EP 2 840 342 B1

Patent Office

Sy @y EP 2840 342 B1

(1 9) ’ e "llmlmll‘mm“||H|Hll‘m“|‘|H||‘|”HH|‘|‘|Hl‘lHllH‘lHll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: F28D 7100 (2006.0%) F25B 1/00 (2006.07)
09.11.2016 Bulletin 2016/45 F28F 1/02 (20597 F25B 25/00 (2°°°"
F25B 39/04 (2006.0%) F28D 21/00 (2006.07)
(21) Application number: 12870627.2 F28F 7102 (200007 F28F 9/26 (20007
(22) Date of filing: 31.08.2012 (86) International application number:
PCT/JP2012/072132

(87) International publication number:
WO 2013/132679 (12.09.2013 Gazette 2013/37)

(54) HEAT EXCHANGER AND REFRIGERATION CYCLE DEVICE
WARMETAUSCHER UND KUHLZYKLUSVORRICHTUNG
ECHANGEUR DE CHALEUR ET DISPOSITIF DE CYCLE DE REFRIGERATION

(84) Designated Contracting States: * MORIMOTO, Hiroyuki
AL AT BE BG CH CY CZDE DK EE ES FI FRGB Tokyo 100-8310 (JP)
GRHRHUIEISITLILT LULV MC MK MT NL NO * HATOMURA, Takeshi
PL PT RO RS SE SI SK SM TR Tokyo 100-8310 (JP)
* UCHINO, Shinichi
(30) Priority: 07.03.2012 JP 2012050412 Tokyo 100-8310 (JP)
(43) Date of publication of application: (74) Representative: Sajda, Wolf E. et al
25.02.2015 Bulletin 2015/09 Meissner Bolte Patentanwilte
Rechtsanwilte Partnerschaft mbB
(73) Proprietor: Mitsubishi Electric Corporation Postfach 86 06 24
Tokyo 100-8310 (JP) 81633 Miinchen (DE)
(72) Inventors: (56) References cited:
* IKEDA, Soshi WO-A1-2007/122685 WO-A1-2012/017681
Tokyo 100-8310 (JP) WO-A1-2012/017681 JP-A- 2000 234 881
* YOSHIMURA, Susumu JP-A- 2001 033 182 JP-A- 2002 018 512
Tokyo 100-8310 (JP) JP-A- 2002 098 486 JP-A- 2007 017 132
* SAKAI, Mizuo JP-A- 2011 007 486 JP-U- S60 170 582
Tokyo 100-8310 (JP) US-A1- 2011 139404 US-B1- 6 354 002

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 840 342 B1 2

Description
Technical Field

[0001] The present invention relates to a heat ex-
changer and a refrigeration cycle apparatus and, in par-
ticular, to a heat exchanger including, in a heat transfer
block, first fluid passages in which a high-temperature
fluid flows and second fluid passages in which a low-
temperature fluid flows, and a refrigeration cycle appa-
ratus including the heat exchanger.

Background Art

[0002] Conventionally, heat-pump refrigeration/air-
conditioning systems including vapor-compression re-
frigeration cycles have been used.

A refrigeration cycle includes a heat exchanger that al-
lows a first fluid and a second fluid to exchange heat with
each other.

[0003] In the heat exchanger, first fluid passages in
which the first fluid flows and second fluid passages in
which the second fluid flows are provided substantially
parallel to each other in one block (a solid body), and
heat is exchanged between the first fluid and the second
fluid by supplying the two fluids in the same direction (to
be referred to as "parallel directions" or "parallel flows"
hereinafter) or in directions opposite to each other (to be
referred to as "opposite directions" or "opposed flows or
counterflows" hereinafter) in the respective passages.
Such a heat exchanger is described in WO-A-2012 017
681 which discloses a heat exchanger according to the
preamble of claim 1.

[0004] For example, when the first fluid is "water" and
the second fluid is "R410a," heat is exchanged between
the water having a low temperature and a low pressure
and R410a having a high temperature and a high pres-
sure, whereby the water is heated (while R410a is
cooled).

[0005] As one of measures for an improvementin per-
formance and size reduction of the heat exchanger, the
diameter of the first fluid passages or the second fluid
passages is reduced. By the diameter reduction, the heat
transfer area per unit volume of the heat exchanger can
be increased to, in turn, increase the heat transfer rate.
[0006] Unlike the case where the first fluid passages
and the second fluid passages are provided in one block
(a solid body), there is a known heat exchanger tube in
which only one kind of passages are provided in a block,
which is provided in another passage, whereby the di-
ameter of the passages provided in the block is reduced.
The heatexchangertube has aflat cross-sectional shape
and includes a plurality of passages in which a fluid flows.
The plurality of passages are integrally formed by extru-
sion molding (see, for example, Patent Literature 1).
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List of Citation

Patent Literature

[0007]
Patent Literature 1: Japanese Unexamined Patent
Application Publication JP-A-2000-234 881 (pages
3 &4 and FIG. 2)

Summary of the Invention

Technical Problem

[0008] Inthe technology disclosed in Patent Literature
1, since the block is provided in the other passage, there
is a temperature difference (a difference in amount of
heat exchange) between those passages in the block
that are on the upstream side of the other passage and
those passages in the block that are on the downstream
side of the other passage.

[0009] Therefore,lateral holes are provided to commu-
nicate with the passages in the block on the upstream
side and the passages in the block on the downstream
side, whereby the difference in fluid temperature between
the passages in the block is reduced.

[0010] Thus, alateral hole needs to be provided so that
the fluid is distributed to all of the passages and is mixed.
Since the diameter of the lateral hole is limited by the
height of the passages, there has arisen a problem that
the passage cross-sectional area is relatively small in a
portion having the lateral hole and that the pressure loss
increases with the repetition of expansion and contrac-
tion of the passages in the block. That is, since the pas-
sage cross-sectional area varies (the header cross-sec-
tional area is small), the flow speed of the fluid increases
in a header portion. Consequently, the pressure loss in-
creases. With such repetition, the pressure loss in the
heat exchanger increases.

[0011] There has arisen the same problem that when
the technology disclosed in Patent Literature 1 is applied
to a heat exchanger including first fluid passages and
second fluid passages that are provided in one block (a
solid body). Particularly, although the invention disclosed
in Patent Literature 1 employs one row of a combination
of first fluid passages and second fluid passages, if a
heat exchanger includes multiple rows of combinations
of first fluid passages and second fluid passages, the
fluid flows from one row into another.

[0012] Therefore, the number of times the fluid flows
through the header portion is relatively large. Conse-
quently, the passage cross-sectional area repeatedly ex-
pands and contracts, and the pressure loss in the heat
exchanger increases.

[0013] Furthermore, when the fluid is distributed
among the passages under a certain condition of the fluid
flowing into the heat exchanger and, in particular, under
acondition that the fluid is in a two-phase gas-liquid state
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in which a mixture of gas and liquid exists, the proportions
of the gas and the liquid vary in each individual passage.
That is, uneven distribution occurs, so that the perform-
ance of the heat exchanger is deteriorated.

[0014] The present invention is to solve the above
problems and provides a heat exchanger in which the
pressure loss can be reduced even if a plurality of fluid
passages are made to communicate with one another,
and a deterioration in performance of the heat exchanger
can be suppressed by achieving even distribution among
the passages, and arefrigeration cycle apparatus includ-
ing the heat exchanger.

Solution to the Problem

[0015] A heat exchanger according to the present in-
ventionincludes a plurality of first fluid passages provided
parallel to one another in a first plane that is a flat plane
present in a heat transfer block, so as to extend through
the heat transfer block; a plurality of second fluid pas-
sages provided parallel to the first fluid passages in a
second plane that is present in the heat transfer block
and is parallel to the first plane, so as to extend through
the heat transfer block; and at least one lateral hole pro-
vided in the heat transfer block and communicating with
the second fluid passages. The at least one lateral hole
extends perpendicularly to the second fluid passages.
[0016] A diameter of the at least one lateral hole and
a number of at least one lateral hole are determined in
such a manner as to satisfy L/A2d > Ly/Ayzdy, where A,
d, and L are a passage cross-sectional area, an equiva-
lent diameter, and a length, respectively, of the second
fluid passages, and Ay, dy, and Ly are a passage Cross-
sectional area, an equivalentdiameter, and an equivalent
length, respectively, of the at least one lateral hole.
[0017] The atleastone lateral hole communicates with
all of the second fluid passages so as not to protrude into
a portion of the heat transfer block that is between the
first fluid passages and some of the second fluid passag-
es that are adjacent to the first fluid passages.

Advantageous Effects of the Invention

[0018] Since the heat exchanger according to the
present invention is configured as described above, the
cross-sectional area of the lateral hole can be designed
optimally. Therefore, the pressure loss can be reduced,
and a deterioration in performance of the heat exchanger
can be suppressed by achieving even distribution.

Brief Description of Drawings

[0019]

FIG. 1 shows sectional views for explaining a type-
A heat exchanger according to Embodiment
1 of the present invention.

