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(57) Provided is a heat exchanger capable of distrib- an outer side of an outer periphery of the cylindrical par-
uting a fluid evenly into a plurality of channels under var- tition wall. The cylindrical partition wall has a plurality of
ious conditions of the flow rate of the fluid. The heat ex- distribution holes (65). The following expression is satis-
changer includes: a channel forming section (51) having fied: L/d’XT1(d/2)"2>3 6>2S, where S represents a chan-
a plurality of arrayed fluid channels; a distribution path nel sectional area of the introduction path, d represents
forming section (53) having a distribution path (57) to a channel diameter of the introduction path, >c repre-
which inlets (55) of the plurality of arrayed fluid channels sents a sum of areas (o) of the plurality of distribution
communicate; and a cylindrical partition wall (59) provid- holes, L represents a length of array of the plurality of
ed in the distribution path forming section, for defining an distribution holes, and d’ represents a diameter of each
introduction path (63) on an inner side of the cylindrical of the plurality of distribution holes.

partition wall, the distribution path being positioned on
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Description

Technical Field

[0001] The present invention relates to a heat ex-
changer.

Background Art

[0002] Plate heat exchangers include a plurality of

stacked heat transfer plates each having corrugated pro-
jections and depressions formed in a plurality of arrays.
First channels and second channels are alternately
formed between pairs of the heat transfer plates, respec-
tively. Further, heat is exchanged between a first fluid
flowing through a first channel and a second fluid flowing
through a second channel.

[0003] Further, a plate heat exchanger disclosed in
Patent Literature 1 is intended to distribute a refrigerant
evenly through a distribution tube having a large number
of distribution holes, which is provided in a lower space
communicating to an inlet side of each of a plurality of
refrigerant channels.

Citation List
Patent Literature

[0004] [PTL 1] JP 08-504027 A

Summary of Invention
Technical Problems

[0005] Simple provision of the distribution tube having
the distribution holes in the lower space communicating
to the inlet side of each of the plurality of refrigerant chan-
nels may not achieve even distribution of the refrigerant
under various conditions of the flow rate of the refrigerant.
In particular, when the flow rate of the refrigerant is low,
the even distribution of the refrigerant very probably may
notbe able to achieve. In a case where the heat exchang-
erfunctions as an evaporator, a refrigerant in a gas-liquid
two phase state is caused to flow into the distribution
tube. When the refrigerantis caused to flow at a relatively
high flow rate, the refrigerant in the gas phase is caused
to flowin the vicinity of a tube axis, whereas the refrigerant
in the liquid phase is caused to flow in an annular pattern
around the refrigerant in the gas phase. In this manner,
the gas-liquid separation state occurs in a radial direction.
When the refrigerant is caused to flow at a relatively low
flow rate or low flow velocity, on the other hand, a large
amount of refrigerant in the liquid phase tends to flow
toward a deep side of the distribution tube due to an in-
ertial force. Further, a large amount of refrigerant in the
liquid phase exists on alower side of the distribution tube,
whereas a large amount of refrigerant in the gas phase
exists on an upper side of the distribution tube. In this
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manner, a gas-liquid separation state occurs in a vertical
direction. Thus, when the refrigerant is caused to flow at
a relatively low flow rate, there is such a tendency that
the refrigerant is difficult to flow out evenly through the
plurality of distribution holes over an extending direction
of the distribution tube. As described above, the gas-
liquid separation state is different between the flow at a
high flow rate and the flow at a low flow rate. In particular,
when the refrigerant is caused to flow at a low flow rate,
the refrigerant is difficult to distribute evenly into the plu-
rality of channels.

[0006] The present invention has been made in view
of the above, and it is therefore an object thereof to pro-
vide a heat exchanger capable of distributing a heat ex-
change fluid evenly into a plurality of channels under var-
ious conditions of the flow rate of the heat exchange fluid,
in particular, even in a case of a flow at a low flow rate.

