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Description
{Technical Field}

[0001] The present invention relates to a refrigerant
evaporator provided in a refrigeration cycle, and in par-
ticular, to an aluminum-alloy refrigerant evaporator suit-
able for applying to a vehicle air conditioner and an air
conditioner employing the same.

{Background Art}

[0002] As a refrigerant evaporator employed in a re-
frigeration cycle of a vehicle air conditioner, there is a
known all-aluminum-alloy refrigerant evaporator, which
is configured including numerous refrigerant tubes that
have refrigerant channels for flowing refrigerant in a ver-
tical direction, that are numerously arranged in parallel
in a direction orthogonal to a flow direction of the air flow-
ing outside of the refrigerant channel, and that are also
arranged in a plurality of rows, front-to-back, parallel to
the flow direction of the air; and a pair of top and bottom
tanks that are arranged in a direction orthogonal to the
flow direction of the air, that are connected to the numer-
ousrefrigerant tubes at both top and bottom ends thereof,
and whose interior is partitioned by a partition wall into a
first tank portion and a second tank portion in a row di-
rection, corresponding to the plurality of rows of the re-
frigerant tubes, thereby performing distribution and col-
lection of the refrigerant, wherein the refrigerant that has
flowed in from a refrigerant inlet sequentially flows
through the refrigerant tubes in a plurality of blocks di-
vided by partition plates provided ata plurality of locations
in the tanks so as to perform heat exchange with the air
to cool the air.

[0003] PatentLiterature 1discloses arefrigerant evap-
orator having the above-described configuration, in
which one of the plurality of blocks is a U-turn block por-
tion wherein the refrigerant flows into the first tank portion
of the top tank from a direction parallel to the partition
wall, flows to the second tank portion from this first tank
portion via a side refrigerant channel, and further flows
while being distributed to the plurality of refrigerant tubes
from the first tank portion and the second tank portion,
respectively. In addition, in the disclosure in Patent Lit-
erature 2, a plurality of communication holes are bored
in the partition wall to allow the refrigerant collected in
the second tank portion of the top tank upon flowing
through the plurality of refrigerant tubes to directly flow
into the first tank portion separated by the partition wall.

{Citation List}
{Patent Literature}
[0004]

{Patent Literature 1} The Publication of Japanese
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Patent No. 3637314.
{Patent Literature 2} The Publication of Japanese
Patent No. 3391339.

{Summary of Invention}
{Technical Problem}

[0005] However, with the refrigerant evaporator dis-
closed in Patent Literature 1 described above, in the U-
turn block portion of the top tank located at the top, liquid
refrigerant is prone to flow into the refrigerant tubes on
the front side with respect to an inflow direction of the
refrigerant due to inertia, and thus, in some cases, the
liquid refrigerant that has flowed into the second tank
portion from the first tank portion cannot adequately
reach the back-most end thereof. Consequently, there is
a problem in that the liquid refrigerant is unevenly distrib-
uted to the plurality of refrigerant tubes connected to the
second tank portion, creating portions where effective
heat exchange does not occur with the air flowing outside
of the refrigerant tubes, which thereby deteriorates the
heat-exchange performance.

[0006] Onthe other hand, in the refrigerant evaporator
disclosed in Patent Literature 2 described above, al-
though the plurality of communication holes are bored in
the partition wall partitioning the first tank portion and the
second tank portion, these are for allowing the refrigerant
collected in the second tank portion of the top tank to flow
directly to the first tank portion separated by the partition
wall, and there is no suggestion that, in the U-turn block
portion of the top tank, the liquid refrigerant that has
flowed into the first tank portion of the top tank from a
direction parallel to the partition wall is evenly distributed
over the entire region in the length direction of both the
first tank portion and the second tank portion constituting
the U-turn block portion.

[0007] Furthermore, when boring the plurality of com-
munication holes in the partition wall that partitions be-
tween the tanks, stress exerted inside the tanks due to
refrigerant pressure acts on wall surfaces between the
plurality of communication holes, and this affects the
pressure-withstanding strength of the tanks. Therefore,
in order to ensure the pressure-withstanding strength of
the tanks, it is necessary to form communication holes
in the partition walls with restrictive conditions, such as
the inability to increase the plate thickness, ensuring a
function for evenly distributing refrigerant, ensuring ad-
equate opening area, etc., while preventing an increase
in pressure loss of the refrigerant.

[0008] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide a refrigerant evaporator that is
capable of enhancing heat-exchange performance by
achieving an even distribution of liquid refrigerant to a
plurality of refrigerant tubes connected to a first tank por-
tion and a second tank portion of a U-turn block portion
and also capable of ensuring adequate pressure-with-
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standing strength of the tank portions, as well as an air
conditioner employing the same.

{Solution to Problem}

[0009] To solve the above-described problems, a re-
frigerant evaporator of the present invention and an air
conditioner employing the same adopt the following so-
lutions.

Thatis, arefrigerant evaporator according to afirstaspect
of the present invention is a refrigerant evaporator made
of aluminum alloy including numerous refrigerant tubes
that have refrigerant channels for flowing refrigerant in a
vertical direction, that are numerously arranged in paral-
lel in a direction orthogonal to a flow direction of an ex-
ternal fluid that flows outside of the refrigerant channels,
and that are arranged in a plurality of rows, front-to-back,
parallel to the flow direction of the external fluid; and a
pair of top and bottom tanks that are arranged in the
direction orthogonal to the flow direction of the external
fluid and connected at top and bottom ends of the nu-
merous refrigerant tubes, the interior of which is parti-
tioned in a row direction corresponding to the plurality of
rows of the refrigerant tubes into a first tank portion and
a second tank portion by a partition wall, and that distrib-
ute or collect the refrigerant, the tanks being provided
with a refrigerant inlet and a refrigerant outlet, and the
refrigerant that has flowed in from the refrigerant inlet
sequentially flowing through the refrigerant tubes of a
plurality of blocks divided by partition plates provided in
a plurality of locations in the tanks, after which the refrig-
erant flows out from the refrigerant outlet, wherein one
of the plurality of blocks is a U-turn block portion in which
the refrigerant flows into the first tank portion or the sec-
ond tank portion of the top tank from a direction parallel
to the partition wall and, from there, flows into the other
tank portion, thereby being distributed to the plurality of
refrigerant tubes from the first tank portion and the sec-
ond tank portion, respectively, on the partition walls that
partition the first tank portions and the second tank por-
tions of the top and bottom tanks in the U-turn block por-
tion, a plurality of refrigerant-distribution holes, which
communicate between the first tank portions and the sec-
ond tank portions, are provided parallel to the length di-
rection of the partition walls, and for the refrigerant-dis-
tribution holes, assuming the distance between the plu-
rality of holes as b, the hole length in the hole-row direc-
tion as a, and the thickness of the partition wall as t, a/b
is set to a/b <-0.0697 X t2 + 0.3274 X t + 0.4594, where
t=1to2mm.