FIG. 2 shows sectional views for explaining type-B
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and type -C heat exchangers according to
Embodiment 1 of the present invention.
shows sectional views for explaining a type-
D heat exchanger according to Embodiment
2 of the present invention.

shows sectional views for explaining a type-
E heat exchanger according to Embodiment
2 of the present invention.

shows sectional views for explaining a type-
F heat exchanger according to Embodiment
2 of the present invention.

shows sectional views for explaining type-H
and -1 heat exchangers according to Embod-
iment 3 of the present invention.

shows sectional views for explaining a type-
J heat exchanger according to Embodiment
4 of the present invention.

shows sectional views for explaining type-K,
type-L, and type-M heat exchangers accord-
ing to Embodiment 5 of the present invention.
is a diagram illustrating devices included in a
heat-pump heating system, to explain a re-
frigeration cycle apparatus according to Em-
bodiment 7 of the present invention.

is a diagram illustrating devices included in a
heat-pump hot-water supply system, to ex-
plain a refrigeration cycle apparatus accord-
ing to Embodiment 8 of the present invention.
is a Baker's chart referred to for describing
the refrigeration cycle apparatus according to
Embodiment 6 of the present invention.

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9

FIG. 10

FIG. 11

Description of Embodiments

Embodiment 1

[0020] FIGS. 1 and 2 schematically illustrate heat ex-
changers according to Embodiment 1 of the present in-
vention. FIG. 1(a) shows a sectional view of a type-A
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 1(b) shows a sectional
view of the type-A heat exchanger that is taken along a
plane parallel to the longitudinal direction.

[0021] FIG. 2(a) shows a sectional view of a type-B
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 2(b) shows a sectional
view of the type-B heat exchanger that is taken along a
plane parallel to the longitudinal direction. FIG. 2(c)
shows a sectional view of a type-C heat exchanger that
is taken along a plane perpendicular to the longitudinal
direction. FIG. 2(d) shows a sectional view of the type-C
heat exchanger that is taken along a plane parallel to the
longitudinal direction.

[0022] In each of the drawings, elements that are the
same as or equivalent to one another are denoted by
common reference numerals (numbers), and a descrip-
tion of some of them will be omitted. In describing com-
mon features, suffixes (a, b, ...) tothereference numerals
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will often be omitted (the same applies to Embodiments
210 5).

Type-A Heat Exchanger

[0023] Referring to FIG. 1 (a) and FIG. 1 (b), a type-A
heat exchanger 10a includes, in a heat transfer block 4,
a plurality of (for example, four) first fluid passages 1, a
plurality of (for example, forty-five) second fluid passages
2a arranged such that the direction of flow is parallel to
that of the first fluid passages 1, and one lateral hole 3a
extending perpendicularly to the second fluid passages
2a and communicating with all of the second fluid pas-
sages 2a.

First Fluid Passages and Second Fluid Passages

[0024] The plurality of first fluid passages 1 are ar-
ranged in a first plane 41, which is a flat plane, in such a
manner as to be parallel to one another. The first fluid
passages 1 each have a circular cross-sectional shape.
[0025] The second fluid passages 2a are parallel to
the first fluid passages 1 and generally refer to the fol-
lowing: a plurality of (for example, fifteen) second fluid
passages 21a provided in a second plane 42a that is a
flat plane substantially parallel to the first plane 41, a
plurality of (for example, fifteen) second fluid passages
21b provided in a second plane 42b that is substantially
parallel to the first plane 41, and a plurality of (for exam-
ple, fifteen) second fluid passages 21c¢ provided in a sec-
ond plane 42c that is substantially parallel to the first
plane 41.

[0026] That is, the second fluid passages 2a are pro-
vided in three layers so that each layer includes fifteen
passages. The second fluid passages 2a each have a
quadrate cross-sectional shape.

[0027] The "longitudinal direction" refers to the axial
direction of the first fluid passages 1 and the second fluid
passages 2a.

[0028] While the above description concerns a case
where the first fluid passages 1 each have a circular
cross-sectional shape and the second fluid passages 2a
each have a quadrate cross-sectional shape, the present
invention is not limited to such a case. The passages 1
and 2a can each have an arbitrary cross-sectional shape.

Lateral Hole

[0029] The lateral hole 3a extends perpendicularly to
the second fluid passages and communicates with the
plurality of (for example, forty-five) second fluid passag-
es. The lateral hole 3a does not protrude into a portion
of the heat transfer block 4 that is between the first fluid
passages 1 and the second fluid passages 21a adjacent
to the former passages.

[0030] The diameter of the lateral hole 3a and the
number of lateral holes 3a are determined in accordance
with the mass velocity of the fluid flowing into the lateral
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hole 3a, the length of the lateral hole, and the dimensions
and the number of second fluid passages, whereby the
pressure loss can be reduced.

[0031] When the second fluid flows in the longitudinal
direction of the heat transfer block, a pressure loss AP
is "AP = AXL/dXv2/2Xp," where p is the density of the
second fluid, v is the flow speed (v = G/pX1/A," where
G is the mass velocity, and A is the passage cross-sec-
tional area), A is the coefficient of pressure loss, d is the
equivalent diameter of each second fluid passage ("d =
4S/L’," where S is the total cross-sectional area, and L’
is the length of the wetted perimeter), and L is the length
of the second fluid passage.

[0032] Likewise, when the second fluid flows through
the lateral hole 3a, a pressure loss APy is "APy =
AyX Ly/dyxvy2/2><p," where vy is the flow speed in a por-
tion having the lateral hole 3a. Itis preferable to determine
the diameter of the lateral hole and the number of lateral
holes that make the pressure loss in the portion having
the lateral hole 3a smaller than the pressure loss occur-
ring when the second fluid flows in the longitudinal direc-
tion of the heat transfer block. In other words, it is pref-
erable to determine the diameter of the lateral hole 3a
and the number of lateral holes 3a so as to satisfy "AP >
AP", that is, "L/AZd > Ly/Ayzdy_"

[0033] For instance, when, as illustrated in FIG. 1, a
line of fifteen 1-mm?2 second fluid passages are provided
in three layers, the heat transfer block has a length of
300 mm, and the lateral hole has a length of 25 mm, it is
preferable that the diameter of the lateral hole 3a and the
number of lateral holes 3a satisfy "L/A2d =
0.3/(4.5x10%)2x0.001 = 1.48x1011 > Ly/Ayzdy." Specif-
ically, it is preferable that the lateral hole 3a have a di-
ameter of "dy > 0.003," that is, 3 mm or larger. If the
passage cross-sectional area falls outside the foregoing
range, the pressure loss in the portion having the lateral
hole is relatively high, unpreferably leading to a deterio-
ration in performance of the heat exchanger.

[0034] While a lateral hole 3a is formed by machining
(drilling), plasticization (punching), or the like performed
from one side face 44 of the heat transfer block 4, the
present invention does not limit the method of forming a
lateral hole 3a.

Advantageous Effects

[0035] The type-A heat exchanger 10a configured as
described above produces the following advantageous
effects.

[0036] The lateral hole 3a having the passage cross-
sectional area that falls within the above range is larger
than the lateral hole of the known heat exchanger having
a diameter corresponding to the size of one layer (see
Patent Literature 1).

[0037] Therefore, when the fluid flows through the
type-A heat exchanger 10a, the influence of expansion
and contraction of the passage in the portions having the
lateral hole 3a is relatively little. Since the lateral hole 3a
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functions as a header portion, the pressure loss in the
lateral hole 3a, that is, the pressure loss in the type-A
heat exchanger 10a, is relatively low.

[0038] Withthe aforementioned arrangement, the sec-
ond fluid passages 2a are provided in a plurality of layers
so that a diameter Da of the lateral hole 3a is increased,
sothatthe heattransfer area of the second fluid passages
2a, in turn, is increased. Thus, the heat exchange per-
formance can be improved.

[0039] Particularly, the heat exchanger includes mul-
tiple rows of combinations of first and second fluid pas-
sages, the second fluid flows from one row into another.
Therefore, the number of times the second fluid passes
through the lateral hole 3a (equivalent to a header por-
tion) is relatively large.

[0040] Consequently, the passage cross-sectional ar-
ea repeatedly expands and contracts. However, since
the passage cross-sectional area in the lateral hole 3a
is large in the type-A heat exchanger 10a, the effect of
reducing the pressure loss is pronounced.

[0041] With the lateral hole 3a having the diameter Da
corresponding to the passage cross-sectional area that
falls within the above range, the distance between the
lateral hole 3a and the first fluid passages 1 can be made
smaller than when the thickness of the heat transfer block
is increased as in the known heat exchanger in which
the passages are provided in one layer and the lateral
hole having a diameter equivalent to it. Hence, the heat
exchange performance can be improved.

[0042] The lateral hole 3a having the diameter Da cor-
responding to the passage cross-sectional area that falls
within the above range does not protrude into the portion
of the heat transfer block 4 that is between the first fluid
passages 1 and the second fluid passages 21a adjacent
to the former passages. With this arrangement, the dis-
tance between the first fluid passages 1 and the second
fluid passages 21a can be reduced. Thus, the heat ex-
change performance can be improved.

[0043] Furthermore, the lateral hole 3a does not pro-
trude into a portion of the heat transfer block 4 that is on
the outer side of the second fluid passages 21c that are
farthest from the first fluid passages 1. That is, for each
set of second fluid passages 2a that are arranged in a
plurality of layers, the height of the lateral hole 3a is set
to fall within the length from the lowest layer of second
fluid passages 2a to the highest layer of second fluid
passages 2a.