Solution to Problems

[0007] In order to attain the above-mentioned object,
according to one embodiment of the present invention,
there is provided a heat exchanger, including: a channel
forming section having a plurality of arrayed fluid chan-
nels; a distribution path forming section having a distri-
bution path to which inlets of the plurality of arrayed fluid
channels communicate; and a cylindrical partition wall
provided in the distribution path forming section, the cy-
lindrical partition wall defining an introduction path on an
inner side of the cylindrical partition wall, the distribution
path being positioned on an outer side of an outer pe-
riphery of the cylindrical partition wall, in which the cylin-
drical partition wall has a plurality of distribution holes
each communicating the introduction path and the distri-
bution path to each other, and in which the following ex-
pression is satisfied: L/d’xT1(d/2)"2>36>2S, where S
represents a channel sectional area of the introduction
path, d represents a channel diameter of the introduction
path, >c represents a sum of areas (o) of the plurality of
distribution holes, L represents a length of array of the
plurality of distribution holes, and d’ represents a diam-
eter of each of the plurality of distribution holes.

Advantageous Effects of Invention

[0008] According to one embodiment of the present
invention, it is possible to distribute the heat exchange
fluid evenly into the plurality of channels under the various
conditions of the flow rate of the heat exchange fluid, in
particular, even in the case of the flow at the low flow rate.

Brief Description of Drawings
[0009]
FIG. 1 is a perspective view illustrating components

of a plate heat exchanger according to an embodi-
ment of the present invention.
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FIG. 2 is a side view illustrating the plate heat ex-
changer.

FIG. 3Ato 3D, eachis aviewillustrating plates, which
are main components of the plate heat exchanger.
FIG. 4 is a view illustrating a region in the vicinity of
a first fluid inlet of the plate heat exchanger.

FIG. 5 is a sectional view taken along the line V-V
of FIG. 4.

FIG. 6 is a perspective view illustrating a cylindrical
partition wall.

FIG. 7 is a sectional view taken along the line VII-VII
of FIG. 6.

FIG. 8 is a graph showing a relationship between
2.6/S and a distribution ratio D.

FIG. 9 is a graph showing the relationship between
> o/S and the distribution ratio D, and further showing
differences caused by an orientation of distribution
holes.

Description of Embodiments

[0010] Now, a heat exchanger according to embodi-
ments of the present invention is described with refer-
ence to the accompanying drawings. Note that, in the
drawings, the same reference symbols represent the
same or corresponding parts.

[0011] FIG. 1is a perspective view illustrating compo-
nents of a plate heat exchanger according to this embod-
iment, and FIG. 2 is a side view illustrating the plate heat
exchanger. Further,

[0012] FIG. 3Ato 3D, each is a view illustrating plates,
which are main components of the plate heat exchanger.
[0013] A plate heat exchanger 1 includes a front rein-
forcement side plate 3, a rear reinforcement side plate
5, and a plurality of front heat transfer plates 7 and a
plurality of rear heat transfer plates 9, which are stacked
between the reinforcement side plates.

[0014] At four corners of the front heat transfer plate
7, four openings, that is, a first fluid inlet 11, a first fluid
outlet 13, a second fluid inlet 15, and a second fluid outlet
17 are formed. Further, at four corners of each of the
front heat transfer plates 7 and the rear heat transfer
plates 9, four through-holes, that is, a first fluid advancing
hole 19, a first fluid returning hole 21, a second fluid ad-
vancing hole 23, and a second fluid returning hole 25 are
formed.

[0015] This embodiment describes such an example
that the plate heat exchanger 1 is used as an evaporator.
It is assumed that the first fluid is a refrigerant and the
second refrigerant is water. Specifically, as illustrated in
FIG. 1, the refrigerant indicated by the arrow A is caused
to flow into the plate heat exchanger 1 through the first
fluid inlet 11, then caused to flow through a plurality of
the first fluid advancing holes 19 and a plurality of the
first fluid returning holes 21, and is caused to flow out of
the plate heat exchanger 1 through the first fluid outlet
13. Further, the water indicated by the arrow B is caused
to flow into the plate heat exchanger 1 through the second
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fluid inlet 15, then caused to flow through a plurality of
the second fluid advancing holes 23 and a plurality of the
second fluid returning holes 25, and is caused to flow out
of the plate heat exchanger 1 through the second fluid
outlet 17.

