierungsrichtung ge-
bildet ist, wobei ferner die ersten Zwischenplatten-
Fluidpfade (f1) und die dritten Zwischenplatten-
Fluidpfade (f3) abwechselnd in der Plattenlaminie-
rungsrichtung positioniert sind; und

ein erster Fluidkreuzungspfad (m) vorgesehen ist,
und zwar um zu gestatten, dass das erste Fluid, wel-
ches in parallelen Strémen durch eine Vielzahl von
ersten Zwischenplatten-Fluidpfaden in dem Wéarme-
tauschabschnitt (13A) der vorausgehenden Stufe
gelaufen ist als parallele Strome in eine Vielzahl der
erwahnten ersten Zwischenplatten-Fluidpfade in
dem Warmetauschabschnitt (138) der darauffolgen-
den Stufe stromt,

dadurch gekennzeichnet, dass

Platten (15), angeordnet an einer Grenze zwischen
dem Warmetauschabschnitt (13A) der vorhergehen-
den Stufe und dem Wéarmetauschabschnitt (13B) der
darauf folgenden Stufe unter den laminierten Plat-
ten, eine Warmeisolierschicht (16), in der kein Fluid
flieR3t, bilden.

Plattenwarmetauscher fur drei Fluids nach Anspruch
1, wobei jeder der Teile zwischen den drei oder mehr
der benachbarten Platten (15), angeordnet an der
Grenze zwischen dem Warmetauschabschnitt (13A)
der vorhergehenden Stufe und dem Warmetausch-
abschnitt (13B) der darauf folgenden Stufe, unter
den laminierten Platten die Warmeisolierschicht (16)
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bildet, in der kein Fluid flief3t.

Plattenwarmetauscher fur drei Fluids nach Anspruch
1 oder 2, wobei die Platten (15), angeordnet an der
Grenze zwischen dem erwahnten Warmetauschab-
schnitt (13A) der vorhergehenden Stufe und dem
Warmetauschabschnitt (13B) der darauf folgenden
Stufe unter den laminierten Platten einen luftdichten
Raum unter Vakuum bilden, wobei die Warmeiso-
lierschicht (16) als eine Vakuumwérmeisolierschicht
dient.

Plattenwarmetauscher fur drei Fluids nach einem
der Anspriuche 1 bis 3, wobei der erwéhnte Fluid-
kreuzungspfad (m) sich zu einer Vielzahl der er-
wahnten ersten Zwischenplatten-Fluidpfade in dem
Warmetauschabschnitt (13A) der vorhergehenden
Stufe und einer Vielzahl der erwdhnten ersten Zwi-
schenplatten-Fluidpfade in der darauffolgenden Stu-
fe des Warmetauschabschnitts (13B) in einem sol-
chen Zustand erstreckt, dass der erste Kreuzungs-
pfad (m) die Platten (15) in der Plattenlaminierrich-
tung innerhalb des erwahnten Plattenlaminats
durchbohrt.

Verfahren zur Herstellung des Plattenwarmetau-
schers fur drei Fluide gemaf Anspruch 3, wobei Fol-
gendes vorgesehen ist:

die entsprechenden Zwischenplatten-Fluidpfa-
de werden unter Vakuum gebildet und gleich-
zeitig bilden die Platten, angeordnet an der
Grenze zwischen dem Warmetauschabschnitt
(13A) der vorhergehenden Stufe und dem Waér-
metauschabschnitt (13B) der darauffolgenden
Stufe, den luftdichten Raum unter Vakuum als
die erwahnte Vakuumwarmeisolierschicht (16),
und zwar durch Hartléten der benachbarten
Platten (15) von zahlreichen laminierten Platten.