[0044] Withthis arrangement, the thickness of the heat
transfer block 4 can be reduced. When a set of first fluid
passages 1, a set of second fluid passages 2a, and an-
other set of first fluid passages 1 are stacked in layers in
sequence, the second fluid passages 2a in the middle
layer can be positioned near the upper and lower layers
of first fluid passages 1. Thus, the heat exchange per-
formance can be improved.

[0045] The method of forming a heat transfer block 4
is notlimited. However, forexample, when a heat transfer
block 4 is formed by integral extrusion, it is easy to in-
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crease/decrease the number of first fluid passages 1 and
the number of first planes 41 or to increase/decrease the
number of second fluid passages and the number of sec-
ond planes 42. Therefore, the passage cross-sectional
area in the lateral hole 3a can be designed optimally.
[0046] In the type-A heat exchanger 10a, a pipe joint
(for example, a tube or the like; not illustrated) for pipe
connection is soldered to the lateral hole 3a on one side
face 44 of the heat transfer block 4. Hence, by connecting
a pipe of a system (for example, a hot-water supply sys-
temor the like) to the pipe joint, the type-A heat exchanger
10a becomes available. In this state, the two longitudinal
ends of each of the second fluid passages 2a are closed.
[0047] Alternatively, the opening of the lateral hole 3a
in one side face 44 of the heat transfer block 4 may be
closed with a lid. In this state, the two longitudinal ends
of each of the second fluid passages 2a are connected
to pipes (directly to pipe joints or indirectly with external
header portions) of a system (for example, a hot-water
supply system or the like).

[0048] The fluid (first fluid) flowing in the first fluid pas-
sages 1 and the fluid (second fluid) flowing in the second
fluid passages 2a are not limited. The first fluid may be
any water such as tap water, distilled water, or brine while
the second fluid may not only be R410a but also be a
natural refrigerant such as a fluorocarbon refrigerant or
hydrogen carbide or any mixture of the foregoing mate-
rials.

[0049] The direction in which the fluid flows in the first
fluid passages 1 and the direction in which the fluid flows
in the second fluid passages 2a may be parallel to each
other or opposite to each other.

Type-B Heat Exchanger

[0050] Referring to FIG. 2(a) and FIG. 2(b), a type-B
heat exchanger 10b includes, in a heat transfer block 4,
four first fluid passages 1, second fluid passages 2b pro-
vided in five layers so that each layer includes fifteen
second fluid passages 2b (seventy-five in total), and one
lateral hole 3b extending perpendicularly to the second
fluid passages 2b and communicating with the second
fluid passages 2b.

[0051] In this case, the type-B heat exchanger 10b is
equivalent to the type-A heat exchanger 10a additionally
provided with a plurality of (for example, fifteen) second
fluid passages 21d and a plurality of (for example, fifteen)
second fluid passages 21e that are arranged in second
planes 42d and 42e, respectively, extending substantial-
ly parallel to the first plane 41. An inside diameter Db of
the lateral hole 3b is large because the lateral hole 3b
extends across the five layers of second fluid passages
2b.

Type-C Heat Exchanger

[0052] Referring to FIG. 2(c) and FIG. 2(d), a type-C
heat exchanger 10c includes, in a heat transfer block 4,
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four first fluid passages 1, second fluid passages 2c pro-
vided in two layers so that each layer includes fifteen
second fluid passages 2c (thirty in total), and one lateral
hole 3c extending perpendicularly to the second fluid pas-
sages 2c and communicating with the second fluid pas-
sages 2c. In this case, aninside diameter Dc of the lateral
hole 3c is small because the lateral hole 3¢ only needs
to extend over the two layers of second fluid passages 2c.
[0053] If the fluid flowing in the heat exchanger under-
goes phase transition, the flow speed of the fluid for the
same mass velocity is lowest in a liquid state, is second
lowest in a two-phase gas-liquid state, and is highest in
a gas state. To reduce the pressure loss, the diameter
of the lateral hole needs to be set in accordance with the
state of the refrigerant, that is, the flow speed of the re-
frigerant. Specifically, the diameter of the lateral hole 3
is increased (the type-A to type-C heat exchangers are
selectively used) in accordance with the flow speed of
the fluid that changes with the state of the fluid.

[0054] By selectively using the different types of heat
exchangers, the pressure loss in the second fluid pas-
sages 2 can be reduced.

[0055] The above classification into type-A to -C heat
exchangers is done for the sake of convenience of de-
scription and does not limit the number of first fluid pas-
sages 1, the number of layers of second fluid passages
2, and the number of second fluid passages 2 included
in each of the layers.

[0056] While the diameter of the lateral hole 3 in the
above description is defined as the diameter Da that cov-
ers the range from the second fluid passages 21a to the
second fluid passages 21c for the sake of convenience
of description, the diameter of the lateral hole 3 may be
smaller than the diameter Da as long as the diameter
can cover the range from the second fluid passages 21a
to the second fluid passages 21c.

Embodiment 2

[0057] FIGS. 3 to 5 schematically illustrate heat ex-
changers according to Embodiment 2 of the present in-
vention. FIG. 3(a) shows a sectional view of a type-D
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 3(b) shows a sectional
view of the type-D heat exchanger that is taken along a
plane parallel to the longitudinal direction.

[0058] FIG. 4(a) shows a sectional view of a type-E
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 4(b) shows a sectional
view of the type-E heat exchanger that is taken along a
plane parallel to the longitudinal direction.

[0059] FIG. 5(a) shows a sectional view of a type-F
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 5(b) shows a sectional
view of the type-F heat exchanger that is taken along a
plane parallel to the longitudinal direction. Elements that
are the same as or equivalent to those of Embodiment 1
are denoted by common reference numerals, and a de-
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scription of some of them will be omitted.

Type-D Heat Exchanger

[0060] Referring to FIG. 3(a) and FIG. 3(b), a type-D
heat exchanger 10d includes, in a heat transfer block 4,
four first fluid passages 1, second fluid passages 2d pro-
vided in two layers so that each layer includes fifteen
second fluid passages 2d, and a rectangular lateral hole
3d communicating with the second fluid passages 2d.
[0061] In this case, the lateral hole 3d has a height
corresponding to the height of the second fluid passages
2d, with its long sides extending in the longitudinal direc-
tion. The lateral hole 3d extends perpendicularly to the
second fluid passages 2d. Other configurations and op-
erations are the same as in Embodiment 1.

[0062] The type-D heat exchanger 10d configured as
described above produces the following advantageous
effects.

[0063] Specifically, in the type-D heat exchanger 10d
having the rectangular lateral hole 3d, since the passage
cross-sectional area in the lateral hole 3d is larger than
that in the case of a circular lateral hole, the influence of
the expansion and contraction of the passage is relatively
little in the former. Therefore, the pressure loss in the
lateral hole 3d, that is, the pressure loss in the type-D
heat exchanger 10d, is relatively low in the former.
[0064] The length of the long sides is designed such
that good performance is obtained in the distribution of
the refrigerant. Therefore, a deterioration in performance
of the heat exchanger that is attributed to a deterioration
in distribution performance can be suppressed.

[0065] Furthermore, the lateral hole 3d has a rectan-
gular shape, whereby the thickness of the heat transfer
block 4 is kept small (not increased). With a reduction in
thickness of the heat exchanger, the size and the material
cost of the heat exchanger can be reduced.

[0066] Since the cross-sectional area of the rectangu-
lar lateral hole 3d is larger than that when the lateral hole
3d has a circular shape, the material cost can be made
lower than that in the case where the lateral hole 3d has
acircular shape, by an amount of material corresponding
to the increment of the cross-sectional area.

[0067] While the above description concerns a case
where the long sides of the lateral hole 3d extend in the
longitudinal direction, the short sides of the lateral hole
3d may extend in the longitudinal direction.

Type-E Heat Exchanger

[0068] Referring to FIG. 4(a) and FIG. 4(b), a type-E
heat exchanger 10e includes, in a heat transfer block 4,
four first fluid passages 1, second fluid passages 2e pro-
vided in two layers so that each layer includes fifteen
second fluid passages 2e, and an elliptical lateral hole
3e communicating with the second fluid passages 2e.

[0069] In this case, the lateral hole 3e has a height
corresponding to the height of the second fluid passages
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2e, with its long sides extending in the longitudinal direc-
tion. The lateral hole 3e extends perpendicularly to the
second fluid passages 2e. Other configurations and op-
erations are the same as in Embodiment 1.

[0070] The type-E heat exchanger 10e configured as
described above produces the following advantageous
effects.

[0071] Specifically, in the type-E heat exchanger 10e
having the elliptical lateral hole 3e, since the passage
cross-sectional area in the lateral hole 3e is larger than
that in the case of a circular lateral hole, the influence of
the expansion and contraction of the passage is relatively
little in the former. Therefore, the pressure loss in the
lateral hole 3e, that is, the pressure loss in the type-E
heat exchanger 10e, is relatively low in the former.
[0072] The length of the long sides is designed such
that good performance is obtained in the distribution of
the refrigerant. Therefore, a deterioration in performance
of the heat exchanger that is attributed to a deterioration
in distribution performance can be suppressed.