[0016] Further, firstchannels and second channels are
alternately formed between pairs of the front heat transfer
plates 7 and the rear heat transfer plates 9, respectively.
Therefore, the refrigerant serving as the first fluid is sup-
plied to the plurality of first channels in a distributed man-
ner while flowing in a lower space including the plurality
of first fluid advancing holes 19 (in a strict sense, flowing
out through a large number of distribution holes of a dis-
tribution tube as described later), and is caused to flow
upward in a meandering manner as indicated by the ar-
row A1. Then, the refrigerant is collected in an upper
space including the plurality of first fluid returning holes
21, and is caused to flow out through the first fluid outlet
13. Similarly, the water serving as the second fluid is
supplied to the plurality of second channels in a distrib-
uted manner while flowing in a lower space including the
plurality of second fluid advancing holes 23, and is
caused to flow upward in a meandering manner as indi-
cated by the arrow B1. Then, the water is collected in an
upper space including the plurality of second fluid return-
ingholes 25, and is caused to flow out through the second
fluid outlet 17.

[0017] During a period in which the refrigerant serving
as the first fluid and the water serving as the second fluid
are caused to flow upward as indicated by the arrows A1
and B1, heat is exchanged between the refrigerant and
the water through intermediation of the corresponding
front heat transfer plate 7 or rear heat transfer plate 9,
which separates the refrigerant and the water from each
other. Each of the front heat transfer plate 7 and the rear
heat transfer plate 9 has corrugated projections and de-
pressions formed in a plurality of arrays, and the first
channel and the second channel are formed by such pro-
jections and depressions 27.

[0018] The heat exchanger of the presentinvention in-
cludes a channel forming section, a distribution path
forming section, and a cylindrical partition wall. Now, the
channel forming section, the distribution path forming
section, and the cylindrical partition wall are described.
FIG. 4 is a view illustrating a region in the vicinity of the
first fluid inlet of the above-mentioned plate heat ex-
changer, and FIG. 5 is a sectional view taken along the
line V-V of FIG. 4. Note that, FIG. 5 schematically illus-
trates the structure for clarity of the description. Further,
FIG. 6 is a perspective view illustrating the cylindrical
partition wall, and FIG. 7 is a sectional view taken along
the line VII-VII of FIG. 6.

[0019] Achannelforming section 51isa section having
a plurality of arrayed fluid channels. Regions having an
upward flow of the fluid in the front heat transfer plates
7 and the rear heat transfer plates 9 described above
function as the channel forming section 51. That is, the
plurality of first channels arrayed in a stacking direction
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of the front heat transfer plates 7 and the rear heat trans-
fer plates 9 and the plurality of second channels arrayed
similarly in the stacking direction correspond to the plu-
rality of arrayed fluid channels.

[0020] A distribution path forming section 53 is a sec-
tion having a distribution path 57 to which inlets 55 of the
plurality of fluid channels communicate. Regions having
a lateral flow (flow passing through each of the first fluid
advancing holes 19 and the second fluid advancing holes
23) of the fluid in the front heat transfer plates 7 and the
rear heat transfer plates 9 function as the distribution
path forming section 53.

[0021] A cylindrical partition wall 59 is provided in the
distribution path forming section 53. In a specific example
of this embodiment, the cylindrical partition wall 59 cor-
responds to a cylindrical distribution tube 61 inserted into
the plurality of first fluid advancing holes 19 or the plurality
of second fluid advancing holes 23. The distribution path
57 is formed into an annular shape on an outer side of
an outer periphery of the distribution tube 61. Further, an
introduction path 63 defined by an inner surface of the
distribution tube 61 is formed on an inner side of the dis-
tribution tube 61.

