EP 4 265 982 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

EP 4 265 982 A1

(11)

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
25.10.2023 Bulletin 2023/43

(21) Application number: 21906349.2

(22) Date of filing: 01.12.2021

(51) International Patent Classification (IPC):
F25B 39/02 (20060 F28D 3/02 (2006.0%)
F28D 7/16(2006.0) F28F 13/02 (20069
F25B 1/00 (2006.0%)

(52) Cooperative Patent Classification (CPC):

F25B 1/00; F25B 39/02; F28D 3/02; F28D 7/16;

F28F 13/02

(86) International application number:

PCT/JP2021/044142

(87) International publication number:

WO 2022/130986 (23.06.2022 Gazette 2022/25)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 17.12.2020 JP 2020208993
24.02.2021 JP 2021027382

(71) Applicant: Panasonic Intellectual Property
Management Co., Ltd.
Osaka-shi, Osaka 540-6207 (JP)

(72) Inventor: KUSAKA, Michiyoshi
Kadoma-shi, Osaka 571-0057 (JP)

(74) Representative: Eisenfiihr Speiser
Patentanwalte Rechtsanwilte PartGmbB
Postfach 31 02 60
80102 Miinchen (DE)

(54)
EXCHANGE METHOD

(67) An evaporator 101 is configured as a
shell-and-tube heat exchanger. The evaporator 101 in-
cludes a plurality of heat transfer tubes 22 in which a first
fluid flows, and a plurality of nozzles 24 for spraying a
second fluid toward the plurality of heat transfer tubes
22. When a direction parallel to the longitudinal direction
of the heat transfer tubes 22 is defined as X direction,
the vertical direction perpendicular to the X direction is
defined as Y direction, and a direction perpendicular to
the X direction and the Y direction is defined as Z direc-
tion, the plurality of nozzles 24 include a plurality of first
nozzles 24a that spray the second fluid from a first side
toward a second side in the Z direction, and a plurality
of second nozzles 24b that spray the second fluid from
the first side toward the second side in the Z direction.
On a projected image obtained by projecting the plurality
of first nozzles 24a and the plurality of second nozzles
24b in the Z direction, the plurality of first nozzles 24a
and the plurality of second nozzles 24b form a staggered
arrangement pattern.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a shell-and-
tube heat exchanger, a refrigeration cycle device, and a
heat exchange method.

BACKGROUND ART

[0002] A technique for cooling a refrigerant inside a
heat transfer tube by sprinkling cooling water toward the
heat transfer tube, has been known. FIG. 19 illustrates
a conventional evaporative condenser described in Pat-
ent Literature 1 (FIG. 9). A water spraying portion 330 of
an evaporative condenser 300 has a plurality of water
spraying nozzles 334 for spraying cooling water CW to-
ward condenser coils 326. Through heat exchange be-
tween the cooling water CW and a refrigerant R circulat-
ing in the condenser coils 326, the cooling water CW
evaporates and the refrigerant R is cooled and con-
densed.

CITATION LIST
Patent Literature

[0003] Patent Literature 1: WO2017/073367

SUMMARY OF INVENTION
Technical Problem

[0004] According to the present disclosure, a shell-
and-tube heat exchanger that is advantageous in that
dryout is inhibited on outer surfaces of a plurality of heat
transfer tubes, is provided.

Solution to Problem

[0005] A shell-and-tube heat exchanger of the present
disclosure includes:

a shell;

a plurality of heat transfer tubes disposed inside the
shell; and

a nozzle, wherein

the shell-and-tube heat exchanger satisfies the fol-
lowing conditions (la), (Ib), (Ic), and (Id) or the fol-
lowing conditions (lla), (IIb), (lic), and (lid),

(la) the plurality of heat transfer tubes is disposed
inside the shell in a manner that the heat transfer
tubes are parallel to each other, and a first fluid flows
in the plurality of heat transfer tubes,

(Ib) the nozzle includes a plurality of nozzles that is
disposed inside the shell, and that spray a second
fluid toward the plurality of heat transfer tubes,

(Ic) when a direction parallel to a longitudinal direc-
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tion of the plurality of heat transfer tubes is defined
as an X direction, a direction perpendicular to the X
direction is defined as a Y direction, and a direction
perpendicular to the X direction and the Y direction
is defined as a Z direction,

the plurality of nozzles includes a plurality of first noz-
zles that sprays the second fluid from a first side
toward a second side in the Z direction, and a plurality
of second nozzles that sprays the second fluid from
the first side toward the second side in the Z direction,
(Id) on a projected image obtained by projecting the
plurality of first nozzles and the plurality of second
nozzles in the Z direction, the plurality of first nozzles
and the plurality of second nozzles form a staggered
arrangement pattern,

(lla) the plurality of heat transfer tubes constitutes a
heat transfer tube group,

(llb) the nozzle sprays liquid toward the heat transfer
tube group,

(llc) the heat transfer tube group includes a first tier
having a plurality of heat transfer tubes arranged
along a first plane, and a second tier that has a plu-
rality of heat transfer tubes arranged along a second
plane parallel to the first plane and that is adjacent
to the first tier in a direction perpendicular to the first
plane, and

(1ld) the nozzle sprays the liquid to form a flat spray
pattern that has a spray axis passing between a first
end portion, which is close to the second tier in the
direction perpendicular to the first plane, of the plu-
rality of heat transfer tubes in the first tier and a sec-
ond end portion, which is close to the first tier in the
direction perpendicular to the first plane, of the plu-
rality of heat transfer tubes in the second tier and
that passes between the first tier and the second tier.