[0073] Furthermore, the lateral hole 3e has an elliptical
shape, whereby the thickness of the heat transfer block
4 is kept small (not increased). With a reduction in thick-
ness of the heat exchanger, the size and the material
cost of the heat exchanger can be reduced.

[0074] Since the cross-sectional area of the elliptical
lateral hole 3e is larger than that when the lateral hole
3e has a circular shape, the material cost can be made
lower than that in the case where the lateral hole 3e has
acircular shape, by an amount of material corresponding
to the increment of the cross-sectional area.

[0075] The type-E heat exchanger 10e is obtained by
changing the rectangular shape of one lateral hole 3d of
the type-D heat exchanger 10d into an elliptical shape.
This makes it easy to form a lateral hole 3e by machining
such as end milling.

[0076] While the above description concerns a case
where the long sides of the lateral hole 3e extend in the
longitudinal direction, the short sides of the lateral hole
3e may extend in the longitudinal direction.

Type-F Heat Exchanger

[0077] Referring to FIG. 5(a) and FIG. 5(b), a type-F
heat exchanger 10f includes, in a heat transfer block 4,
four first fluid passages 1, second fluid passages 2f pro-
vided in two layers so that each layer includes fifteen
second fluid passages 2f, and a plurality of lateral holes
3f communicating with the second fluid passages 2f.
[0078] In this case, the lateral holes 3f each have a
diameter corresponding to the height of the second fluid
passages 2f. The plurality of (for example, two) lateral
holes 3f each extend perpendicularly to the second fluid
passages 2f and are arranged in the direction of the pas-
sages. Other configurations and operations are the same
as in Embodiment 1.

[0079] The type-F heat exchanger 10f configured as
described above produces the following advantageous
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effects.

[0080] Specifically, in the type-F heat exchanger 10f
having the plurality of lateral holes 3f, since the passage
cross-sectional area in the lateral holes 3f is larger than
that when one lateral hole is provided, the influence of
the expansion and contraction of the passage is relatively
little in the former. Therefore, the pressure loss in the
lateral holes 3f, that is, the pressure loss in the type-F
heat exchanger 10f, is relatively low in the former.
[0081] Furthermore, the plurality of lateral holes 3f are
provided, whereby the thickness of the heat transfer
block 4 is kept small (not increased). With a reduction in
thickness of the heat exchanger, the size and the material
cost of the heat exchanger can be reduced.

[0082] The length of the long sides is designed such
that good performance is obtained in the distribution of
the refrigerant. Therefore, a deterioration in performance
of the heat exchanger that is attributed to a deterioration
in distribution performance can be suppressed.

[0083] Furthermore, the plurality of lateral holes 3f are
provided, whereby the thickness of the heat transfer
block 4 is kept small (not increased). With a reduction in
thickness of the heat exchanger, the size and the material
cost of the heat exchanger can be reduced.

[0084] Since the cross-sectional area in the plurality of
lateral holes 3f is larger than that when a single circular
lateral hole 3f is provided, the material cost can be made
lower than that in the case where a single circular lateral
hole 3fis provided, by an amount of material correspond-
ing to the increment of the cross-sectional area.

[0085] The type-F heat exchanger 10f is obtained by
changing one rectangular lateral hole 3d of the type-D
heat exchanger 10d into a plurality of circular lateral
holes. This makes it easy to form lateral holes 3f by ma-
chining such as end milling.

[0086] Furthermore, with the plurality of lateral holes
3f, the pressure resistance can be improved compared
with the cases of rectangular and elliptical lateral holes.
[0087] While the above description concerns a case
where two lateral holes 3f are provided, the number of
lateral holes 3f is not limited.

Embodiment 3

[0088] FIG. 6 schematically illustrates heat exchang-
ers according to Embodiment 3 of the present invention.
FIG. 6(a) shows a sectional view of a type-H heat ex-
changer that is taken along a plane perpendicular to the
longitudinal direction. FIG. 6(b) shows a sectional view
of the type-H heat exchanger that is taken along a plane
parallel to the longitudinal direction.

[0089] FIG.6(c)shows a sectional view of a type-l heat
exchanger that is taken along a plane perpendicular to
the longitudinal direction. FIG. 6(d) shows a sectional
view of the type-| heat exchanger that is taken along a
plane parallel to the longitudinal direction. Elements that
are the same as or equivalent to those of Embodiment 1
are denoted by common reference numerals, and a de-
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scription of some of them will be omitted.

Type-H Heat Exchanger

[0090] Referring to FIG. 6(a) and FIG. 6(b), a type-H
heat exchanger 10h includes, in a heat transfer block 4,
four first fluid passages 1 provided in one layer, fifteen
second fluid passages 21a provided in one layer, alateral
hole 3h, and a slit-like space 5h extending parallel to the
second fluid passages 21a and provided on a side that
is opposite to the first fluid passages 1. Thatis, the second
fluid passages 21a are provided between the first fluid
passages 1 and the slit-like space 5h.

[0091] In this case, the slit-like space 5h is provided in
a third plane 43 that is parallel to the second plane 42a,
the lateral hole 3h extends across the second fluid pas-
sages 21a and the slit-like space 5h, and a portion of the
slit-like space 5h where the lateral hole 3h is provided is
sealed so that the second fluid does not flow into the slit-
like space 5h from the second fluid passages 21a via the
lateral hole 3h.

[0092] Specifically, a sealing block 81 is provided in a
predetermined area of the slit-like space 5h in a fluid-
tight manner, and the lateral hole 3h extends through a
portion of the sealing block 81. The method of sealing is
not limited to the use of the sealing block 81.

[0093] Hence, the lateral hole 3h functions as a pas-
sage in which, in side view, a portion that is substantially
half (a semicircle) of a circle having a diameter Dh cov-
ering the second fluid passages 21a and the slit-like
space 5h communicates with the first fluid passages 1
and the second fluid passages 21a. Other configurations
and operations are the same as in Embodiment 1.
[0094] The type-H heat exchanger 10h configured as
described above produces the following advantageous
effects.

[0095] In the type-H heat exchanger 10h in which the
diameter of the lateral hole 3h is relatively large because
of the presence of the slit-like space 5h, the passage
cross-sectional area in the portion having the lateral hole
3h (the area of the semicircular communicating portion)
is relatively large. Therefore, the influence of the expan-
sion and contraction of the passage is relatively little.
[0096] Accordingly, the pressure loss in the lateral hole
3h, thatis, in the type-H heat exchanger 10h, is kept low.
Furthermore, because of the presence of the slit-like
space 5h, a portion having the slit-like space 5h functions
as a heat insulating layer and prevents heat from being
transferred from the second fluid passages 21a to the
outside of the heat transfer block 4. Thus, the heat ex-
change performance can be improved.

[0097] While the above description concerns a case
where the lateral hole 3h has a circular cross-sectional
shape, the shape of the lateral hole 3h is not limited.

Type-l Heat Exchanger

[0098] Referring to FIG. 6(c) and FIG. 6(d), a type-I
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heat exchanger 10i is obtained by dividing the slit-like
space 5h of the type-H heat exchanger 10h into a plurality
of slit-like spaces 5i. While the slit-like spaces 5i each
having a rectangular cross-sectional shape are illustrat-
ed, the present invention is not limited to such a case.
The cross-section of each of the slit-like spaces 5i may
have a circular shape, an elliptical shape, or any other
quadrate shape such as a square shape.

[0099] In this case, a sealing block 82 is provided in a
predetermined area of each of the slit-like spaces 5i, each
having a rectangular cross-sectional shape, in a fluid-
tight manner.

[0100] Hence, the type-I heat exchanger 10i produces
the same advantageous effects as the type-H heat ex-
changer 10h and has high rigidity on a side face 45 of
the heat transfer block 4 that is near the slit-like spaces
5i. Therefore, the heat transfer block 4 is more difficult
to deform than that of the type-H heat exchanger 10h.
[0101] The method of forming a heat transfer block 4
is not limited. However, if a heat transfer block 4 is formed
by, for example, integral extrusion, the form of the slit-
like spaces 5i can more flexibly be selected with an in-
crease or decrease in the number of first fluid passages
1 and in the number of first planes 41, or an increase or
decrease in the number of second fluid passages and in
the number of second planes 42.

Embodiment 4

[0102] FIG.7 schematicallyillustrates a heat exchang-
er according to Embodiment 4 of the present invention.
FIG. 7(a) shows a sectional view of a type-J heat ex-
changer that is taken along a plane perpendicular to the
longitudinal direction. FIG. 7(b) shows a sectional view
of the type-J heat exchanger that is taken along a plane
parallel to the longitudinal direction. Elements that are
the same as or equivalent to those of Embodiment 1 are
denoted by common reference numerals, and a descrip-
tion of some of them will be omitted.

Type-J Heat Exchanger

[0103] Referring to FIG. 7(a) and FIG. 7(b), a type-J
heat exchanger 10j is obtained by dividing the slit-like
spaces 5i of the type-| heat exchanger 10i into two layers.
[0104] That is, slit-like spaces 5j include a plurality of
lower-layer slit-like spaces 51a provided at intervals in a
third plane 43a that is parallel to the second plane 42a,
and a plurality of upper-layer slit-like spaces 51b provided
at intervals in a third plane 43b that is parallel to the third
plane 43a. The lower-layer slit-like spaces 51a and the
upper-layer slit-like spaces 51b each have a substantially
square cross-sectional shape.