[0010] With the first aspect of the present invention,
because, in the U-turn block portion, liquid refrigerant in
gas-liquid two-phase refrigerant that has flowed into the
first tank portion or the second tank portion from a direc-
tion parallel to the partition wall can be flowed into both
of the first tank portion and the second tank portion of
the U-turn block portion substantially evenly over the en-
tire region thereof in the refrigerant inflow direction, while
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being sequentially distributed into the other tank portion
by the plurality of refrigerant-distribution holes provided
in the direction parallel to the length direction of the par-
tition walls, it becomes possible to substantially evenly
distribute the liquid refrigerant to the plurality of refriger-
ant tubes connected to the first tank portion and the sec-
ond tank portion.

Therefore, the liquid refrigerant, which mainly contributes
to the cooling of the external fluid, is more evenly distrib-
uted, thereby making it possible to enhance the heat-
exchange performance of the refrigerant evaporator. In
addition, assuming the distance between the plurality of
holes of the refrigerant-distribution holes as b, hole length
in the hole-row direction as a, and thickness of the par-
tition wall as t, a/b is set to a/b < -0.0697 X t2 + 0.3274
X t+0.4594, where t = 1 to 2 mm); thus, it is possible to
set the inter-hole distance of the plurality of refrigerant-
distribution holes provided in the partition walls to a size
at which at least a pressure-withstanding pressure of
2.55 MPa or greater can be satisfied. Therefore, it be-
comes possible to readily increase the pressure-with-
standing strength of the tank portions against the internal
pressure by optimizing various sizes of the refrigerant-
distribution holes in the partition walls, which have re-
stricted configurations.

[0011] Furthermore, in the above-described refriger-
ant evaporator, it is desirable that a/b of the refrigerant-
distribution hole be set to a/b <-0.0744 X t2 + 0.3577 X
t+0.3786, wheret =1 to 2 mm.

According to this configuration, because a/b of the refrig-
erant-distribution holes is set to a/b < -0.0744 X t2 +
0.3577 X t + 0.3786, where t = 1 to 2, the inter-hole
distance between the plurality of refrigerant-distribution
holes can be set to a size that makes it possible to satisfy
atleast 3.3 MPa or greater break-down pressure. There-
fore, itis possible to readily further increase the pressure-
withstanding strength of the tank portions against the in-
ternal pressure by optimizing various sizes of the refrig-
erant-distribution holes.

[0012] Furthermore, in the above-described refriger-
ant evaporator, it is desirable that a/b of the refrigerant-
distribution holes be set to a/b < -0.0763 X t2 + 0.3810
X t+0.2847, wheret=1to 2 mm.

[0013] According to this configuration, because a/b of
the refrigerant-distribution holes is set to a/b <-0.0763
X t2 +0.3810 X t + 0.2847, where t = 1 to 2, the inter-
hole distance between the plurality of refrigerant-distri-
bution holes can be set to a size that makes it possible
to satisfy at least 4.5 MPa or greater break-down pres-
sure, even if the variability thereof is taken into consid-
eration. Therefore, it is possible to readily and assuredly
ensure the pressure-withstanding strength of the tank
portions against the internal pressure by optimizing var-
ious sizes of the group of refrigerant-distribution holes.
[0014] In addition, in any one of the refrigerant evap-
orators mentioned above, it is desirable that the refriger-
ant-distribution holes be elongated holes made longer in
a direction orthogonal to the hole-row direction of the
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refrigerant-distribution holes.

[0015] According to this configuration, because the re-
frigerant-distribution holes are elongated holes made
longerinthe direction orthogonal to the hole-row direction
of the refrigerant-distribution holes, it is possible to set
the opening area of the refrigerant-distribution holes to
a size allowing passage of the refrigerant without increas-
ing the pressure loss thereof, while ensuring the pres-
sure-withstanding strength of the tank portions by making
a/b of the plurality of refrigerant-distribution holes small.
Therefore, the pressure-withstanding strength of the tank
portions can be increased while eliminating the influence
on the heat-exchange performance by suppressing an
increase in pressure loss of the refrigerant due to the
refrigerant-distribution holes.

[0016] Furthermore, a refrigerant evaporator accord-
ing to a second aspect of the present invention is a re-
frigerant evaporator made of aluminum alloy including
numerous refrigerant tubes that have refrigerant chan-
nels for flowing refrigerant in a vertical direction, that are
numerously arranged in parallel in a direction orthogonal
to a flow direction of an external fluid that flows outside
of the refrigerant channels, and that are arranged in a
plurality of rows, front-to-back, parallel to the flow direc-
tion of the external fluid; and a pair of top and bottom
tanks that are arranged in the direction orthogonal to the
flow direction of the external fluid and connected at top
and bottom ends of the numerous refrigerant tubes, the
interior of which is partitioned in a row direction corre-
sponding to the plurality of rows of the refrigerant tubes
into a first tank portion and a second tank portion by a
partition wall, and that distribute or collect the refrigerant,
the tanks being provided with a refrigerant inlet and a
refrigerant outlet, and the refrigerant that has flowed in
from the refrigerant inlet sequentially flowing through the
refrigerant tubes of a plurality of blocks divided by parti-
tion plates provided in a plurality of locations in the tanks,
after which the refrigerant flows out from the refrigerant
outlet, wherein one of the plurality of blocks is a U-turn
block portion in which the refrigerant flows into the first
tank portion or the second tank portion of the top tank
from a direction parallel to the partition wall and, from
there, flows into the other tank portion, thereby being
distributed to the plurality of refrigerant tubes from the
first tank portion and the second tank portion, respective-
ly, on the partition walls that partition the first tank portions
and the second tank portions of the top and bottom tanks
in the U-turn block portion, a plurality of refrigerant-dis-
tribution holes, which communicate between the first tank
portion and the second tank portion, are provided parallel
to the length direction of the partition wall, and the refrig-
erant-distribution holes are elongated holes made longer
in a direction orthogonal to the hole-row direction of the
refrigerant-distribution holes.