[0006] Furthermore, a heat exchange method of the
present disclosure includes:

causing a heat medium to pass in a heat transfer
tube group that includes a first tier having a plurality
of heat transfer tubes arranged along a first plane,
and a second tier that has a plurality of heat transfer
tubes arranged along a second plane parallel to the
first plane and that is adjacent to the first tier in a
direction perpendicular to the first plane; and
spraying a liquid toward the heat transfer tube group
to form aflat spray pattern that has a spray axis pass-
ing between a first end portion, which is close to the
second tier in the direction perpendicular to the first
plane, the plurality of heat transfer tubes in the first
tier and a second end portion, which is close to the
first tier in the direction perpendicular to the first
plane, of the plurality of heat transfer tubes in the
second tier and that passes between the first tier and
the second tier, and causing heat exchange between
the heat medium and the liquid.
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Advantageous Effects of Invention

[0007] In the shell-and-tube heat exchanger of the
present disclosure, in a case where the conditions (la),
(Ib), (Ic), and (Id) are satisfied, the surfaces of the plurality
of heat transfer tubes can be made uniformly wet with
the second fluid sprayed from the plurality of first nozzles
to fourth nozzles. Thus, dryout can be inhibited. Further-
more, in a case where the conditions (lla), (1Ib), (llc), and
(1ld) are satisfied, liquid can be sprayed toward the heat
transfer tube group to form a flat spray pattern having a
spray axis that passes between the first end portions of
the plurality of heat transfer tubes in the first tier and the
second end portions of the plurality of heat transfer tubes
in the second tier. The spray pattern passes between the
firsttier and the second tier. In the heat exchange method
of the present disclosure, liquid can be sprayed toward
the heat transfer tube group to form such a spray pattern.
Thus, dryout can be inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
FIG. 1 is a configuration diagram illustrating a refrig-
eration cycle device according to Embodiment 1 of

the present disclosure;
FIG. 2 is a longitudinal cross-sectional view of an

evaporator as taken along a line lI-1l in FIG. 1;
FIG. 3 is a transverse cross-sectional view of the
evaporator as taken along a line llI-1ll in FIG. 1;

FIG. 4A is a side view of the evaporator as taken
along a line IVA-IVA in FIG. 2;

FIG. 4B is a side view of the evaporator as taken
along a line IVB-IVB in FIG. 2;

FIG. 5A is a cross-sectional view of the evaporator
as taken along a line VA-VA in FIG. 2;

FIG. 5B is a cross-sectional view of the evaporator
as taken along a line VB-VB in FIG. 2;

FIG. 6 is adiagram illustrating moving directions and
a dropping state of a refrigerant sprayed from a first
nozzle and a third nozzle toward a plurality of heat
transfer tubes;

FIG. 7A is a diagram illustrating a position relation-
ship between a nozzle plane defined by the first noz-
zle and the third nozzle, and a nozzle plane defined
by a second nozzle and a fourth nozzle;

FIG. 7B is a diagram illustrating a state of the refrig-
erant at each nozzle plane after the refrigerant is
sprayed;

FIG. 8 is a transverse cross-sectional view of an
evaporator according to Embodiment 2 of the
present disclosure;

FIG. 9is aside view of the evaporator as taken along
aline IX-IXin FIG. 8;

FIG. 10A is a cross-sectional view of the evaporator
as taken along a line XA-XA in FIG. 8;

FIG. 10B is a cross-sectional view of the evaporator
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as taken along a line XB-XB in FIG. 8;

FIG. 11 is a diagram illustrating a configuration of a
refrigeration cycle device according to Embodiment
3 of the present disclosure;

FIG. 12 is a longitudinal cross-sectional view of an
evaporator as taken at a line lI-ll in FIG. 11 as a
cutting plane line;

FIG. 13A is a diagram illustrating a spray pattern of
a liquid phase refrigerant sprayed from a nozzle;
FIG. 13B is a diagram illustrating a spray pattern of
the liquid phase refrigerant sprayed from the nozzle;
FIG. 14 is a longitudinal cross-sectional view of the
evaporator as taken at a line IV-IV in FIG. 11 as a
cutting plane line;

FIG. 15 is a diagram illustrating a region over which
the liquid phase refrigerant is sprayed;

FIG. 16 is a diagram illustrating a state where the
liquid phase refrigerant is sprayed and flows;

FIG. 17 is a diagram illustrating a region over which
a liquid phase refrigerant is sprayed in Embodiment
4 of the present disclosure;

FIG. 18 is adiagram illustrating a state where a liquid
phase refrigerant is sprayed and flows in Embodi-
ment 5 of the present disclosure; and

FIG. 19 is a cross-sectional view of a conventional
evaporative condenser.

DESCRIPTION OF EMBODIMENTS

(Findings on which the present disclosure is based, and
the like)

[0009] If a conventional configuration of nozzles is ap-
plied to a shell-and-tube heat exchanger, dryout is likely
to occur at specific positions. Heat exchange does not
occur at a surface on which dryout has occurred, and the
shell-and-tube heat exchanger cannot sufficiently exhibit
its performance. If occurrence of dryout can be prevent-
ed, the shell-and-tube heat exchanger can sufficiently
exhibit its performance. Based on such findings, the
presentinventor has configured the subject of the present
disclosure. The "dryout surface" refers to a surface on
which liquid films of a refrigerant do not exist.

[0010] At the time when the present inventor has con-
ceived of the present disclosure, liquid such as cooling
water has been attempted to be sprayed toward heat
transfer tubes by using nozzles in a shell-and-tube heat
exchanger. In such a situation, the present inventor has
obtained an idea that performance of a shell-and-tube
heat exchanger can be enhanced, by obtaining a hint
from a flow of liquid sprayed from nozzles. The present
inventor has found that, in realizing the idea, there is a
problem that, for example, if a spray pattern of a liquid
phase refrigerant has a conical shape, the liquid phase
refrigerant, which is in the form of mist, is unlikely to reach
an outer surface of a heat transfer tube that is far from a
nozzle, and dryout is thus likely to occur. The present
inventor has configured the subject of the present disclo-
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sure in order to solve the problem.