[0105] Each of the upper-layer slit-like spaces 51b is
provided above an area between a corresponding pair
of lower-layer slit-like spaces 51a (that is, each of the
lower-layer slit-like spaces 51ais provided below an area
between a corresponding pair of upper-layer slit-like
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spaces 51b), whereby the slit-like spaces 51a and 51b
are formed in a checkered pattern.

[0106] A sealing block 83a and a sealing block 83b are
provided in predetermined areas of each of the lower-
layer slit-like spaces 51a and each of the upper-layer slit-
like spaces 51b, respectively, in a fluid-tight manner.
[0107] Hence, exceptthatthe slit-like spaces 5jinclude
the lower-layer slit-like spaces 51b and the upper-layer
slit-like spaces 51a that serve as fine passages, the type-
J heat exchanger 10;j is identical to the type-H heat ex-
changer 10h. Therefore, the heat exchange 10j produces
the same advantageous effects as the type-H heat ex-
changer 10h.

[0108] The method of forming a heat transfer block 4
is not limited. However, if the heat transfer block 4 is
formed by, for example, integral extrusion, the form of
the slit-like spaces 5j can more flexibly be selected with
an increase or decrease in the number of first fluid pas-
sages 1 and in the number of first planes 41, or an in-
crease or decrease in the number of second fluid pas-
sages and in the number of second planes 42.

Embodiment 5

[0109] FIG. 8 schematically illustrates heat exchang-
ers according to Embodiment 5 of the present invention.
FIG. 8(a) shows a sectional view of a type-K heat ex-
changer that is taken along a plane perpendicular to the
longitudinal direction. FIG. 8(b) shows a sectional view
of the type-K heat exchanger that is taken along a plane
parallel to the longitudinal direction.

[0110] FIG. 8(c) shows a sectional view of a type-L
heat exchanger that is taken along a plane perpendicular
to the longitudinal direction. FIG. 8(d) shows a sectional
view of the type-L heat exchanger that is taken along a
plane parallel to the longitudinal direction. FIG. 8(e)
shows a sectional view of a type-M heat exchanger that
is taken along a plane perpendicular to the longitudinal
direction.

[0111] FIG. 8(f) shows a sectional view of the type-M
heat exchanger that is taken along a plane parallel to the
longitudinal direction. Elements that are the same as or
equivalentto those of Embodiment 1 are denoted by com-
mon reference numerals, and a description of some of
them will be omitted.

Type-K Heat Exchanger

[0112] Referring to FIG. 8(a) and FIG. 8(b), a type-K
heat exchanger 10k includes, in the heat transfer block
4, four first fluid passages 1, second fluid passages 2k
provided in six layers so that each layer includes fifteen
second fluid passages 2k (ninety in total), and one lateral
hole 3k extending perpendicularly to the second fluid pas-
sages 2k and communicating with the second fluid pas-
sages 2k.

[0113] That is, the type-K heat exchanger 10k is ob-
tained by adding, to the type-B heat exchanger 10b, a
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plurality of (for example, fifteen) second fluid passages
21f provided in a second plane 42f that is substantially
parallel to the first plane 41. In this case, an inside diam-
eter Dk of the lateral hole 3k is large because the lateral
hole 3k extends across the six layers of second fluid pas-
sages 2k.

Type-L Heat Exchanger

[0114] Referring to FIG. 8(c) and FIG. 8(d), a type-L
heat exchanger 101 (10-ell) is obtained by dividing the
lateral hole 3k of the type-K heat exchanger 10k into two
lateral holes. Specifically, lateral holes 31 (3-ell) include
a small-diameter lateral hole 33a that communicates with
all of three layers of second fluid passages 21a to 21¢c
defined as a lower-layer group, and a small-diameter lat-
eral hole 33b that communicates with all of three layers
of second fluid passages 21d to 21f defined as an upper-
layer group.

[0115] Hence, the inside diameter of each of the lateral
holes 31 (3-ell) is approximately 1/2 of the inside diameter
of the lateral hole 3k.

[0116] If the fluid flowing in the heat exchanger under-
goes phase transition, the flow speed of the fluid for the
same mass velocity is lowest in a liquid state, is second
lowest in a two-phase gas-liquid state, and is highest in
a gas state. To reduce the pressure loss, the inside di-
ameter of the lateral holes needs to be setin accordance
with the state of the refrigerant, that is, the flow speed of
the refrigerant.

[0117] With the aforementioned arrangement, if the
change in flow speed that depends on the state of the
fluid cannot be dealt with by the type-K heat exchanger
10k (the inside diameter Dk), the type-L heat exchanger
101 (10-ell, orthe inside diameter D1 (D-ell)) can be used.

Type-M Heat Exchanger

[0118] Referring to FIG. 8(e) and FIG. 8(f), a type-M
heat exchanger 10m is obtained by dividing the lateral
hole 3k of the type-K heat exchanger 10k into three lateral
holes. Specifically, lateral holes 3m include a small-di-
ameter lateral hole 32a that communicates with both of
two layers of second fluid passages 21a and 21b defined
as a lower-layer group, a small-diameter lateral hole 32b
that communicates with both of two layers of second fluid
passages 21c and 21d defined as a middle-layer group,
and a small-diameter lateral hole 32c that communicates
with both of two layers of second fluid passages 21e and
21f defined as an upper-layer group.

[0119] Hence, the inside diameter of each of the lateral
holes 3m is approximately 1/3 of the inside diameter of
the lateral hole 3k.

[0120] With the aforementioned arrangement, if the
change in flow speed that depends on the state of the
fluid cannot be dealt with by the type-K heat exchanger
10k or the type-L heat exchanger 101 (10-ell), the type-
M heat exchanger 10m can be used.
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[0121] While the above description concerns an exem-
plary case of the second fluid passages that are provided
in six layers, the present invention is not limited to such
a case. The second fluid passages may be provided in
any number of layers.

[0122] Moreover, any of the slit-like spaces 5h to 5j
described in Embodiments 3 and 4 may be employed. In
that case, the sealing block 81 or the like is provided to
the employed one of the slit-like spaces 5h to 5j, and the
second fluid passages 21d to 21f (or 21e and 21f) includ-
ed in one of the groups that is the nearest to the employed
one of the slit-like spaces 5h to 5j extend through a portion
of the sealing block 81 or the like.

Embodiment 6

[0123] The lateral holes described in Embodiments 1
to 5 may have an elliptical shape or a quadrate shape.
In particular, in the cases of an elliptical shape and a
quadrate shape, the width of the lateral hole can be in-
creased in the direction of flow in the second flow pas-
sages. That is, by determining the passage cross-sec-
tional area in the lateral hole in accordance with the mass
velocity of the refrigerant flowing into it and the mass
velocity ratio of vapor to liquid (to be referred to as the
quality hereinafter), the pressure loss can be reduced.
[0124] Furthermore, by designing the passage cross-
sectional area optimally, a two-phase refrigerant is al-
lowed to flow into the plurality of second fluid passages
in a mode (to be referred to as a flow regime hereinafter)
that is easily distributed evenly among the second fluid
passages.

[0125] Thus, an effect of suppressing a deterioration
in performance of the heat exchanger due to poor distri-
bution is produced. The flow that is easily distributed
evenly is any of an annular flow, an annular mist flow or
an annular dispersed flow, a bubble flow, a slug flow and
a plug flow.

[0126] Itis desirable to let the refrigerant flow into the
lateral hole in any of the foregoing flow regimes. The
mode of the flow of a two-phase fluid can be checked on
a flow regime map or a flow pattern map (for example, a
Baker’s chart (see FIG. 11)).

[0127] The following refrigeration cycle apparatus ac-
cording to Embodiment 6 of the present invention uses
the flow regimes.

[0128] Letting "G" be the mass velocity of the refriger-
ant flowing into the lateral hole;

"Gg and GI" be the mass velocities in the gas and liquid
phases, respectively;

"pg and pl" be the densities in the gas and liquid phases,
respectively;

"ug and pl" be the viscosity coefficients in the gas and
liquid phases, respectively;

"s" be the surface tension;

"pa and pw" be the densities of air and water, respective-
ly, at an atmospheric temperature of 20°C;

"uw" be the viscosity coefficient of water at an atmos-
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pheric temperature of 20°C;

"ow" be the surface tension of water with respect to air
at an atmospheric temperature of 20°C; and

%o (= ((pglpa)x(pllpw)V2)"  and "¢ (=
(ow/a) X ((l/uw) X (pw/pl)2)1/3)" be correction factors,
"GlI/IGgxAx¢" and "Gg/L" have a relation expressed on
the flow regime map in any of the respective zones of
annular flow, annular mist flow, slug flow, bubble flow,
and plug flow.

[0129] Thatis, itis preferable to determine the passage
cross-sectional area in the lateral hole such that "Gg/A >
84544 X (GI/Gg XA X $)0-676" s satisfied.

[0130] Forinstance, if the mass velocity is 200 kg/mZs;
the quality at the inlet is 0.2; and the pressure is 2 MPa,
"GI/GgXAX ¢ = 266" holds. Accordingly,
"84544 X (GI/Ggx A X $)-0-676 = 1952" holds.