Revendications

Echangeur de chaleur (13) a plaques destiné a trois
fluides, qui permet a un premier fluide (La) d’échan-
ger de la chaleur avec un deuxiéme fluide (Lc), puis
avec un troisieme fluide (Lb), caractérisé en ce
que :

dans un stratifié en plaques comprenant de
nombreuses plaques (15) stratifiées les unes
sur les autres,

une section (13A) d’échange de chaleur d’étape
précédente comportant des chemins inter pla-
ques (f1) pour premier fluide permettant de faire
passer le premier fluide (La) entre les plaques
et des chemins inter plaques (f2) pour deuxieme
fluide permettant de faire passer le deuxieme
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fluide (Lc) entre les plaque est formée d'un c6té
du stratifié en plaques, dans une direction de
stratification de plaque, lesdits chemins inter
plaques (f1) pour premier fluide et lesdits che-
mins inter plaques (f2) pour deuxieme fluide
étantpositionnés en alternance dansladirection
de stratification de plaque ;

une section (13B) d’échange de chaleur d’étape
suivante comportant des chemins inter plaques
(f1) pour premier fluide permettant de faire pas-
ser le premier fluide (La) entre les plaques et
des chemins inter plaques (f3) pour troisieme
fluide permettantde faire passer le troisieme flui-
de (Lb) entre les plaques est formée de 'autre
cOté du stratifié en plaques, dans une direction
de stratification de plaque, lesdits chemins inter
plaques (f1) pour premier fluide et lesdits che-
mins inter plaques (f3) pour troisieme fluide
étantpositionnés en alternance dans ladirection
de stratification de plaque ;

et un chemin (m) de traversée de premier fluide
est prévu pour permettre au premier fluide qui
est passé sous forme de flux paralléles a travers
une pluralité desdits chemins inter plaques pour
premier fluide dans ladite section (13A) d’échan-
ge de chaleur d’'étape précédente de s’écouler
sous forme de flux paralléles dans une pluralité
desdits chemins inter plaques pour premier flui-
de dans ladite section (13B) d’échange de cha-
leur d’étape suivante,

caractérisé en ce que

des plaques (15) situées au niveau d’une limite entre
ladite section (13A) d’échange de chaleur d'étape
précédente et ladite section (13B) d’échange de cha-
leur d’étape suivante parmi les plaques stratifiées
forment une couche d’isolation thermique (16) dans
laquelle aucun fluide ne s’écoule.

Echangeur de chaleur a plaques destiné a trois flui-
des selon la revendication 1, dans lequel :

chacune des portions entre au moins trois des
plaques adjacentes (15) situées au niveau de la
limite entre ladite section (13A) d’échange de
chaleur d'étape précédente et ladite section
(13B) d'échange de chaleur d'étape suivante
parmi les plaques stratifiées forme la couche
d’isolation thermique (16) dans laquelle aucun
fluide ne s’écoule.

3. Echangeur de chaleur a plaques destiné a trois flui-

des selon la revendication 1 ou 2, dans lequel :

les plaques (15) situées au niveau de la limite
entre ladite section (13A) d’échange de chaleur
d'étape précédente et ladite section (13B)
d’échange de chaleur d’étape suivante parmiles
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plaques stratifiées forment un espace étanche
al'air sous vide, et ladite couche d'isolation ther-
mique (16) fait office de couche d’isolation ther-
mique sous vide.

4. Echangeur de chaleur a plaques destiné a trois flui-
des selon I'une quelconque des revendications 1 a
3, dans lequel :

ledit chemin (m) de traversée de premier fluide 10
s'étend vers une pluralité desdits chemins inter
plagues pour premier fluide dans ladite section
(13A) d’échange de chaleur d'étape précédente
et vers une pluralité desdits chemins inter pla-
ques pour premier fluide dans ladite section 15
(13B) d’échange de chaleur d’étape suivante,
dans un état tel que ledit chemin (m) de traver-
sée de premier fluide perce atravers les plaques
(15) dans la direction de stratification de plaque
a l'intérieur dudit stratifié en plaques. 20

5. Procédé de production de I'échangeur de chaleur a
plaques destiné a trois fluides selon la revendication
3, dans lequel :

25
lesdits chemins inter plaques pour fluides res-
pectifs sont formés sous vide, et simultanément,
les plagues situées au niveau de la limite entre
ladite section (13A) d’échange de chaleur d’éta-
pe précédente et ladite section (13B) d’échange 30
de chaleur d’'étape suivante forment I'espace
étanche a I'air sous vide sous forme de ladite
couche d'isolation thermique (16) sous vide, par
brasage des plaques adjacentes (15) de nom-
breuses plaques stratifiées. 35
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