[0011] Therefore, according to the present disclosure,
a shell-and-tube heat exchanger that is advantageous in
that dryout is inhibited on outer surfaces of a plurality of
heat transfer tubes, is provided.

[0012] Embodiments will be described below in detail
with reference to the drawings. However, unnecessarily
detailed description may be omitted. For example, de-
tailed description for well-known matter, or repeated de-
scription for substantially the same components may be
omitted. This is for the purpose of preventing the following
description from being unnecessarily redundant, and al-
lowing a person skilled in the art to easily understand the
present disclosure.

[0013] The accompanying drawings and the following
description are provided for allowing a person skilled in
the art to sufficiently understand the present disclosure,
and are not intended to limit the subject of claims.

(Embodiment 1)

[0014] Embodiment 1 will be described below with ref-
erence to FIG. 1 to FIG. 7B.

[1-1. Configuration]

[0015] FIG. 1 illustrates a configuration of a refrigera-
tion cycle device in which a shell-and-tube heat exchang-
er is used. A refrigeration cycle device 100 includes an
evaporator 101, a compressor 102, a condenser 103, a
flow valve 104, a flow path 110a, a flow path 110b, a flow
path 110c, and a flow path 11 0d. The outlet of the evap-
orator 101 is connected to the inlet of the compressor
102 through the flow path 110a. The outlet of the com-
pressor 102 is connected to the inlet of the condenser
103 through the flow path 110b. The outlet of the con-
denser 103 is connected to the inlet of the flow valve 104
through the flow path 110c. The outlet of the flow valve
104 is connected to the inlet of the evaporator 101
through the flow path 110d. The flow paths 110a and
110b are vapor paths. The flow path 110c and the flow
path 110d are liquid paths. Each path is, for example,
formed of at least one metal tube.

[0016] The evaporator 101 is configured by a shell-
and-tube heat exchanger as described below.

[0017] The compressor 102 may be a dynamic com-
pressor such as a centrifugal compressor, or may be a
positive displacement compressor such as a scroll com-
pressor.

[0018] The type of the condenser 103 is not particularly
limited. A heat exchanger such as a plate heat exchanger
and a shell-and-tube heat exchanger can be used for the
condenser 103.

[0019] The refrigeration cycle device 100 is, for exam-
ple, a business-use or home-use air conditioner. A heat
medium cooled by the evaporator 101 is supplied through
a circuit 105 into a room, and used for cooling the room.
Alternatively, a heat medium heated by the condenser
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103 is supplied through a circuit 106 into a room, and
used for heating the room. The heat medium is, for ex-
ample, water. However, the refrigeration cycle device
100 is not limited to an air conditioner, and may be an-
other device such as a chiller and a heat storage device.
The refrigeration cycle device 100 may be an absorption
refrigerator that includes an evaporator, an absorber, a
regenerator, and a condenser.

[0020] The circuit 105 is a circuit for circulating a heat
medium in the evaporator 101. The circuit 106 is a circuit
for circulating a heat medium in the condenser 103. The
circuit 105 and the circuit 106 may be sealed circuits iso-
lated from outside air.

[0021] The heat mediumis afirstfluid that flows in each
of the circuit 105 and the circuit 106. The heat medium
is not limited to water, and may be liquid such as oil or
brine, or may be gas such as air. A composition of the
heat medium in the circuit 105 may be different from a
composition of the heat medium in the circuit 106.
[0022] By actuating the compressor 102, a refrigerant
is heated and evaporated in the evaporator 101. Thus,
a gas phase refrigerant is generated. The gas phase re-
frigerant is suctioned into the compressor 102 and com-
pressed. The compressed gas phase refrigerant is sup-
plied from the compressor 102 to the condenser 103.
The gas phase refrigerant is cooled, and condensed and
liquefied in the condenser 103. Thus, a liquid phase re-
frigerant is generated. The liquid phase refrigerant is re-
turned from the condenser 103 through the flow valve
104 to the evaporator 101.

[0023] The type of the refrigerant is not particularly lim-
ited. Examples of the refrigerant include a fluorocarbon
refrigerant, a low GWP (global warming potential) refrig-
erant, and a natural refrigerant. Examples of the fluoro-
carbon refrigerant include HCFC (hydrochlorofluorocar-
bon) and HFC (hydrofluorocarbon). Examples of the low
GWP refrigerant include HFO-1234yf and water. Exam-
ples of the natural refrigerant include carbon dioxide and
water.

[0024] The refrigerant may be a refrigerant that con-
tains, as a main component, a substance of which the
saturated vapor pressure is a negative pressure at ordi-
nary temperature. Examples of such arefrigerant include
a refrigerant that contains water, alcohol, or ether as a
main component. The "main component" represents a
component having the largest content at a mass ratio.
The "negative pressure" represents a pressure which is
lower than atmospheric pressure on an absolute pres-
sure basis. The "ordinary temperature" represents a tem-
perature in a range of 20°C+15°C according to the Jap-
anese Industrial Standard (JIS Z8703).

[0025] The refrigerantis an example of a second fluid
that is to exchange heat with a heat medium as the first
fluid.

[0026] FIG. 2 is a longitudinal cross-sectional view of
the evaporator 101 as taken along a line II-1l. FIG. 3 is a
transverse cross-sectional view of the evaporator 101 as
taken along a line llI-1ll. As shown in FIG. 2 and FIG. 3,
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the evaporator 101 is configured as a shell-and-tube heat
exchanger. The evaporator 101 includes a shell 21, a
plurality of heat transfer tubes 22, a plurality of nozzles
24, a circulation circuit 25, and a circulation pump 26.
The plurality of heat transfer tubes 22 and the plurality
of nozzles 24 are disposed inside the shell 21. The plu-
rality of nozzles 24 include a plurality of first nozzles 24a,
a plurality of second nozzles 24b, a plurality of third noz-
zles 24c, and a plurality of fourth nozzles 24d. The plu-
rality of heat transfer tubes 22 are disposed between a
nozzle group including the plurality of first nozzles 24a
and the plurality of second nozzles 24b, and a nozzle
group including the plurality of third nozzles 24c¢ and the
plurality of fourth nozzles 24d. The refrigerant is efficient-
ly evaporated in the evaporator 101, whereby a coeffi-
cient of performance (COP) of a refrigerating cycle can
be enhanced.