[0131] In other words, it is preferable that the lateral
hole have a passage cross-sectional area satisfying
"Gg/A, > 1952." Letting "Ah" be the passage cross-sec-
tional area in the lateral hole, the foregoing range is ex-
pressed as "Ah < 2.78x 103 m2." If the passage cross-
sectional area falls outside the foregoing range, the flow
regime is deteriorated, unpreferably leading to a deteri-
oration in performance of the heat exchanger.

Embodiment 7: Heat-Pump Heating System

[0132] FIG.9is adiagram illustrating devices included
in a heat-pump heating system that utilizes heating en-
ergy, to explain a refrigeration cycle apparatus according
to Embodiment 7 of the present invention. Elements that
are the same as those of Embodiment 1 are denoted by
common reference numerals, and a description of some
of them will be omitted.

[0133] Referring to FIG. 9, a heat-pump heating sys-
tem 60 includes a use-side fluid pipe 61 in which a first
fluid flows, a heat-source-side fluid pipe 62 in which a
second fluid flows, and the type-A heat exchanger 10a
that allows the first fluid and the second fluid to exchange
heat with each other. That is, the first fluid passages 1
form a part of the use-side fluid pipe 61, and the second
fluid passages 2 form a part of the heat-source-side fluid
pipe 62.

[0134] In the heat-pump heating system 60, "water" is
used as the first fluid, and "R410a" is used as the second
fluid.

[0135] The use-side fluid pipe 61 connects the type-A
heat exchanger 10a (the first fluid passages 1), a pump
61a, and a use-side heat exchanger 61b to one another
in sequence, thereby circulating the first fluid through
them.

[0136] The heat-source-side fluid pipe 62 connects a
compressor 62a, the type-A heat exchanger 10a (the
second fluid passages 2), an expansion valve 62b, and
a heat-source-side heat exchanger 62c and a fan 62d to
one another in sequence, thereby circulating the second
fluid through them.

[0137] Thefirstfluid inthe use-side fluid pipe 61 is heat-
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ed (receives heating energy from the second fluid) in the
type-A heat exchanger 103, is discharged from the pump
61a, and rejects heat (transfers the heating energy to the
fluid or the like on the use side) in the use-side heat ex-
changer 61b. For example, a radiator, a floor heater, or
the like is applied to the use-side heat exchanger 61b,
whereby a heating system is provided.

[0138] Inthe heat-source-side fluid pipe 62, the second
fluid having a high temperature and a high pressure by
flowing through the compressor 62a exchanges heatwith
(transfers the heating energy to) the first fluid in the type-
A heat exchanger 10a. Subsequently, the pressure of
the second fluid is reduced by the expansion valve 62b.
[0139] The second fluid now having a low temperature
and a low pressure exchanges heat with (releases cool-
ing energy to) air that is blown to it by the fan 62d in the
heat-source-side heat exchanger 62c. Then, after the
second fluid has evaporated, the second fluid returns to
the compressor 62a.

[0140] As illustrated in FIG. 9, performing heating
through the use-side heat exchanger 61b by using the
heat-pump heating system 60 including the type-A heat
exchanger 10a according to the present invention as a
heat source produces an effect of saving more energy
than in known heating systems in which boilers are used
as heat sources.

[0141] While the above description concerns a case
where the type-A heat exchanger 10a is employed, the
present invention is not limited to such a case. Any of the
type-B to -M heat exchangers may be employed. More-
over, as described above, the number of first fluid pas-
sages 1, the number of layers of second fluid passages
2, and the number of second fluid passages 2 included
in each of the layers are not limited.

Embodiment 8: Heat-Pump Hot-Water Supply System

[0142] FIG. 10is a diagram illustrating devices includ-
ed in a heat-pump hot-water supply system that utilizes
heating energy, to explain a refrigeration cycle apparatus
according to Embodiment 8 of the present invention. El-
ements that are the same as those of Embodiment 1 or
2 are denoted by common reference numerals, and a
description of some of them will be omitted.

[0143] Referring to FIG. 10, a heat-pump hot-water
supply system 70 is obtained by placing the use-side
heat exchanger 61b of the heat-pump system 60 in a
tank 63 so that water supplied into the tank 63 is heated
and taken.

[0144] As illustrated in FIG. 10, supplying hot water
through the use-side heat exchanger 61b by using the
heat-pump hot-water supply system 70 (equivalent to a
heat-pump hot-water-supply/heating system) including
the type-A heat exchanger 10a according to the present
invention as a heat source produces an effect of saving
more energy than in known hot-water supply systems in
which boilers are used as heat sources.
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1"

List of Reference Signs

[0145]

1 first fluid passage

2 second fluid passage

3 lateral hole

4 heat transfer block

5 slit-like space

10a type-A heat exchanger

10b type-B heat exchanger

10c type-C heat exchanger

10d type-D heat exchanger

10e type-E heat exchanger

10f type-F heat exchanger

10h type-H heat exchanger

10i type-1 heat exchanger

10j type-J heat exchanger

10k type-K heat exchanger

101 type-L heat exchanger

10m type-M heat exchanger

21ato 21f  second fluid passage

32a small-diameter lateral hole

32b small-diameter lateral hole

32¢ small-diameter lateral hole

33a small-diameter lateral hole

33b small-diameter lateral hole

41 first plane

42ato42c  second plane

43 third plane

44 side face

45 side face

51a lower-layer slit-like space

51b upper-layer slit-like space

60 heat-pump heating system (Embodiment
6)

61 use-side fluid pipe

61a pump

61b use-side heat exchanger

62 heat-source-side fluid pipe

62a compressor

62b expansion valve

62¢c heat-source-side heat exchanger

62d fan

63 tank

70 heat-pump hot-water supply system (Em-
bodiment 7)

81 sealing block

82 sealing block

83a sealing block

83b sealing block

Claims

1. A heat exchanger comprising:

- a plurality of first fluid passages (1) provided
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parallel to one another in a first plane (41) that
is a flat plane present in a heat transfer block
(4), so as to extend through the heat transfer
block (4);

- a plurality of second fluid passages (2) provid-
ed parallel to the first fluid passages (1) in a sec-
ond plane (42) thatis presentin the heat transfer
block (4) and is parallel to the first plane (41),
so as to extend through the heat transfer block
(4); and

- at least one lateral hole (3) provided in the heat
transfer block (4) and communicating with all of the
second fluid passages (2), wherein the at least one
lateralhole (3) extends perpendicularly to the second
fluid passages (2), characterised in that a diameter
of the at least one lateral hole (3) and a number of
at least one lateral hole (3) are determined in such
a manner as to satisfy L/A2d > Ly/Ayzdy, where A, d,
and L are a passage cross-sectional area, an equiv-
alentdiameter, and a length, respectively, of the sec-
ond fluid passages (2), and Ay, dy, and Ly are a pas-
sage cross-sectional area, an equivalent diameter,
and an equivalent length, respectively, of the at least
one lateral hole (3), and

wherein the at least one lateral hole (3) communi-
cates with all of the second fluid passages (2) so as
notto protrudeinto a portion of the heat transfer block
(4) that is between the first fluid passages (1) and
some of the second fluid passages (2) that are ad-
jacent to the first fluid passages (1).

The heat exchanger according to claim 1,

wherein the second plane (42) includes second
planes (42) corresponding to a plurality of layers that
are parallel to one another, and

wherein the at least one lateral hole (3) communi-
cates with the second fluid passages (2) provided in
all of the plurality of layers.

The heat exchanger according to claim 1,

wherein the second plane (42) includes second
planes (42) corresponding to a plurality of layers that
are parallel to one another, and

wherein the at least one lateral hole (3) has a rec-
tangular shape and communicates with the second
fluid passages (2) provided in all of the plurality of
layers.

The heat exchanger according to claim 1,

wherein the second plane (42) includes second
planes (42) corresponding to a plurality of layers that
are parallel to one another, and

wherein the at least one lateral hole (3) has an ellip-
tical shape and communicates with the second fluid
passages (2) provided in all of the plurality of layers.

The heat exchanger according to claim 1,
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10.

22

wherein the second plane (42) includes second
planes (42) corresponding to a plurality of layers that
are parallel to one another, wherein the second fluid
passages (2) are divided into a plurality of groups,
and

wherein the at least one lateral hole (3) is provided
for each of the plurality of groups of second fluid pas-
sages (2).

The heat exchanger according to claim 1,

wherein the second plane (42) includes second
planes (42) corresponding to a plurality of layers, and
wherein the at least one lateral hole (3) includes a
plurality of lateral holes (3) provided at predeter-
mined intervals.

The heat exchanger according to claim 1,

further comprising a slit-like space (5) that is provid-
ed opposite to the first fluid passages (1) across the
second fluid passages (2) and has a predetermined
thickness.

The heat exchanger according to claim 7,

wherein the slit-like space (5) includes a plurality of
small-width slit-like spaces that extend parallel to
one another.

The heat exchanger according to claim 7,

wherein a sealing block (81, 82, 83) is provided in a
predetermined area of the slit-like space (5) in a fluid-
tight manner, and

wherein the at least one lateral hole (3) is formed by
machining or plasticization performed from one side
face (44, 45) of the heat transfer block (4) such that
the at least one lateral hole (3) extends through a
portion of the sealing block (81, 82, 83), and an open-
ing that is provided in the side face (44, 45) is closed.