[0022] A plurality of distribution holes 65 are formed in
the distribution tube 61. The plurality of distribution holes
65 each communicate the introduction path 63 and the
distribution path 57 to each other. The plurality of distri-
bution holes 65 are arrayed along an extending direction
of the distribution tube 61, that is, along the stacking di-
rection of the front heat transfer plates 7 and the rear
heat transfer plates 9.

[0023] Inthis embodiment, asillustratedin FIGS. 6 and
7, all of the plurality of distribution holes 65 are circular
through-holes, which are formed at substantially the
same size. Further, the plurality of distribution holes 65
are arranged at regular intervals. In addition, as illustrat-
ed in FIG. 5, dimensions h of the fluid channels in an
array direction are set equal to each other.

[0024] As illustrated mainly in FIG. 5, the inlets 55 of
the plurality of fluid channels communicate to the distri-
bution path 57 at positions above the cylindrical partition
wall 59. Further, as illustrated in FIG. 7, 60% or more of
the plurality of distribution holes 65 are formed in a down-
ward orientation in the cylindrical partition wall 59. That
is, assuming that the upper side, on which the inlets 55
of the plurality of fluid channels exist, is 0° with respect
to the distribution tube 61, the plurality of distribution
holes 65 are formed at 180°-positions on the lower side
opposite to the inlets 55.

[0025] A diameter d’ of each of the plurality of distribu-
tion holes 65 is set to 40% to 100% of the dimension h
of each of the fluid channels in the array direction. Fur-
ther, the respective related portions are formed so that
the following expression is satisfied:

L/d'xm(d/2) "2>50228
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where S represents a channel sectional area of the in-
troduction path 63 (in a cross section taken in a direction
perpendicular to the array direction of the fluid channels),
d represents a channel diameter of the introduction path
63, >o represents a sum of areas o of the plurality of
distribution holes 65, L represents a length of array of
the plurality of distribution holes 65 (length between an
upstream edge portion of the distribution hole at the end
of the upstream side and a downstream edge portion of
the distribution hole at the end of the downstream side),
and d’ represents a diameter of each of the distribution
holes 65.

[0026] With the structure described above, for exam-
ple, the first fluid firstis caused to flow into the distribution
tube 61 serving as the cylindrical partition wall 59 through
the first fluid inlet 11, then caused to flow through the
introduction path 63, and is caused to flow out of the
distribution tube 61 into the distribution path 57 through
the plurality of distribution holes 65. Further, the first fluid
in the distribution path 57 is caused to flow through the
inlets 55 of the respective channels so as to be distributed
into the respective fluid channels. Then, flows of the first
fluid are caused to flow upward through the respective
channels.

[0027] In the above-mentioned plate heat exchanger
according to this embodiment, the relationship between
the introduction path and the plurality of distribution holes
is set to 26>2S, and thus even distribution of liquid or
even distribution of gas and liquid into the respective fluid
channels is promoted greatly. That s, a partition wall por-
tion of the distribution tube, which separates the adjacent
distribution holes from each other, serves as a resistor
so that the pressure distribution of the fluid is equalized
and a rectification effect is obtained. As a result, even
distribution of the fluid into the respective fluid channels
is promoted. Thus, heat is exchanged evenly in the re-
spective channels irrespective of the single phase and
the gas-liquid two phases. In particular, in the case of the
gas-liquid two phases, the first fluid easily forms an an-
nular flow in the distribution tube, or easily forms a ho-
mogeneous flow due to the above-mentioned partition
wall portion. As a result, even distribution of gas and liquid
can be achieved.