[0027] The plurality of heat transfer tubes 22 includes
around tube having a round cross-section. In FIG. 2 and
FIG. 3, all of the heat transfer tubes 22 are round tubes
having a round cross-section. A heat medium as the first
fluid flows from the inlet of the heat transfer tube 22 to-
ward the outlet thereof. Each of the heat transfer tubes
22 penetrates through faces of the shell 21 which are
opposite each other.

[0028] The heattransfertubes 22 are disposed parallel
to each other inside the shell 21. More specifically, the
heat transfer tubes 22 are regularly aligned in a plurality
oflines ata plurality of tiers inside the shell 21. Theregular
alignment is advantageous in that the liquid film is made
uniformly thin on the surface of the heat transfer tube 22.
[0029] In the present embodiment, the direction paral-
lel to the longitudinal direction of the heat transfer tube
22 is defined as X direction. The vertical direction per-
pendicular to the X direction is defined as Y direction.
The direction perpendicular to the X direction and the Y
direction is defined as Z direction. The Y direction and
the Z direction represent a tier direction and a line direc-
tion, respectively. The Y direction can be the direction
parallel to the gravitational direction. The X direction and
the Z direction can be directions parallel to the horizontal
direction.

[0030] Asshownin FIG. 3, on a cross-section perpen-
dicular to the X direction and parallel to the Y direction
and the Z direction, the heat transfer tubes 22 are located
on grid points of a square grid. More specifically, the cent-
er of each heat transfer tube 22 is located at the grid point
of the square grid. However, the manner in which the
heat transfer tubes 22 are aligned is not limited to a par-
ticular one. The plurality of heat transfer tubes 22 may
be, for example, disposed such that the center of each
heat transfer tube 22 is located at a grid point of a rec-
tangular grid. In FIG. 2 and FIG. 3, the heat transfer tubes
22 are aligned at eight tiers in twelve lines. The number
of tiers and the number of lines are not limited to specific
values.

[0031] A tube thatforms the heat transfer tube 22 may
be a machined tube in which grooves are formed at the
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inner portion of the tube, the outer portion of the tube, or
both of them.

[0032] Inside the heat transfer tube 22, a heat medium
that exchanges heat with a refrigerant flow. The heat me-
dium is fluid such as water, ethylene glycol, or propylene
glycol. For example, the heat medium absorbs heat in
the atmosphere through a heat exchanger such as a fin-
and-tube heat exchanger, and flows into each heat trans-
fer tube 22 of the evaporator 101. In each heat transfer
tube 22, the heat medium is cooled by the refrigerant.
[0033] Examples of a material of the heat transfer tube
22 include metal materials such as aluminium, aluminium
alloys, stainless steel, and copper.

[0034] As shown in FIG. 2 and FIG. 3, the refrigerant
is sprayed from each of the first nozzles 24a to the fourth
nozzles 24d toward the plurality of heat transfer tubes
22. The plurality of first nozzles 24a and the plurality of
second nozzles 24b spray the refrigerant from the first
side toward the second side in the Z direction. The plu-
rality of third nozzles 24c¢ and the plurality of fourth noz-
zles 24d spray the refrigerant from the second side to-
ward the first side in the Z direction. The "first side" rep-
resents, for example, one side in the width direction of
the heat transfer tube 22. The "second side" represents
the other side in the width direction of the heat transfer
tube 22. The width direction of the heat transfer tube 22
can be the width direction with respect to the horizontal
direction.

[0035] The nozzle 24 is, forexample, a pressure-injec-
tion type spray nozzle. The pressure-injection-type spray
nozzle is configured to receive a pressurized refrigerant
through the inlet, apply a swirl force to the refrigerant by
a swirl mechanism inside the nozzle, and inject the re-
frigerant into a space. Thus, the injected refrigerant
spreads to form a conical shape by a centrifugal force
according to a swirl speed, and is formed into a thin film
and a liquid thread, and thereafter split into droplet
groups.

[0036] The same type of spray nozzles can be used
for the first nozzles 24a to the fourth nozzles 24d. The
term "same" means that the structure and characteristics
are the same in design. However, the structures and siz-
es may be different among the first nozzles 24a to the
fourth nozzles 24d.

[0037] In the present embodiment, the plurality of first
nozzles 24a and the plurality of second nozzles 24b are
located at the same position in the Z direction. The plu-
rality of third nozzles 24c¢ and the plurality of fourth noz-
Zles 24d are located at the same position in the Z direc-
tion. The plurality of first nozzles 24a and the plurality of
third nozzles 24c are located at the same position in the
Y direction. The plurality of second nozzles 24b and the
plurality of fourth nozzles 24d are located at the same
position in the Y direction. In FIG. 2 and FIG. 3, the plu-
rality of first nozzles 24a and the plurality of second noz-
Zles 24b are each disposed at one tier. The plurality of
third nozzles 24c¢ and the plurality of fourth nozzles 24d
are each disposed at one tier. The first nozzles 24a and
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the second nozzles 24b may be arranged in the X direc-
tion and the Y direction in the form of a matrix. The third
nozzles 24c and the fourth nozzles 24d may be arranged
in the X direction and the Y direction in the form of a
matrix.

[0038] FIG. 4Ais a side view of the evaporator 101 as
taken along aline IVA-IVA. In FIG. 4A, components other
than the heat transfer tubes 22 and the nozzles 24 are
omitted. As shown in FIG. 4A, on a projected image ob-
tained by projecting the plurality of first nozzles 24a and
the plurality of second nozzles 24b in the Z direction, the
plurality of first nozzles 24a and the plurality of second
nozzles 24b form a staggered arrangement pattern. The
projected image is specifically an image obtained by or-
thogonal projection of the plurality of first nozzles 24a
and the plurality of second nozzles 24b onto any projec-
tion plane perpendicular to the Z direction.