The heat exchanger according to any one of claims
1 to 9, wherein, letting

G be a mass velocity of a refrigerant flowing into the
at least one lateral hole (3);

Gg and Gl be mass velocities in a gas phase and in
a liquid phase, respectively;

pg and pl be densities in the gas phase and in the
liquid phase, respectively;

g and pl be viscosity coefficients in the gas phase
and in the liquid phase, respectively;

o be a surface tension;

pa and pw be densities of air and water, respectively,
at an atmospheric temperature of 20°C;

pw be a viscosity coefficient of water at an atmos-
pheric temperature of 20°C;

ow be a surface tension of water with respect to air
at an atmospheric temperature of 20°C; and

Ao (= ((pglpa)X(pllpw)?) and ¢ (=
(owlo) X ((wl/uw) X (pw/pl)2)1/3) be correction factors,
the passage cross-sectional area in the at least one
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lateral hole (3) is determined in such a manner as to
satisfy a relation between Gg/i and GI/GgXA X ¢ ex-
pressed on a flow regime map as:

Gg/\ > 84544 X (Gl/GgxAx$)0-676 which holds
in respective zones of annular flow, annular mist
flow, slug flow, bubble flow, and plug flow.

A refrigeration cycle apparatus comprising

a use-side fluid pipe in which a first fluid is adapted
to flow;

a heat-source-side fluid pipe in which a second fluid
is adapted to flow; and the heat exchanger according
to any one of claims 1 to 10 that is adapted to allow
the first fluid and the second fluid to exchange heat
with each other,

wherein the use-side fluid pipe connects the first fluid
passages (1) of the heat exchanger, a pump that is
adapted to feed the first fluid, and a use-side heat
exchanger to one another in sequence so as to cir-
culate the first fluid therethrough, and

wherein the heat-source-side fluid pipe connects a
compressor configured to compress the second fluid
in the heat exchanger, the second fluid passages
(2), an expansion valve, and the heat-source-side
heat exchanger to one another in sequence so as to
circulate the second fluid therethrough.

Patentanspriiche

1.

Warmetauscher, der Folgendes aufweist:

- eine Vielzahl von ersten Fluid-Durchlassen (1),
die parallel zueinander in einer ersten Ebene
(41) angeordnet sind, die eine flache Ebene ist,
die in einem Warmedbertragungsblock (4) so
vorliegt, dass sie sich durch den Warmeubertra-
gungsblock (4) hindurch erstreckt;

- eine Vielzahl von zweiten Fluid-Durchlassen
(2), die parallel zu den ersten Fluid-Durchlassen
(1) in einer zweiten Ebene (42) angeordnet sind,
die in dem Warmeubertragungsblock (4) so vor-
liegt und parallel zu der ersten Ebene (41) ist,
dass sie sich durch den Warmelbertragungs-
block (4) hindurch erstreckt; und

- mindestens ein laterales Loch (3), das in dem
Warmelbertragungsblock (4) angeordnet ist
und mit sdmtlichen der zweiten Fluid-Durchlas-
se (2) in Verbindung steht,

wobei sich das mindestens eine laterale Loch (3)
senkrecht zu den zweiten Fluid-Durchlassen (2) er-
streckt,

dadurch gekennzeichnet,

dass der Durchmesser des mindestens einen late-
ralen Lochs (3) und die Anzahl von mindestens ei-
nem lateralen Loch (3) in einer solchen Weise be-
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stimmtsind, dass die Relation L/A2d > Ly/AyzdyerfUIIt
ist, wobei A, d und L eine Durchlass-Querschnitts-
flache, ein aquivalenter Durchmesser beziehungs-
weise eine Lange der zweiten Fluid-Durchlasse (2)
sind, und wobei Ay, dy und Ly eine Durchlass-Quer-
schnittsflache, ein aquivalenter Durchmesser bezie-
hungsweise eine dquivalente Ladnge des mindestens
einen lateralen Lochs (3) sind und

wobei das mindestens eine laterale Loch (3) mit
samtlichen der zweiten Fluid-Durchlasse (2) in Ver-
bindung steht, so dass es nicht in einen Bereich des
Warmelbertragungsblocks (4) hineinragt, der sich
zwischen den ersten Fluid-Durchldssen (1) und ei-
nigen der zweiten Fluid-Durchlasse (2) befindet, die
benachbart zu den ersten Fluid-Durchlassen (1)
sind.

Warmetauscher nach Anspruch 1,

wobei die zweite Ebene (42) zweite Ebenen (42) auf-
weist,

die einer Vielzahl von Schichten entsprechen, die
parallel zueinander sind, und

wobei das mindestens eine laterale Loch (3) mitden
zweiten Fluid-Durchldssen (2) in Verbindung steht,
die in sdmtlichen der Vielzahl von Schichten ange-
ordnet sind.

Warmetauscher nach Anspruch 1,

wobei die zweite Ebene (42) zweite Ebenen (42) auf-
weist,

die einer Vielzahl von Schichten entsprechen, die
parallel zueinander sind, und

wobei das mindestens eine laterale Loch (3) eine
rechteckige Form aufweist und mit den zweiten Flu-
id-Durchlassen (2) in Verbindung steht, die in samt-
lichen der Vielzahl von Schichten angeordnet sind.

Warmetauscher nach Anspruch 1,

wobeidie zweite Ebene (42) zweite Ebenen (42) auf-
weist,

die einer Vielzahl von Ebenen entsprechen, die pa-
rallel zueinander sind, und wobei das mindestens
eine laterale Loch (3) eine elliptische Form aufweist
und mit den zweiten Fluid-Durchldssen (2) in Ver-
bindung steht, die in samtlichen der Vielzahl von
Schichten angeordnet sind.

Warmetauscher nach Anspruch 1,

wobei die zweite Ebene (42) zweite Ebenen (42) auf-
weist,

die einer Vielzahl von Schichten entsprechen, die
parallel zueinander sind, wobei die zweiten Fluid-
Durchlasse (2) in eine Vielzahl von Gruppen aufge-
teilt sind und

wobei das mindestens eine laterale Loch (3) fir jede
der Vielzahl von Gruppen von zweiten Fluid-Durch-
lassen (2) vorgesehen ist.
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Warmetauscher nach Anspruch 1,

wobei die zweite Ebene (42) zweite Ebenen (42) auf-
weist,

die einer Vielzahl von Schichten entsprechen, und
wobei das mindestens eine laterale Loch (3) eine
Vielzahl von lateralen Léchern (3) aufweist, die in
vorgegebenen Abstanden angeordnet sind.

Warmetauscher nach Anspruch 1,

der ferner einen schlitzartigen Zwischenraum (5)
aufweist, der entgegengesetzt zu den ersten Fluid-
Durchlassen (1) Uiber die zweiten Fluid-Durchlasse
(2) hinweg vorgesehen istund eine vorgegebene Di-
cke aufweist.

Warmetauscher nach Anspruch 7,

wobei der schlitzartige Zwischenraum (5) eine Viel-
zahl von schlitzartigen Zwischenrdumen mit gerin-
ger Breite aufweist, die sich parallel zueinander er-
strecken.

Warmetauscher nach Anspruch 7,

wobei ein Dichtungsblock (81, 82, 83) in einem vor-
gegebenen Bereich des schlitzartigen Zwischen-
raums (5) in einer fluid-dichten Weise angeordnet ist
und

wobei das mindestens eine laterale Loch (3) mittels
maschineller Bearbeitung oder Plastifizierung gebil-
det ist, die von einer Seitenflache (44, 45) des War-
metbertragungsblocks (4) aus derart durchgefiihrt
wird, dass sich das mindestens eine laterale Loch
(3) durch einen Bereich des Dichtungsblocks (81,
82, 83) hindurch erstreckt und eine (")ffnung, die in
der Seitenflache (44, 45) angeordnet ist, geschlos-
sen ist.

Warmetauscher nach einem der Anspriiche 1 bis 9,
wobei dann, wenn

G eine Massengeschwindigkeit eines Kaltemittels
ist, das in das mindestens eine laterale Loch (3) hi-
nein stromt;

Gg und gl Massengeschwindigkeiten in einer Gas-
phase beziehungsweise in einer Flissigphase sind;
pg und pl Dichten in der Gasphase beziehungsweise
in der Flissigphase sind; pg und pl Viskositatskoef-
fizienten in der Gasphase beziehungsweise in der
Flussigphase sind;

o eine Oberflachenspannung ist;

pa und pw Dichten von Luft beziehungsweise Was-
ser bei einer Atmospharentemperatur von 20 °C
sind;

pw ein Viskositatskoeffizient von Wasser bei einer
Atmospharentemperatur von 20 °C ist;

ow eine Oberflachenspannung von Wasserin Bezug
auf Luft bei einer Atmospharentemperatur von 20 °C
ist; und

A (=((pg/pa)x(pl/pw))'’2)
(=(owlo)x((wl/mw)x(pw/pl)2)173)

und [}
Korrekturfaktoren
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sind,

die Durchlass-Querschnittsflaiche in dem mindes-
tens einen lateralen Loch (3) in einer solchen Weise
bestimmt ist, dass eine Relation zwischen Gg/A und
GlIGgxix®d) erfillt ist, die in einer Stromungsmodell-
karte folgendermalen ausgedriickt wird:

Gg/\ > 84544x(Gl/Ggxix®) 0676, was in jewei-
ligen Zonen einer ringférmigen Strémung, einer
ringférmigen Nebelstrdomung, einer Schwall-
strdbmung, einer Blasenstrdomung und einer
Pfropfenstrdmung gilt.