[0017] Withthe secondaspectofthe presentinvention,
because, in the U-turn block portion, liquid refrigerant in
gas-liquid two-phase refrigerant that has flowed into the
first tank portion or the second tank portion from a direc-
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tion parallel to the partition wall can be flowed into both
of the first tank portion and the second tank portion of
the U-turn block portion substantially evenly over the en-
tire region thereof in the refrigerant inflow direction, while
being sequentially distributed into the other tank portion
by the plurality of refrigerant-distribution holes provided
in the direction parallel to the length direction of the par-
tition walls, it becomes possible to substantially evenly
distribute the liquid refrigerant to the plurality of refriger-
ant tubes connected to the first tank portion and the sec-
ond tank portion.

Therefore, the liquid refrigerant, which mainly contributes
to the cooling of the external fluid, is more evenly distrib-
uted, thereby making it possible to enhance the heat-
exchange performance of the refrigerant evaporator.
Furthermore, because the refrigerant-distribution holes
are elongated holes made longer in the direction orthog-
onal to the hole-row direction of the refrigerant-distribu-
tion holes, it is possible to set the inter-hole distance of
the plurality of refrigerant distribution holes to a size that
satisfies adequate pressure-withstanding pressure or
break-down pressure, while setting the opening area of
the plurality of refrigerant-distribution holes to a size al-
lowing passage of the refrigerant without increasing the
pressure loss thereof. Therefore, it is possible to readily
increase the pressure-withstanding strength of the tank
portions against the internal pressure by optimizing the
hole shape of the refrigerant-distribution holes while sup-
pressing the increase in pressure loss of the refrigerant
in the partition walls, which have restricted configura-
tions.

[0018] Furthermore, in any one of the refrigerant evap-
orators mentioned above, itis desirable that the elongat-
ed holes be elliptical holes or elongated circular holes.
[0019] According to this configuration, because the
elongated holes are elliptical holes or elongated circular
holes, it is possible to set the inter-hole distance of the
refrigerant distribution holes to a size that satisfies ade-
quate pressure-withstanding pressure or break-down
pressure, while setting the opening area of the plurality
of refrigerant-distribution holes to a size allowing pas-
sage of the refrigerant without increasing the pressure
loss thereof. Therefore, it is possible to readily increase
the pressure-withstanding strength of the tank portions
against the internal pressure by optimizing the hole
shape of the refrigerant-distribution holes, while eliminat-
ing the influence on the heat-exchange performance by
suppressing an increase in pressure loss of the refriger-
ant due to the refrigerant-distribution holes.

[0020] Furthermore, in an air conditioner according to
a third aspect of the present invention, any one of the
above-described refrigerant evaporators is employed as
a refrigerant evaporator provided in a refrigeration cycle.
[0021] According to the third aspect of the present in-
vention, the refrigerant evaporator provided in the refrig-
eration cycle is one of the above-described refrigerant
evaporators, the performance of the air conditioner can
be enhanced by performance enhancement of the refrig-
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erant evaporator, and, simultaneously, the reliability of
the air conditioner can be enhanced by increasing the
pressure-withstanding strength of the refrigerant evapo-
rator.

[0022] According to the refrigerant evaporators of the
present invention, because liquid refrigerant in gas-liquid
two-phase refrigerant that has flowed in from a direction
parallel to the partition wall can be flowed into both of the
first tank portion and the second tank portion of the U-
turn block portion formed in the top tank, nearly evenly
distributed over the entire region thereof in the refrigerant
inflow direction, the liquid refrigerant is more evenly dis-
tributed to the plurality of refrigerant tubes connected to
the first tank portion and the second tank portion, thereby
making it possible to enhance the heat-exchange per-
formance of the evaporator. In addition, because itis pos-
sible to set the inter-hole distance of the plurality of re-
frigerant-distribution holes provided in the partition walls
to a size at which at least a pressure-withstanding pres-
sure of 2.55 MPa or greater can be satisfied, it becomes
possible to readily ensure the pressure-withstanding
strength of the tank portions against the internal pressure
by optimizing various sizes of the refrigerant-distribution
holes in the partition walls, which have restricted config-
urations.

[0023] In addition, according to the refrigerant evapo-
rators of the present invention, by configuring the refrig-
erant-distribution holes provided in the partition walls as
elongated holes made longer in the direction orthogonal
to the hole-row direction of the refrigerant-distribution
holes, it is possible to set the inter-hole distance of the
plurality of refrigerant distribution holes to a size that sat-
isfies adequate pressure-withstanding pressure or
break-down pressure, while setting the opening area of
the plurality of refrigerant-distribution holes to a size al-
lowing passage of the refrigerant without increasing the
pressure loss thereof; therefore, it is possible to readily
increase the pressure-withstanding strength of the tank
portions against the internal pressure by optimizing the
hole shape of the refrigerant-distribution holes while sup-
pressing the increase in pressure loss of the refrigerant
in the partition walls, which have restricted configura-
tions.

[0024] Furthermore, according to the air conditioner of
the present invention, the performance of the air condi-
tioner can be enhanced by enhancing the performance
of the refrigerant evaporator, and, simultaneously, the
reliability of the air conditioner can be enhanced by in-
creasing the pressure-withstanding strength of the refrig-
erant evaporator.