[0039] FIG. 4B is a side view of the evaporator 101 as
taken along aline IVB-IVB. In FIG. 4B, components other
than the heat transfer tubes 22 and the nozzles 24 are
omitted. As shown in FIG. 4B, on a projected image ob-
tained by projecting the plurality of third nozzles 24c and
the plurality of fourth nozzles 24d in the Z direction, the
plurality of third nozzles 24c and the plurality of fourth
nozzles 24d form a staggered arrangement pattern. The
projected image is specifically an image obtained by or-
thogonal projection of the plurality of third nozzles 24c
and the plurality of fourth nozzles 24d onto any projection
plane perpendicular to the Z direction.

[0040] AsshowninFIG.4A, the plurality of firstnozzles
24a are arranged in the X direction. The plurality of sec-
ond nozzles 24b are arranged in the X direction. The
position of the firstnozzle 24ainthe Y direction is different
from the position of the second nozzle 24b in the Y di-
rection. The plurality of first nozzles 24a and the plurality
of second nozzles 24b are located on the same plane
perpendicular to the Z direction.

[0041] As shown in FIG. 4B, the plurality of third noz-
zles 24c are arranged in the X direction. The plurality of
fourth nozzles 24d are arranged in the X direction. The
position of the third nozzle 24c in the Y direction is dif-
ferent from the position of the fourth nozzle 24d in the Y
direction. The plurality of third nozzles 24c and the plu-
rality of fourth nozzles 24d are located on the same plane
perpendicular to the Z direction.

[0042] FIG. 5A is a cross-sectional view of the evapo-
rator 101 as taken along aline VA-VA.FIG. 5B is a cross-
sectional view of the evaporator 101 as taken along a
line IVB-IVB. In FIG. 5A and FIG. 5B, components other
than the heat transfer tubes 22 and the nozzles 24 are
omitted.

[0043] A spray axis O1 of the first nozzle 24a and a
spray axis O2 of the second nozzle 24b are parallel to a
direction inclined relative to both the X direction and the
Zdirection. The spray axis O1 represents the central axis
of a refrigerant spray flow which is generated by the first
nozzle 24a. The spray axis O2 represents the central
axis of a refrigerant spray flow which is generated by the
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second nozzle 24b. The spray axis O1 and the spray axis
02 are each inclined relative to the line direction (Z di-
rection). In such a configuration, the refrigerant can be
sprayed over a wide range by the first nozzle 24a and
the second nozzle 24b. This also contributes to forming
a liquid film as a uniform thin film on the surface of the
heat transfer tube 22.

[0044] A spray axis O3 of the third nozzle 24c and a
spray axis O4 of the fourth nozzle 24d are parallel to a
direction inclined relative to both the X direction and the
Zdirection. The spray axis O3 represents the central axis
of arefrigerant spray flow which is generated by the third
nozzle 24c. The spray axis O4 represents the central axis
of arefrigerant spray flow which is generated by the fourth
nozzle 24d. The spray axis O3 and the spray axis O4 are
each inclined relative to the line direction (Z direction).
In such a configuration, the refrigerant can be sprayed
over a wide range by the third nozzle 24c and the fourth
nozzle 24d.

[0045] The "spray axis O1" can be regarded as the
central axis of the first nozzle 24a. The spray axis O1
can be an axis that passes through the center of the open-
ing of the first nozzle 24a. The "spray axis O2" can be
regarded as the central axis of the second nozzle 24b.
The spray axis O2 can be an axis that passes through
the center of the opening of the second nozzle 24b. The
"spray axis O3" can be regarded as the central axis of
the third nozzle 24c. The spray axis O3 can be an axis
that passes through the center of the opening of the third
nozzle 24c. The "spray axis O4" can be regarded as the
central axis of the fourth nozzle 24d. The spray axis O4
can be an axis that passes through the center of the open-
ing of the fourth nozzle 24d.

[0046] Ina planarview intheY direction, the spray axis
O1 of the first nozzle 24a is inclined clockwise relative to
a first reference line L1 that passes through the center
of the opening of the first nozzle 24a and is parallel to
the Z direction. The spray axis O2 of the second nozzle
24b is inclined counterclockwise relative to a second ref-
erence line L2 that passes through the center of the open-
ing of the second nozzle 24b and is parallel to the Z di-
rection. In such a configuration, the refrigerant can be
sprayed over a wide range by the minimum number of
the first nozzles 24a and the second nozzles 24b.
[0047] InaplanarviewintheY direction, the spray axis
O3 of the third nozzle 24c is inclined clockwise relative
to a third reference line L3 that passes through the center
of the opening of the third nozzle 24c and is parallel to
the Z direction. The spray axis O4 of the fourth nozzle
24d is inclined counterclockwise relative to a fourth ref-
erence line L4 that passes through the center of the open-
ing of the fourth nozzle 24d and is parallel to the Z direc-
tion. In such a configuration, the refrigerant can be
sprayed over a wide range by the minimum number of
the first nozzles 24a and the second nozzles 24b.
[0048] In a planar view in the Y direction, an angle 61
between the spray axis O1 of the first nozzle 24a and the
first reference line L1 is equal to an angle 62 between
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the spray axis O2 of the second nozzle 24b and the sec-
ond reference line L2.

[0049] In a planar view in the Y direction, an angle 63
between the spray axis O3 of the third nozzle 24c and
the third referenceline L3 is equal to an angle 64 between
the spray axis O4 of the fourth nozzle 24d and the fourth
reference line L4.