Kaltekreislauf-Vorrichtung, die Folgendes aufweist:

- ein Fluid-Rohr auf der Nutzungsseite, in dem
ein erstes Fluid stromen kann;

- ein Fluid-Rohr auf der Seite der Warmequelle,
in dem ein zweites Fluid stromen kann;

- und einen Warmetauscher nach einem der An-
spriiche 1 bis 10,

der daflr ausgelegtist, es dem ersten Fluid und dem
zweiten Fluid zu ermdglichen, Warme miteinander
auszutauschen,

wobei das Fluid-Rohr auf der Nutzungsseite die ers-
ten Fluid-Durchlasse (1) des Warmetauschers, eine
Pumpe, die daflir ausgelegt ist, das erste Fluid zu-
zufuhren, sowie einen Warmetauscher auf der Nut-
zungsseite der Reihe nach miteinander verbindet,
so dass das erste Fluid durch diese hindurch zirku-
liert, und

wobei das Fluid-Rohr auf der Seite der Warmequelle
einen Kompressor, der so konfiguriert ist, dass er
das zweite Fluid in dem Warmetauscher kompri-
miert, die zweiten Fluid-Durchlasse (2), ein Expan-
sionsventil sowie einen Warmetauscher auf der Sei-
te der Warmequelle der Reihe nach miteinander ver-
bindet, so dass das zweite Fluid durch diese hin-
durch zirkuliert.

Revendications

1.

Echangeur de chaleur comprenant :

- une pluralité de premiers passages a fluide (1)
prévus parallélement les uns aux autres dans
un premier plan (41) qui est un plan plat présent
dans un bloc de transfert de chaleur (4), de ma-
niére a s’étendre a travers le bloc de transfert
de chaleur (4);

- une pluralité de seconds passages a fluide (2)
prévus parallélement aux premiers passages a
fluide (1) dans un second plan (42) qui est pré-
sent dans le bloc de transfert de chaleur (4) et
qui est paralléle au premier plan (41), de manié-
re a s’étendre a travers le bloc de transfert de
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chaleur (4); et

- au moins un trou latéral (3) prévu dans le bloc
de transfert de chaleur (4) et communiquant
avec tous les seconds passages a fluide (2),

dans lequel ledit au moins un trou latéral (3) s’étend
perpendiculairement aux seconds passages a fluide
@),

caractérisé en ce

qu’un diameétre dudit au moins un trou latéral (3) et
un nombre de trous latéraux (3) sont déterminés de
maniére a satisfaire larelation L/A2d > Ly/Ayzdy, dans
laquelle A, d et L sont une aire de section transver-
sale de passage, un diametre équivalent et une lon-
gueur, respectivement, des seconds passages aflui-
de (2), et Ay, dy et Ny sont une aire de section trans-
versale de passage, un diameétre équivalent, et une
longueur équivalente, respectivement, dudit au
moins un trou latéral (3), etdans lequel ledit au moins
un trou latéral (3) communique avec tous les se-
conds passages a fluide (2) de maniére a ne pas se
projeter dans une portion du bloc de transfert de cha-
leur (4) qui se trouve entre les premiers passages a
fluide (1) et quelques-uns des seconds passages a
fluide (2) qui sont adjacents aux premiers passages
a fluide (1).

Echangeur de chaleur selon la revendication 1,
dans lequel le second plan (42) inclut des seconds
plans (42) correspondant a une pluralité de couches
qui sont paralléles les unes aux autres, et

dans lequel ledit au moins un trou latéral (3) com-
munique avec les seconds passages a fluide (2) pré-
vus dans toutes les couches de la pluralité de cou-
ches.

Echangeur de chaleur selon la revendication 1,
dans lequel le second plan (42) inclut des seconds
plans (42) correspondant a une pluralité de couches
quisontparalléles les unes aux autres, et danslequel
ledit au moins un trou latéral (3) a une forme rectan-
gulaire et communique avec les seconds passages
a fluide (2) prévus dans toutes les couches de la
pluralité de couches.

Echangeur de chaleur selon la revendication 1,
dans lequel le second plan (42) inclut des seconds
plans (42) correspondant a une pluralité de couches
quisontparalléles les unes aux autres, et dans lequel
leditau moins untrou latéral (3) a une forme elliptique
et communique avec les seconds passages a fluide
(2) prévus dans toutes les couches de la pluralité de
couches.

Echangeur de chaleur selon la revendication 1,
dans lequel le second plan (42) inclut des seconds
plans (42) correspondant a une pluralité de couches
qui sont paralléles les unes aux autres,
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dans lequel les seconds passages a fluide (2) sont
divisés en une pluralité de groupes, et
danslequelleditaumoins un trou latéral (3) est prévu
pour chaque groupe de la pluralité de groupes de
seconds passages a fluide (2).

Echangeur de chaleur selon la revendication 1,
dans lequel le second plan (42) inclut des seconds
plans (42) correspondant a une pluralité de couches,
et

dans lequel ledit au moins un trou latéral (3) inclut
une pluralité de trous latéraux (3) prévus aintervalles
prédéterminés.

Echangeur de chaleur selon la revendication 1,
comprenant en outre un espace (5) semblable a une
fente, qui est prévu a I'opposé des premiers passa-
ges a fluide (1) a travers les seconds passages a
fluide (2) et qui a une épaisseur prédéterminée.

Echangeur de chaleur selon la revendication 7,
dans lequel I'espace semblable a une fente (5) inclut
une pluralité d’espaces semblables a des fentes de
petite largeur, qui s’étendent parallélement les uns
aux autres.

Echangeur de chaleur selon la revendication 7,
dans lequel un bloc d’étanchement (81, 82, 83) est
prévu dans une zone prédéterminée de I'espace
semblable a une fente (5) d'une maniére étanche
aux fluides, et

danslequelleditau moins un trou latéral (3) estformé
par usinage ou par plastification exécuté(e) depuis
une face latérale (44, 45) du bloc de transfert de
chaleur (4) de telle fagon que ledit au moins un trou
latéral (3) s’étend a travers une portion du bloc
d’étanchement (81, 82, 83), et une ouverture qui est
prévue dans la face latérale (44, 45) est fermée.

Echangeur de chaleur selon 'une quelconque des
revendications 1 a 9, dans lequel, étant donné que
G est une vitesse massique d’un réfrigérant s’écou-
lant jusque dans ledit au moins un trou latéral (3);
Gg et Gl sontdes vitesses massiques dans une pha-
se gazeuse et dans une phase liquide, respective-
ment;

pg et pl sont des densités dans la phase gazeuse et
dans la phase liquide, respectivement;

g et ul sont des coefficients de viscosité dans la
phase gazeuse et dans la phase liquide, respective-
ment;

o est une tension superficielle;

pa et pw sont les densités de l'air et de I'eau, res-
pectivement, a une température atmosphérique de
20 °C;

pw est un coefficient de viscosité de I'eau a une tem-
pérature atmosphérique de 20 °C;

ow est une tension superficielle de I'eau par rapport
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al’air a une température atmosphérique de 20 °C; et
Ao (= ((eglpa)x(pllpw)2) et o (=
(oW/o)x((wl/ pw)x(pw/pl)2)173) sont des facteurs de
correction,

I'aire de section transversale de passage dans ledit
au moins un trou latéral est déterminée de maniére
a satisfaire une relation entre Gg/A et GI/Ggxixd,
exprimée sur une carte du régime d’écoulement
comme :

Gg/\ > 84544x(GlIGgxix¢)-0-676, qui s’applique
dans des zones respectives de flux annulaire,
de flux de brouillard annulaire, de flux disconti-
nu, de flux en forme de bulles, et de flux piston.

Appareil a cycle de réfrigération comprenant

un tube de fluide c6té utilisation dans lequel un pre-
mier fluide est adapté a s’écouler;

un tube de fluide c6té source de chaleur dans lequel
un second fluide est adapté a s’écouler;

et I'échangeur de chaleur selon 'une quelconque
desrevendications 1a 10, qui est adapté a permettre
au premier fluide et au second fluide d’échanger de
la chaleur I'un avec l'autre,

dans lequel le tube de fluide c6té utilisation connecte
les premiers passages a fluide (1) de I'échangeur de
chaleur, une pompe qui est adaptée a alimenter le
premier fluide, et un échangeur de chaleur cbté uti-
lisation, les uns aux autres en séquence de maniére
a faire circuler le premier fluide a travers ceux-ci, et
dans lequel le tube pour fluide c6té source de chaleur
est connecté a un compresseur configuré pour com-
primer le second fluide dans I'’échangeur de chaleur,
les seconds passages a fluide (2), une valve d’ex-
pansion, et 'échangeur de chaleur c6té source de
chaleur, les uns aux autres en séquence de maniére
a faire circuler le second fluide a travers ceux-ci.
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