{Brief Description of Drawings}
[0025]
{Fig. 1} Fig. 1 is a perspective view of a refrigerant

evaporator according to a first embodiment of the
present invention.
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{Fig. 2} Fig. 2 is an exploded perspective view of the
refrigerant evaporator shown in Fig. 1.

{Fig. 3A} Fig. 3A is a front view of the refrigerant
evaporator shown in Fig. 1.

{Fig. 3B} Fig. 3B is a right side view of the refrigerant
evaporator shown in Fig. 1.

{Fig. 4} Fig. 4 is a side view of a partition wall to be
provided in a top tank and a bottom tank of the re-
frigerant evaporator shown in Fig. 1.

{Fig. 5} Fig. 5 is a plan view showing the refrigerant
distribution in a U-turn block portion in the refrigerant
evaporator shown in Fig. 1.

{Fig. 6} Fig. 6 is a plan view showing the refrigerant
distribution in a U-turn block portion in a refrigerant
evaporator according to a second embodiment of
the present invention.

{Fig. 7} Fig. 7 is an analytical graph showing the re-
lationship between the break-down pressure P of
tank partition portions and a ratio a/b of hole length
ain the hole-row direction of a plurality of refrigerant-
distribution holes to distance b between the plurality
of holes provided in a partition wall of the refrigerant
evaporator according to the present invention.

{Fig. 8} Fig. 8 is a graph in which the graph shown
in Fig. 7 is converted so as to express thickness t of
the partition wall on the horizontal axis and the ratio
a/b on the vertical axis.

{Description of Embodiments}

[0026] Embodiments according to the present inven-
tion will be described below, with reference to the draw-
ings.

{First Embodiment}

[0027] A first embodiment of the present invention will
be described below, using Figs. 1 to 5 and Figs. 7 and
8. Fig. 1 shows a perspective view of a refrigerant evap-
orator 1 according to the first embodiment of the present
invention, Fig. 2 shows an exploded perspective view
thereof, and Figs. 3A and 3B show a front view and a
right side view thereof. In addition, Fig. 4 shows a side
view of a partition wall to be provided inside tanks.

[0028] The refrigerant evaporator 1 is provided with
numerous refrigerant tubes 2 having a plurality of refrig-
erant channels 2A parallel to the length direction. These
refrigerant tubes 2 can be formed of aluminum-alloy flat
tubes that are manufactured, for example, by extrusion
molding or pultrusion molding, or that are manufactured
by molding a plate material into an elliptical tube-shape
into which inner fins are inserted to be installed therein.
[0029] The refrigerant tubes 2 are numerously ar-
ranged in parallel in a stack in a direction orthogonal to
the flow direction of an external fluid (air) A flowing out-
side thereof. In addition, the refrigerant tubes 2 are ar-
ranged in a plurality of rows (two rows) front-to-back rel-
ative to the flow direction of the air A. For example, heat-
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conducting fins 3, which are formed by applying corru-
gation molding to aluminume-alloy thin plates to impart a
wave shape thereto, are interposed between the numer-
ous refrigerant tubes 2 that are numerously arranged in
parallel in a stack in the direction orthogonal to the flow
direction of the air A, and are bonded to external surfaces
of the refrigerant tubes 2 by brazing using a known meth-
od.

[0030] Atatopendand abottom end of the numerous
refrigerant tubes 2, a top tank 4 and a bottom tank 5,
each having a substantially elongated-circular cross sec-
tion, are bonded thereto by brazing. These top tank 4
and bottom tank 5 are formed of top members 4A and
5A and bottom members 4B and 5B that are splitinto two
vertically; partition walls 4C and 5C which partition the
inside of the top tank 4 and the bottom tank 5 into a first
tank portion 5 and a second tank portion 7 and a first tank
portion 8 and a second tank portion 9, respectively, in
the row direction corresponding to the plurality of rows
of the refrigerant tubes 2; and cap members 4D and 4E
and 5D and 5E which close off the two ends of the top
tank 4 and the bottom tank 5, respectively. The top mem-
bers 4A and 5A, the bottom members 4B and 5B, the
partition walls 4C and 5C, and the cap members 4D, 5D,
4E, and 5D are formed of press molded pieces of alumi-
num alloy and are integrally bonded by brazing using a
known method.

[0031] In the bottom members 4B and 5B that consti-
tute the top tank 4 and the bottom tank 5, numerous tube
insertion holes 4F and 5F are provided corresponding to
the rows of the refrigerant tubes 2 in order for the ends
of the numerous refrigerant tubes 2 to be inserted there-
into for bonding by brazing. The cap member 5E of the
bottomtank 5is provided with arefrigerantinlet 5G, which
communicates with the first tank portion 8, and a refrig-
erant-inlet header 10 is bonded thereto by brazing so as
to communicate with the refrigerant inlet 5G of the cap
member 5E. In addition, the cap member 4E of the top
tank 4 is provided with a refrigerant outlet 4G, which com-
municates with the second tank portion 7, and a refrig-
erant-outlet header 11 is bonded thereto by brazing so
as to communicate with the refrigerant outlet 4G of the
cap member 4E. The refrigerant-inlet header 10 and the
refrigerant-outlet header 11 are connected to a refriger-
ant-inlet pipe 12 and a refrigerant-outlet pipe 13, respec-
tively.

[0032] Partition plates 4H and 5H that respectively par-
tition the second tank portion 7 of the top tank 4 and the
first tank portion 8 of the bottom tank 5 into two regions
on the right and left in a direction parallel to the direction
orthogonal to the flow direction of the air A (length direc-
tion of the tanks) are provided in the top tank 4 and the
bottom tank 5. In this embodiment, the partition plates
4H and 5H are provided at positions where the ratio of
the number of the refrigerant tubes 2 in the left region
and the right region of the two regions separated into left
and right in the figure is about 1:2. In addition, in the
second tank portion 9 of the bottom tank 5, two throttle
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plates 51 and 5J having throttle holes 5K and 5L that
gradually narrow toward the end with the cap member
5E are provided at two appropriate locations in the length
direction of the tank in the right region in the figure, sep-
arated by a predetermined gap therebetween.