[0028] Now, description is given of even distribution
property obtained by the plate heat exchanger according
to this embodiment. FIG. 8 is a graph showing a relation-
ship between }.¢/S and a distribution ratio D. In FIG. 8,
the horizontal axis represents >.c/S, and the vertical axis
represents the distribution ratio D. The distribution ratio
D is calculated by Expression (1):

[Expression 1]

D= \/l/n X i(Yi —my

i=1
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[0029] In this case, G represents a total flow rate of a
fluid of interest, G; represents a flow rate of the fluid in
each channel, n represents the number of channels
branched from the distribution path, and i represents a
number of a channel branched from the distribution path,
forindicating a specific position of the channelin an order
of from the upstream side toward the downstream side.
Further, Y;= (G/G) X100 . Thatis, Y; represents a distri-
bution ratio of each flow rate of the fluid with respect to
the total flow rate. The symbol m represents a target dis-
tribution ratio for achieving even distribution, and
m=(1/G)*(G/n)*100.

[0030] As is apparent from FIG. 8, irrespective of
whether the flow rate of the fluid is high, medium, or low,
when >¢/S is 2 or more, it is found that the change in
distribution ratio D is stably suppressed at a low level
relative to the change in o/S. Thatis, in arange in which
2.c/Sis smallerthan 2, the distribution ratio D significantly
fluctuates along a curved line relative to the change in
>.0/S, whereas when >6/S is 2 or more, the change in
distribution ratio D is suppressed into a flat change rela-
tive to 2.6/S. Further, from the viewpoint of the difference
in flow rate, in particular, in the case of the flow at a low
flow rate, in the range in which >c/S is smaller than 2, it
is found that the distribution ratio D is significantly high.
Further, from the viewpoint of manufacture, itis preferred
that the distribution ratio D be set as small as possible.
As described above, when >.6/S is 2 or more, the fluid
can be distributed evenly into the plurality of channels
under various conditions of the flow rate of the fluid, in
particular, even in the case of the flow at a low flow rate.
Note that, in actual use, it is preferred that >.6/S be set
within a range of from 2 to 3, approximately.

[0031] Further, when Yo>L/d’XT1(d/2)*2, the above-
mentioned effect of the partition wall portion for forming
the homogeneous flow cannot be obtained, and hence
even distribution of gas and liquid becomes difficult. Fur-
ther, the adjacent distribution holes may communicate
to each other, and hence the difficulty in processing is
increased, with the result that the processing cost is in-
creased. In this embodiment, the above-mentioned in-
convenience can be suppressed under the condition that
L/d’XT1(d/2)"2>3 6.

[0032] Further, in this embodiment, 60% or more of the
plurality of distribution holes are formed in the downward
orientation as described above. FIG. 9 shows advantag-
es of this structure. FIG. 9 is a graph showing the rela-
tionship between Y.6/S and the distribution ratio D simi-
larly to FIG. 8, and further showing differences caused
by the orientation of the distribution holes. The results
shown in FIG. 9 reveal that, irrespective of whether the
flow rate of the fluid is high, medium, or low, the distribu-
tion ratio becomes even lower in the structure in which
the distribution holes are formed in the downward orien-
tation (indicated by the dotted lines) than in the structure
in which 60% or more of the distribution holes are not
formed in the downward orientation (indicated by the sol-
id lines). In particular, under the condition that the flow
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rate is lower, itis found that the distribution ratio becomes
lower more significantly. This is because even distribu-
tion of gas and liquid into the respective channels is pro-
moted due to the facts that the liquid having high density
and being liable to accumulate on the lower side of the
introduction path sequentially is caused to flow out from
the inflow side of the distribution tube in its longitudinal
direction and therefore the amount of liquid flowing to-
ward a deep side of the distribution tube in its longitudinal
direction can be reduced, and that the amount of liquid
is easily maintained in the distribution tube and therefore
the pressure distribution can be equalized in the longitu-
dinal direction. In particular, even under a state in which
the annular flow cannot be maintained due to, for exam-
ple, the case of a low flow rate or a low flow velocity,
when the distribution holes are formed in the downward
orientation, vapor is caused to flow out from the lower
side, on which the liquid accumulates, and hence the
liquid is also caused to flow out along with the flow of the
vapor, with the result that the gas and liquid can be
caused to flow out homogeneously while being mixed
with each other. Further, even in the case of the single-
phase flow, the temperature distribution in the longitudi-
nal direction, which is caused by a drift, is equalized
through the equalization of the pressure distribution, and
thus even distribution can be achieved.