[0050] The angle 61, the angle 62, the angle 63, and
the angle 64 may be equal to each other, or may be dif-
ferent from each other. Each of the angle 81, the angle
02, the angle 63, and the angle 64 may be such an angle
that at least one of outer edges of the spray flow of the
refrigerant is not parallel to the longitudinal direction (X
direction) of the heat transfer tube 22. For example, the
angle 01, the angle 62, the angle 63, and the angle 64
are each from 30° to 40°, and typically 30°. In FIG. 5A
and FIG. 5B, the dashed lines represent an angle o at
which the spray flow of the refrigerant spreads. The spray
flow spread angle o represents a spread that is symmet-
ric with respect to each of the spray axes 01, 02, O3,
and O4. The spray flow spread angle o may be an acute
angle, and is, for example, 60°. The angle 61, the angle
02, the angle 63, and the angle 64 can be half the spray
flow spread angle a. In such a configuration, one of the
outer edges of the spray flow of the refrigerant is sub-
stantially parallel to the reference lines L1, L2, L3, and
L4. Thus, a refrigerant flow component in the direction
opposite to the moving direction of the refrigerant that
moves along the surface of the heat transfer tube 22 is
inhibited from being generated. Since the movement of
the refrigerant on the surface of the heat transfer tube 22
is promoted, a heat transfer rate is expected to be in-
creased by enhancement of the moving speed. The angle
61, the angle 62, the angle 63, and the angle 64 are de-
termined according to conditions such as the number of
the nozzles 24, and a distance between the adjacent noz-
Zles 24.

[0051] The first nozzles 24a are arranged at predeter-
mined intervals in the X direction. A distance between
the first nozzles 24a adjacent to each other in the X di-
rection is a distance W. The second nozzles 24b are ar-
ranged at predetermined intervals in the X direction. A
distance between the second nozzles 24b adjacent to
each other in the X direction is a distance W. The third
nozzles 24c are arranged at predetermined intervals in
the X direction. A distance between the third nozzles 24c
adjacent to each other in the X direction is a distance W.
The fourth nozzles 24d are arranged at predetermined
intervals in the X direction. A distance between the fourth
nozzles 24d adjacent to each other in the X direction is
a distance W. That s, the distance between the first noz-
Zles 24a adjacent to each other in the X direction, the
distance between the second nozzles 24b adjacent to
each other in the X direction, the distance between the
third nozzles 24c adjacentto each otherin the X direction,
and the distance between the fourth nozzles 24d adja-
cent to each other in the X direction are equal to each
other. The distance W is appropriately determined ac-
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cording to the angle 6 of the nozzle 24, and a distance
from the nozzle 24 to the heat transfer tube 22. The dis-
tance between the nozzles 24 adjacent to each other in
the X direction is defined as a distance between the cent-
ers of the openings of the adjacent nozzles 24.

[0052] A distance between the first nozzle 24a and the
second nozzle 24b in the X direction is half the distance
between the first nozzles 24a adjacent to each other in
the X direction. A distance between the third nozzle 24c
and the fourth nozzle 24d in the X direction is half the
distance between the third nozzles 24c adjacent to each
other in the X direction. That is, the distance between the
first nozzle 24a and the second nozzle 24b in the X di-
rection is W/2. The distance between the third nozzle 24c
and the fourth nozzle 2 in the X direction is W/2.

[0053] Ina planarview inthe Y direction, the positions
of the plurality of third nozzles 24c are offset relative to
the positions of the plurality of first nozzles 24a in the X
direction. In a planar view in the Y direction, the positions
of the plurality of fourth nozzles 24d are offset relative to
the positions of the plurality of second nozzles 24b in the
X direction. Such a configuration is advantageous in that
overlap of flow of the refrigerantin the Z direction is avoid-
ed.

[0054] The spray axis O1 of each of the first nozzles
24a passes between the heat transfer tube 22 and the
heat transfer tube 22 adjacent to each other in the Y
direction. In other words, the positions of the plurality of
first nozzles 24a are defined such that each spray axis
O1 passes through a space between the heat transfer
tube 22 and the heat transfer tube 22 adjacent to each
other in the Y direction. The spray axis O2 of each of the
second nozzles 24b passes between the heat transfer
tube 22 and the heat transfer tube 22 adjacent to each
other in the Y direction. In other words, the positions of
the plurality of second nozzles 24b are defined such that
each spray axis O2 passes through a space between the
heat transfer tube 22 and the heat transfer tube 22 ad-
jacent to each other in the Y direction In such a configu-
ration, a spray flow travel increases in the line direction
(Z direction). This contributes to reducing the size of the
evaporator 101, and further contributes to forming a liquid
film as a uniform thin film on the surface of the heat trans-
fer tube 22.

[0055] The spray axis O3 of each of the third nozzles
24c passes between the heat transfer tube 22 and the
heat transfer tube 22 adjacent to each other in the Y
direction. In other words, the positions of the third nozzles
24c are defined in the Y direction such that each spray
axis O3 passes through a space between the heat trans-
fertube 22 and the heat transfer tube 22 adjacent to each
other in the Y direction. The spray axis O4 of each of the
fourth nozzles 24d passes between the heat transfer tube
22 and the heat transfer tube 22 adjacent to each other
in the Y direction. In other words, the positions of the
fourth nozzles 24d are defined in the Y direction such
that each spray axis O4 passes through a space between
the heat transfer tube 22 and the heat transfer tube 22
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adjacent to each other in the Y direction. In such a con-
figuration, a spray flow travel increases in the line direc-
tion (Z direction).

[0056] AsshowninFIG.4A, atleastone tier of the heat
transfer tubes 22 is disposed between the plurality of first
nozzles 24a and the plurality of second nozzles 24b in
the Y direction. As shown in FIG. 4B, at least one tier of
the heat transfer tubes 22 is disposed between the plu-
rality of third nozzles 24c¢ and the plurality of fourth noz-
zles 24d in the Y direction. In the present embodiment,
three tiers of the heat transfer tubes 22 are disposed
between the plurality of first nozzles 24a and the plurality
of second nozzles 24b in the Y direction. Three tiers of
the heat transfer tubes 22 are disposed between the plu-
rality of third nozzles 24c¢ and the plurality of fourth noz-
zles 24d in the Y direction.