[0033] Furthermore, in the left region in the figure par-
titioned by the partition plates 4H and 5H, the partition
walls 4C and 5C of the top tank 4 and the bottom tank 5
have a plurality of refrigerant-distribution holes 4M and
5M, which communicate between the first tank portion 6
and the second tank portion 7 of the top tank 4 and be-
tween the first tank portion 8 and the second tank portion
9 of the bottom tank 5, respectively, provided in the length
direction of the partition walls 4C and 5C. The refrigerant-
distribution holes 4M and 5M have a function of causing
the liquid refrigerant in a gas-liquid two-phase refrigerant
flowinginto the first tank portion 6 of the top tank 4 parallel
to the length direction of the partition wall 4C from the
right region to the left region in the figure to flow in while
distributing the refrigerant nearly evenly in the length di-
rection of the left region of the second tank portion 7 in
the figure.

[0034] In addition, by providing the partition plate 5H
in the first tank portion 8 of the bottom tank 5 that is con-
nected to the refrigerant-inlet header 10 and by providing
the partition plate 4H in the second tank portion 7 of the
top tank 4 that is connected to the refrigerant-outlet head-
er 11, a refrigerant flow pathway in the refrigerant evap-
orator 1 is divided into three blocks, that is, a first block
14, a second block (U-turn block) 15, and a third block
16, to be described below. The first block 14 is a block
that causes the refrigerant that flows into the first tank
portion 8 of the bottom tank 5 from the refrigerant-inlet
header 10 to flow to the first tank portion 6 of the top tank
4 via the plurality of refrigerant tubes 2 connected in the
right region with respect to the partition plate SH.
[0035] In addition, the second block (U-turn block) 15,
which is also referred to as a U-turn block, is a block that
causes the refrigerant that flows into the first tank portion
6 of the top tank 4 to flow along the partition wall 4C
toward the left region in the figure, from where it is dis-
tributed nearly evenly to the left region with respect to
the partition plate 4H of the second tank portion 7 parallel
to the length direction thereof via the plurality of refriger-
ant-distribution holes 4M, and then causes the refrigerant
to flow down through the plurality of refrigerant tubes 2
from both the first tank portion 6 and the second tank
portion 7 to the first tank portion 8 and the second tank
portion 9 of the bottom tank 5. The refrigerant that has
flowed down to the first tank portion 8 and the second
tank portion 9 of the bottom tank 5 is collected in the
second tank portion 9 via the refrigerant-distribution
holes S5M.

[0036] Furthermore, the third block 16 is a block that
causes the refrigerant collected in the second tank por-
tion 9 to flow toward the right region along the partition
wall 5C, and then causes it to flow to the second tank
portion 7 of the top tank 4 via the plurality of refrigerant
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tubes 2. The refrigerant that has flowed to the second
tank portion 7 of the top tank 4 in this third block 16 flows
out to the refrigerant-outlet pipe 13 via the outlet header
11.

[0037] As shown in Fig. 4, the plurality of refrigerant-
distribution holes 4M and 5M provided in the above-de-
scribed partition walls 4C and 5C are constituted of elon-
gated holes 4m and 5m, which are elliptical holes or elon-
gated circular holes, etc. made longer in a direction or-
thogonal to the hole-row direction, so that it is possible
to ensure an adequate opening area to prevent an in-
crease in pressure loss of the flowing refrigerant, and so
that it is also possible to ensure adequate pressure-with-
standing strength by alleviating stress concentration due
to internal pressure. In addition, assuming the distance
between the plurality of elongated holes (pitch of the
holes) as b, the hole length in the hole-row direction as
a, and the thickness of the partition walls 4C and 5C as
t, the elongated holes 4m and 5m are configured as fol-
lows in order to enhance the pressure-withstanding
strength of the top tank 4 and the bottom tank 5.

[0038] Fig. 7 shows analysis results based on experi-
ments and FEM regarding the relationship between the
break-down pressure P [MPa] of the tank partition por-
tions (vertical axis) and the ratio a/b (horizontal axis)
when the thickness t of the partition walls 4C and 5C are
set at 1 mm, 1.3 mm, and 2 mm, and Fig. 8 shows a
graph in which the thickness t of the partition walls 4C
and 5C is set as the horizontal axis and a/b as the vertical
axis, and the graph shown in Fig. 7 is converted to a
polynomial expression that expresses ranges of a/b with-
in which it is possible to ensure required break-down
pressure P of the tank partition portions (P = 2.55, P =
3.3, and P = 4.5), taking the thickness t of the partition
walls into consideration.

[0039] These analysis results indicate that, in order to
satisfy at least 2.55 MPa (P = 2.55) or greater pressure-
withstanding pressure, setting the above-described a/b
to a polynomial expression of P = 2.55, that is, a/b <
-0.0697 X t2 + 0.3274 X t + 0.4594, where t = 1to 2 mm,
satisfies the pressure-withstanding pressure of 2.55 MPa
or greater, and thus, it is possible to ensure the required
pressure-withstanding strength. Note that, the partition
walls 4Ca and 5C are clad materials, whose core material
is A3003-H14 and whose surface material is A4343, and
the plate thickness t is normally set between 1 and 2 mm
because too low a thickness causes deficient strength
and too high a thickness increases the tank size in the
thickness direction or decreases the channel area in the
tank.

[0040] In addition, for the elongated holes 4m and 5m,
it is desirable to set the above-described a/b to a/b <
-0.0744 x 2+ 0.3577 X t + 0.3786, where t = 1 to 2 mm,
to satisfy at least 3.3 MPa or greater break-down pres-
sure, and, furthermore, it is more desirable to set it to a/b
<-0.0763 X t2 + 0.3810 X t + 0.2847, where t = 1 to 2
mm, so that a break-down pressure of 4.5 MPa or greater
can be satisfied even if variability in inter-hole distance
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of the plurality of elongated holes 4m and 5m, etc. is
taken into consideration.

[0041] Accordingtothisembodimentdescribed above,
the following operational advantages are afforded.