[0033] Further, in this embodiment, the diameter d’ of
each of the plurality of distribution holes is set to 40% to
100% of the dimension h of each of the fluid channels in
the array direction. Thus, even distribution into the re-
spective channels can be achieved. In addition, the re-
sistance of the distribution holes is small, and accordingly
there is an advantage in that the even distribution can be
maintained even when the flow rate is reduced.

[0034] As described above, with the plate heat ex-
changer according to this embodiment, the fluid can be
distributed evenly into the plurality of channels under var-
ious conditions of the flow rate of the fluid. Further, the
present invention is also applicable to a refrigeration cy-
cle system including the plate heat exchanger used as
an evaporator and a condenser within a refrigeration cy-
cle. Accordingly, it is possible to attain a refrigeration cy-
cle system having excellent heat exchange performance
and high reliability.

[0035] Although the details of the presentinvention are
specifically described above with reference to the pre-
ferred embodiments, it is apparent that persons skilled
in the art may adopt various modifications based on the
basic technical concepts and teachings of the present
invention.

[0036] The present invention is not limited to the ap-
plication to the plate heat exchanger, but is widely appli-
cable to a heat exchanger including a plurality of arrayed
heat exchange fluid channels, and a distribution path to
which inlets of the fluid channels communicate. For ex-
ample, the present invention is applicable to a flat-tube
heat exchanger.
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Reference Signs List

[0037] 1 plate heat exchanger, 7 front heat transfer
plate, 9 rear heat transfer plate, 51 channel forming sec-
tion, 53 distribution path forming section, 55 inlet, 57 dis-
tribution path, 59 cylindrical partition wall, 61 distribution
tube, 63 introduction path, 65 distribution hole

Claims
1. A heat exchanger, comprising:

a channel forming section having a plurality of
arrayed fluid channels;

a distribution path forming section having a dis-
tribution path to which inlets of the plurality of
arrayed fluid channels communicate; and

a cylindrical partition wall provided in the distri-
bution path forming section, for defining an in-
troduction path on an inner side of the cylindrical
partition wall, the distribution path being posi-
tioned on an outer side of an outer periphery of
the cylindrical partition wall,

wherein the cylindrical partition wall has a plu-
rality of distribution holes each communicating
the introduction path and the distribution path to
each other, and

wherein the following expression is satisfied:

L/d'xm(d/2) "2>50228

where S represents a channel sectional area of
the introduction path, d represents a channel di-
ameter of the introduction path, >c represents
a sum of areas (o) of the plurality of distribution
holes, L represents a length of array of the plu-
rality of distribution holes, and d’ represents a
diameter of each of the plurality of distribution
holes.

2. A heat exchanger according to claim 1, wherein the
diameter (d’) of the each of the plurality of distribution
holes is set to 40% to 100% of a dimension (h) of
each of the plurality of arrayed fluid channels in an
array direction.

3. A heat exchanger according to claim 1 or 2,
wherein the channel forming section comprises a
plurality of stacked heat transfer plates each having
projectionsand depressions formed in a plurality of
arrays,
wherein the channel forming section defines first
channels and second channels, which are alternate-
ly formed between pairs of the plurality of stacked
heat transfer plates,
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wherein the channel forming section is configured to
exchange heat between a first fluid flowing through
each of a plurality of the first channels and a second
fluid flowing through each of a plurality of the second
channels, and

wherein the plurality of arrayed fluid channels com-
prise the plurality of the first channels.

A refrigeration cycle system, comprising the heat ex-
changer according to any one of claims 1 to 3.
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