[0057] As shown in FIG. 2, the shell 21 is configured
to store a liquid phase refrigerant at the bottom thereof.
The circulation circuit 25 connects the bottom of the shell
21 and each of the nozzles 24. The circulation pump 26
is disposed in the circulation circuit 25. Through the op-
eration of the circulation pump 26, the liquid phase re-
frigerant stored at the bottom of the shell 21 is supplied
through the circulation circuit 25 to the plurality of nozzles
24. In such a configuration, the liquid phase refrigerant
is easily collected, and energy consumption for supplying
the liquid phase refrigerant to the plurality of nozzles 24
can be reduced.

[0058] The shell 21 has an inflow tube 27 and a dis-
charge tube 28. The inflow tube 27 defines a flow path
for introducing the refrigerant into the shell 21. The dis-
charge tube 28 defines a flow path for introducing the
refrigerant evaporated on the surfaces of the plurality of
heat transfer tubes 22 to the outside of the shell 21. The
flow path 110d and the flow path 110a can be connected
to the inflow tube 27 and the discharge tube 28, respec-
tively.

[0059] The nozzles 24 are connected to the circulation
circuit 25 through a header 23.

[0060] A flow path cover 29a is attached to the shell
21 to cover one end portion of the plurality of heat transfer
tubes 22. A flow path cover 29b is attached to the shell
21 to cover the other end portion of the plurality of heat
transfer tubes 22. The flow path cover 29a has two par-
titions 31 thereinside. The flow path cover 29b has one
partition 31 thereinside. The flow path cover 29a has a
secondary-side inflow port 32 and a secondary-side out-
flow port 33. The secondary-side inflow port 32 may be
disposed at the flow path cover 29b. The secondary-side
outflow port 33 may be disposed at the flow path cover
29b. In the evaporator 101 of the present embodiment,
the number of passes is incremented by "1" each time
the refrigerant flowing direction is inverted at the flow
path cover 29a or 29b. In the present embodiment, the
secondary-side inflow port 32 and the secondary-side
outflow port 33 are disposed in the flow path cover 29a
such that the number of passes is "4".

[0061] In the present embodiment, the shell 21 has a
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rectangular cross-sectional shape. However, the shape
of the shell 21 is not limited. The shell 21 may have a
round cross-sectional shape. The shell 21 may be a pres-
sure-resistant container.

[1-2. Operation]

[0062] An operation and an effect of the evaporator
101 having the above-described configuration will be de-
scribed below.

[0063] By actuating the circulation pump 26, a liquid
phase refrigerant is supplied from the bottom of the shell
21 through the header 23 to the plurality of nozzles 24.
The liquid phase refrigerant is sprayed from each of the
first nozzles 24a and the second nozzles 24b to the plu-
rality of heat transfer tubes 22. Furthermore, the liquid
phase refrigerant is sprayed from each of the third noz-
zles 24c¢ and the fourth nozzles 24d to the plurality of
heat transfer tubes 22. A heat medium flows into the flow
path cover 29a through the secondary-side inflow port
32 and flows through the heat transfer tube 22.
Subsequently, the flowing direction of the heat medium
is inverted at the flow path cover 29b, and the heat me-
dium flows through the heat transfer tube 22. Subse-
quently, the flowing direction of the heat medium is in-
verted again at the flow path cover 29a, and the heat
medium flows through the heattransfer tube 22. The flow-
ing direction of the heat medium is inverted again at the
flow path cover 29b, and the heat medium flows through
the heat transfer tube 22. Thereafter, the heat medium
flows out through the secondary-side outflow port 33, and
is discharged to the outside of the evaporator 101. By
spraying the liquid phase refrigerant toward the heat
transfer tubes 22 while the heat medium is caused to flow
in the heat transfer tubes 22, heat exchange is made
between the heat medium and the liquid phase refriger-
ant at the heat transfer tubes 22, the refrigerant evapo-
rates, and a gas phase refrigerant is generated.

[0064] Components of the refrigerant sprayed from
each nozzle 24 will be described with reference to FIG.
5A and FIG. 5B. In FIG. 5A and FIG. 5B, arrows on the
heat transfer tubes 22 represent main moving directions
of the sprayed refrigerant.

[0065] The spray flow of the refrigerant sprayed from
the first nozzle 24a has a flow component C1 along the
spray axis O1, and a flow component C2 along the sur-
face of the heat transfer tube 22. The component C1 is
acomponent of flow of the refrigerant sprayed and spread
from the first nozzle 24a. The component C1 is a com-
ponent of flow of the refrigerant moving along the spray
axis O1in a space between the heat transfer tube 22 and
the heat transfer tube 22 adjacent to each other in the Y
direction. The component C2 is a component of flow of
the refrigerant moving on the surface of the heat transfer
tube 22 with a velocity componentin the X direction. The
spray flow of the refrigerant sprayed from the second
nozzle 24b has a flow component C3 along the spray
axis O2 and a flow component C4 along the surface of
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the heattransfer tube 22. The spray flow of the refrigerant
sprayed from the third nozzle 24c has a flow component
C5 along the spray axis O3, and a flow component C6
along the surface of the heat transfer tube 22. The spray
flow of the refrigerant sprayed from the fourth nozzle 24d
has a flow component C7 along the spray axis O4 and a
flow component C8 along the surface of the heat transfer
tube 22.