The gas-liquid two-phase refrigerant that has flowed into
the first tank 8 of the bottom tank 5 from the refrigerant-
inlet pipe 12 via the refrigerant-inlet header 10 undergoes
heat exchange with the air A via the heat-conducting fins
3 while flowing in the plurality of refrigerant tubes 2 in the
first block 14 toward the first tank portion 6 of the top tank
4, and thus part of the refrigerant evaporates. The refrig-
erant collected in the first tank portion 6 of the top tank
4 flows through the first tank portion 6 to the left region
thereof to enter the second block (U-turn block) 15. While
flowing through the first tank portion 6, the gas-liquid two-
phase refrigerant that has flowed into the second block
(U-turn block) 15 is evenly distributed to the second tank
portion 7 by the refrigerant-distribution holes 4M consti-
tuted of the elongated holes 4m provided in the partition
wall 4C.

[0042] The refrigerant evenly distributed to the first
tank portion 6 and the second tank portion 7 of the top
tank 4 in the second block (U-turn block) 15 further evap-
orates upon undergoing heat exchange with the air A via
the heat-conducting fins 3 while flowing down the plurality
of refrigerant tubes 2 in the second block (U-turn block)
15 toward the first tank portion 8 and the second tank
portion 9 of the bottom tank 5. The refrigerant that has
flowed down to the first tank portion 8 and the second
tank portion 9 of the bottom tank 5 is collected in the
second tank portion 9 by the refrigerant-distribution holes
5M (the elongated holes 5m) provided in the partition wall
5C and flows through the second tank portion 9 to the
right region thereof to enter the third block 16. This re-
frigerant rises through the plurality of refrigerant tubes 2
in the third block 16 toward the second tank portion 7 of
the top tank 4, during which heat exchange with the air
A occurs, thereby being entirely gasified and collected in
the second tank portion 7. The air A cooled by the heat
exchange with the refrigerant is supplied to the vehicle
interior to be used for air conditioning, whereas the gas-
ified refrigerant is sucked into a compressor from the out-
let header 11 via the refrigerant-outlet pipe 13, thereby
being circulated in the refrigeration cycle.

[0043] As described above, in the second block (U-
turn block) 15 where the refrigerant makes a U-turn in
the top tank, as shown in Fig. 5, the gas-liquid two-phase
refrigerant that has flowed into the first tank portion 6 of
the top tank 4 along the partition wall 4C is sequentially
distributed to the second tank portion 7 from the front
side by the plurality of refrigerant-distribution holes 4M
constituted of the elongated holes 4m made longer in the
longitudinal direction and provided in the length direction
of the partition wall 4C; therefore, it is possible to make
the liquid refrigerant flow into the second tank portion 7
nearly evenly over the entire region in the length direction
thereof. Accordingly, it is possible to nearly evenly dis-
tribute the liquid refrigerant to the plurality of refrigerant
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tubes 2 connected to the first tank portion 6 and the sec-
ond tank portion 7 in the second block.

[0044] Therefore, according to the above-described
refrigerant evaporator 1, the distribution of the liquid re-
frigerant is enhanced, in particular, between the first tank
portion 6 and the second tank portion 7 of the U-turn
block 15, thereby making it possible for the liquid refrig-
erant that contributes to cooling of the air A, which is the
external fluid, to be more evenly distributed to the plurality
of refrigerant tubes 2; therefore, it is possible to enhance
the heat-exchange performance of the refrigerant evap-
orator by making the heat-conducting area function ef-
fectively.

[0045] On the other hand, it is necessary to increase
the pressure-withstanding strength of the top tank 4 and
the bottom tank 5 against the refrigerant to be used. In
particular, in the top tank 4 and the bottom tank 5, where
the refrigerant-distribution holes 4M and 5M are provided
in the partition walls 4C and 5C, stress due to the internal
pressure concentrates on hole-row portions of the refrig-
erant-distribution holes 4M and 5M. Accordingly, the re-
frigerant-distribution holes 4M and 5M are constituted of
the elongated holes 4m and 5m, which are elliptical holes
orelongated circular holes, etc. made longerin a direction
orthogonal to the hole-row direction, so that it is possible
to ensure an adequate opening area to prevent an in-
crease in pressure loss of the flowing refrigerant and to
ensure adequate pressure-withstanding strength by al-
leviating stress concentration due to the internal pres-
sure.

[0046] Accordingly, itis possible to set the opening ar-
ea of the refrigerant-distribution holes 4M and 5M (elon-
gated holes 4m and 5m) to a size allowing passage of
the refrigerant withoutincreasing the pressure loss there-
of and to set the inter-hole distance of the plurality of
refrigerant-distribution holes 4M and 5M (elongated
holes 4m and 5m) at a size that makes it possible to
satisfy adequate pressure-withstanding pressure or
break-down pressure. Therefore, it becomes possible to
readily increase the pressure-withstanding strength of
the top tank 4 and the bottom tank 5 by optimizing the
hole shape of the refrigerant-distribution holes 4M and
5M, while suppressing an increase in pressure loss of
the refrigerant in the partition walls 4C and 5C, which
have restricted configurations.

[0047] Inaddition, regarding the plurality of refrigerant-
distribution holes 4M and 5M (elongated holes 4m and
5m), because a/b is set to a/b < -0.0697 X t2 + 0.3274
X t+0.4594, where t = 1 to 2 mm, assuming the distance
between the plurality of elongated holes as b, the hole
length in the hole-row direction as a, and the thickness
of the partition walls as t, it is possible to set the inter-
hole distance of the plurality of refrigerant-distribution
holes 4M and 5M (elongated holes 4m and 5m) provided
in the partition walls 4C and 5C to a size at which at least
a pressure-withstanding pressure of 2.55 MPa or greater
can be satisfied.

[0048] Fig. 7 shows analysis results regarding the re-
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lationship between the break-down pressure P [MPa] of
the tank partition portions (vertical-axis) and the above-
described a/b (horizontal axis) when the thickness t of
the partition walls 4C and 5C is setat 1 mm, 1.3 mm, and
2 mm, and Fig. 8 shows a graph in which the thickness
t of the partition walls 4C and 5C is set as the horizontal
axis and a/b as the vertical axis, and the graph shown in
Fig. 7 is converted to a polynomial expression that ex-
presses ranges of a/b within which it is possible to ensure
the required break-down pressure P of the tank partition
portions, taking the thickness t of the partition walls into
consideration. From these results, it is clear that, in order
to satisfy at least 2.55 MPa or greater pressure-with-
standing pressure, setting a/b to a/b < -0.0697 X 2 +
0.3274 X t + 0.4594, where t = 1 to 2 mm, satisfies this
pressure-withstanding pressure, and thus, it is possible
to ensure the required pressure-withstanding strength.
[0049] Similarly, by setting the above-described a/b to
a/b<-0.0744 X t2+0.3577 X t +0.3786, where t=1to
2 mm, at least 3.3 MPa or greater break-down pressure
can be satisfied, and, furthermore, by setting it to a/b <
-0.0763 x 2+ 0.3810 X t + 0.2847, where t= 1 to 2 mm,
4.5 MPa or greater break-down pressure can be satisfied
even if variability in the inter-hole distance of the plurality
of elongated holes 4m and 5m, etc. is taken into consid-
eration. Thus, it is clear that the required pressure-with-
standing strengths can be adequately ensured.

[0050] Therefore, according to this embodiment, with
the partition walls 4C and 5C which have restrictive con-
ditions, such as the inability to increase the plate thick-
ness because the tank size would be increased, the in-
ability to decrease the number of holes to ensure the
function thereof for evenly distributing refrigerant, the
need for the opening area to be made large to suppress
pressure loss of the refrigerant passing therethrough,
etc., it is possible to readily ensure the pressure-with-
standing strength of the tank portions against the internal
pressure by optimizing various sizes of the refrigerant-
distribution holes 4M and 5M (the elongated holes 4m
and 5m).

[0051] Note that, as shown in Figs. 3A and 3B, in the
above-described embodiment, numerous ribs 4N and 5N
may be integrally molded on surfaces of the top members
4A and 5A of the headers 4 and 5. In addition, individual
component parts of the refrigerant evaporator 1 shown
in Fig. 2 are not separately joined by brazing, but, as is
known, after all component parts are pre-assembled,
they can be placed in an oven to be heated and be man-
ufactured into an integrated piece by brazing in the oven.
[0052] Furthermore, the above-described aluminum-
alloy refrigerant evaporator 1 is particularly suitable for
a refrigerant evaporator that forms a refrigeration cycle
of a vehicle air conditioner where it is necessary to
achieve low weight and compactness, and, by applying
the refrigerant evaporator 1 thereto, the performance of
the air conditioner can be enhanced, and, simultaneous-
ly, the reliability of the air conditioner can be enhanced
by increasing the pressure-withstanding strength of the
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refrigerant evaporator 1.
{Second Embodiment}

[0053] Next, a second embodiment of the present in-
vention will be described using Fig. 6.

This embodiment differs from the first embodiment de-
scribed above in the manner of providing the refrigerant-
distribution holes 4M and 5M (elongated holes 4m and
5m) to be provided in the partition walls 4C and 5C. Be-
cause other components are the same as those of the
first embodiment, descriptions thereof will be omitted.
In this embodiment, assuming the entire length of the top
tank 4 constituting the second block (U turn block) 15 in
the refrigerant inflow direction (the distance between the
left end of the top tank 4 and the partition plate 4H) as
L2, as shown in Fig. 6, the plurality of refrigerant-distri-
bution holes 4M and 5M (elongated holes 4m and 5m)
provided in the partition walls 4C and 5C in the second
block (U-turn block) 15 are configured to be provided in
a plurality in a back-side region within the length L1, ex-
cluding a portion of the region on the front side in the
refrigerant inflow direction.

[0054] The above-described back-side-region length
L1 is the length from the back-most ends of the first tank
portion 6 and the second tank portion 7 to the position of
the refrigerant-distribution holes 4M on the front-most
side; it is effective to set this length L1 of the back-side
region within arange of 0.7 < L1/L2 < 0.9, relative to the
entire length L2, and it is most preferable that L1/L2 be
about 0.8. By employing such a configuration, in com-
parison with the case of the first embodiment, the refrig-
erant distribution can be further improved, thereby mak-
ing it possible to further enhance the heat-exchange per-
formance of the refrigerant evaporator 1. Note that when
L1/L2 becomes less than 0.7, the distribution of liquid
refrigerant in a region close to the partition plate 4H in
the second tank portion 7 becomes slightly deficient,
whereas when L1/L2 exceeds 0.9, conversely, the dis-
tribution of liquid refrigerant in a region on the back-most
side thereof becomes slightly deficient; and, from this, it
is most preferable that L1/L2 be about 0.8.

[0055] Note that, the present invention is not limited to
the invention according to the above-described embod-
iments, and appropriate modifications are permissible
within a range that does not depart from the spirit thereof.
For example, although all of the plurality of refrigerant-
distribution holes 4M and 5M (elongated holes 4m and
5m) provided in the length direction of the partition walls
4C and 5C are made in equal sizes in the embodiments
described above, the sizes of the refrigerant-distribution
holes 4M and 5M (elongated holes 4m and 5m) may be
gradually increased from the front side toward the back
side in the refrigerant inflow direction. Accordingly, the
liquid refrigerant, more of which is readily distributed to
the refrigerant-distribution holes 4M (elongated holes
4m) on the front side due to inertia, is sequentially shifted
to the larger refrigerant-distribution holes 4M (elongated
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holes 4m) on the back side, by which the distribution in
the refrigerant inflow direction is improved for the liquid
refrigerant flowing from the first tank portion 6 to the sec-
ond tank portion 7, thereby making it possible to distribute
the liquid refrigerant nearly evenly over the entire region
in the refrigerant inflow direction in the first tank portion
6 and the second tank portion 7; therefore, it is possible
to further enhance the heat-exchange performance of
the refrigerant evaporator 1 by achieving an even distri-
bution of the liquid refrigerant to the plurality of refrigerant
tubes 2.

[0056] In addition, in the above-described embodi-
ments, the U-turn block 15 in which the refrigerant flows
from the first tank portion 6 to the second tank portion 7
has been described as an example; however, a config-
uration such as one in which the refrigerant flows in re-
verse from the second tank portion to the first tank portion
6 is of course also possible. Furthermore, although an
example of dividing the refrigerant flow pathway into
three blocks has been described, the number of blocks
is not limited to three blocks. In addition, the inlet and
outlet of the refrigerant for the refrigerant evaporator 1
may be provided anywhere at the top, bottom, left, and
right.

{Reference Signs List}
[0057]

1: refrigerant evaporator

2: refrigerant tube

2A: refrigerant channel

4: top tank

5: bottom tank

4C, 5C: partition wall

4G: refrigerant outlet

4H, 5H: partition plate

4M, 5M: refrigerant-distribution hole

4m, 5m: elongated hole

5G: refrigerant inlet

6, 8: first tank portion

7, 9: second tank portion

14: first block

15: second block (U-turn block)

16: third block

a: hole length of refrigerant-distribution hole (elon-
gated hole) in hole-row direction

b: distance between plurality of refrigerant-distribu-
tion holes (elongated holes)

Claims

1. A refrigerant evaporator made of aluminum alloy
comprising:

numerous refrigerant tubes that have refrigerant
channels for flowing refrigerant in a vertical di-
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rection, that are numerously arranged in parallel
in a direction orthogonal to a flow direction of an
external fluid that flows outside of the refrigerant
channels, and that are arranged in a plurality of
rows, front-to-back, parallel to the flow direction
of the external fluid; and

a pair of top and bottom tanks that are arranged
in the direction orthogonal to the flow direction
of the external fluid and connected at top and
bottom ends of the numerous refrigerant tubes,
the interior of which is partitioned in a row direc-
tion corresponding to the plurality of rows of the
refrigerant tubes into a first tank portion and a
second tank portion by a partition wall, and that
distribute or collect the refrigerant,

the tanks being provided with a refrigerant inlet
and a refrigerant outlet, and the refrigerant that
has flowed in from the refrigerant inlet sequen-
tially flowing through the refrigerant tubes of a
plurality of blocks divided by partition plates pro-
vided in a plurality of locations in the tanks, after
which the refrigerant flows out from the refriger-
ant outlet, wherein

one of the plurality of blocks is a U-turn block
portion in which the refrigerant flows into the first
tank portion or the second tank portion of the
top tank from a direction parallel to the partition
wall and, from there, flows into the other tank
portion, thereby being distributed to the plurality
of refrigerant tubes from the first tank portion
and the second tank portion, respectively,

on the partition walls that partition the first tank
portions and the second tank portions of the top
and bottom tanks in the U-turn block portion, a
plurality of refrigerant-distribution holes, which
communicate between the first tank portions
and the second tank portions, are provided par-
allel to the length direction of the partition walls,
and

for the refrigerant-distribution holes, assuming
the distance between the plurality of holes as b,
the hole length in the hole-row direction as a,
and the thickness of the partition wall as t, a/b
is settoa/b<-0.0697 X t2+0.3274 X t+0.4594,
where t=1to 2 mm.

2. A refrigerant evaporator according to Claim 1,

wherein a/b of the refrigerant-distribution hole is set
to a/b <-0.0744 X t2 + 0.3577 X t + 0.3786, where
t=1to2mm.

A refrigerant evaporator according to Claim 1,
wherein a/b of the refrigerant-distribution hole is set
to a/b <-0.0763 X t2 + 0.3810 X t + 0.2847, where
t=1to2mm.

A refrigerant evaporator according to any one of
Claims 1 to 3, wherein the refrigerant-distribution
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10

5.

holes are elongated holes made longer in a direction
orthogonal to the hole-row direction of the refriger-
ant-distribution holes.

A refrigerant evaporator made of aluminum alloy
comprising:

numerous refrigerant tubes that have refrigerant
channels for flowing refrigerant in a vertical di-
rection, that are numerously arranged in parallel
in a direction orthogonal to a flow direction of an
external fluid that flows outside of the refrigerant
channels, and that are arranged in a plurality of
rows front-to-back parallel to the flow direction
of the external fluid; and

a pair of top and bottom tanks that are arranged
in the direction orthogonal to the flow direction
of the external fluid and connected at top and
bottom ends of the numerous refrigerant tubes,
the interior of which is partitioned in a row direc-
tion corresponding to the plurality of rows of the
refrigerant tubes into a first tank portion and a
second tank portion by a partition wall, and that
distribute or collect the refrigerant,

the tanks being provided with a refrigerant inlet
and a refrigerant outlet, and the refrigerant that
has flowed in from the refrigerant inlet sequen-
tially flowing through the refrigerant tubes of a
plurality of blocks divided by partition plates pro-
vided in a plurality of locations in the tanks, after
which the refrigerant flows out from the refriger-
ant outlet, wherein

one of the plurality of blocks is a U-turn block
portion in which the refrigerant flows into the first
tank portion or the second tank portion of the
top tank from a direction parallel to the partition
wall and, from there, flows into the other tank
portion, thereby being distributed to the plurality
of refrigerant tubes from the first tank portion
and the second tank portion, respectively,

on the partition walls that partition the first tank
portions and the second tank portions of the top
and bottom tanks in the U-turn block portion, a
plurality of refrigerant-distribution holes, which
communicate between the first tank portion and
the second tank portion, are provided parallel to
the length direction of the partition wall, and
the refrigerant-distribution holes are elongated
holes made longer in a direction orthogonal to
the hole-row direction of the refrigerant-distribu-
tion holes.

A refrigerant evaporator according to Claim 4 or 5,
wherein the elongated holes are elliptical holes or
elongated circular holes.

An air conditioner in which a refrigerant evaporator
according to any of Claims 1 to 6 is employed as a
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refrigerant evaporator provided in a refrigeration cy-
cle.
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