[0066] The flows of the refrigerant which have the com-
ponent C1, the component C3, the component C5, and
the component C7 each advance in a space between the
heat transfer tube 22 and the heat transfer tube 22 ad-
jacent to each other in the Y direction. At this time, the
refrigerant moves to be in contact with the lower surface
of the heat transfer tube 22 located on the upper side,
and the upper surface of the heat transfer tube 22 located
on the lower side. The flows of the refrigerant which have
the component C2 and the component C8 each move on
the surface of the heat transfer tube 22 along the X di-
rection. The flows of the refrigerant which have the com-
ponent C4 and the component C6 each move on the
surface of the heat transfer tube 22 in the direction op-
posite to the direction of the flows of the refrigerant which
have the component C2 and the component C8. The re-
frigerant having these components makes heat ex-
change with the heat medium flowing inside the heat
transfer tubes 22, on the surfaces of the heat transfer
tubes 22, and evaporates. Unevaporated refrigerant
drops toward the heat transfer tubes 22 located on the
lower side.

[0067] FIG.6isadiagramillustrating movingdirections
and a dropping state of the refrigerant sprayed from the
first nozzle 24a and the third nozzle 24c toward the plu-
rality of heat transfer tubes 22. FIG. 6 illustrates a state
as viewed in the Z direction, and illustrates a portion seen
in front of the plane including the forefront heat transfer
tubes 22, and a part of a portion seen behind the plane
including the rearmost heat transfer tubes 22. In FIG. 6,
arrows on the heat transfer tubes 22 represent a main
moving direction of the sprayed refrigerant.

[0068] The spray flow of the refrigerant sprayed from
the first nozzle 24a advances from the first side toward
the second side in a direction between the Z direction
and the X direction in a space between the heat transfer
tube 22 and the heat transfer tube 22 adjacent to each
other in the Y direction. The spray axis O1 is located
between the heat transfer tube 22 and the heat transfer
tube 22 inthe Y direction. The spray flow of the refrigerant
sprayed from the third nozzle 24c advances from the sec-
ond side toward the first side in a direction between the
Z direction and the X direction in a space between the
heat transfer tube 22 and the heat transfer tube 22 ad-
jacent to each otherin the Y direction. The spray axis O3
is located between the heat transfer tube 22 and the heat
transfer tube 22 in the Y direction.

[0069] At this time, a part (the component C2) of the
refrigerant sprayed from the first nozzle 24a moves on
the surface of the heat transfer tube 22 along the X di-
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rection. A part (the component C6) of the refrigerant
sprayed from the third nozzle 24c moves on the surface
of the heat transfer tube 22 along the X direction. The
component C2 of flow of the refrigerant is a component
in the direction opposite to the direction of the component
C6 of flow of the refrigerant. When a moving speed in
the X direction is reduced, dropping of the refrigerant
toward the heat transfer tubes 22 located on the lower
side is started. Meanwhile, components (the component
C1 and the component C5) of flow of the refrigerant
sprayed from the first nozzle 24a and the third nozzle
24c hardly reach the heat transfer tubes 22 located lower
than these heat transfer tubes 22. Therefore, heat ex-
change is made by dropping of the refrigerant which has
not been evaporated atthe heat transfer tubes 22 located
on the upper side. The same description can apply to the
second nozzle 24b and the fourth nozzle 24d.

[0070] FIG. 7Ais a diagram illustrating a positional re-
lationship between a nozzle plane defined by the first
nozzle 24a and the third nozzle 24c, and a nozzle plane
defined by the second nozzle 24b and the fourth nozzle
24d. In FIG. 7A, for easy understanding, one of the first
nozzles 24a, one of the second nozzles 24b, one of the
third nozzles 24c, and one of the fourth nozzles 24d are
merely illustrated. The third nozzle 24c¢ and the second
nozzle 24b are on the same nozzle plane. The three tiers
of the heat transfer tubes 22 are disposed between the
first nozzle 24a and the second nozzle 24b in the Y di-
rection. Similarly, three tiers of the heat transfer tubes 22
are disposed between the third nozzle 24c¢ and the fourth
nozzle 24d in the Y direction.

[0071] The n-th nozzle plane is defined as an XZ plane
that is defined by the spray axis O1 (not shown in FIG.
7A) of the first nozzle 24a and the spray axis O3 (not
shown in FIG. 7A) of the third nozzle 24c. The heat trans-
fer tube 22 positioned above the spray axis O1 of the first
nozzle 24a is defined as a heat transfer tube 22a. The
heat transfer tube 22 positioned below the spray axis O1
of the first nozzle 24a is defined as a heat transfer tube
22b. The heat transfer tube 22a and the heat transfer
tube 22b are adjacent to each other in the Y direction.
The n-th nozzle plane includes the lower surface of the
heat transfer tube 22a and the upper surface of the heat
transfer tube 22b. The (n+1)-th nozzle plane is defined
as an XZ plane that is defined by the spray axis O2 (not
shown in FIG. 7A) of the second nozzle 24b and the spray
axis O4 (not shown in FIG. 7A) of the fourth nozzle 24d.
The heat transfer tube 22 positioned above the spray
axis O2 of the second nozzle 24b is defined as a heat
transfer tube 22c. The heat transfer tube 22 positioned
below the spray axis O2 of the second nozzle 24b is
defined as a heat transfer tube 22d. The heat transfer
tube 22¢ and the heat transfer tube 22d are adjacent to
each other in the Y direction. The (n+1)-th nozzle plane
includes the lower surface of the heat transfer tube 22c
and the upper surface of the heat transfer tube 22d.
[0072] A predetermined number of tiers of the heat
transfer tubes 22 are disposed between the n-th nozzle
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plane and the (n+1)-th nozzle plane.

[0073] FIG. 7B is a diagram illustrating a state of the
refrigerant at each of the n-th nozzle plane and the
(n+1)-th nozzle plane after the refrigerant is sprayed. In
FIG. 7B, arrows represent a direction in which the refrig-
erant drops. By spraying the refrigerant from each of the
first nozzle 24a, the second nozzle 24b, the third nozzle
24c, and the fourth nozzle 24d, a refrigerant sparse-
dense state is generated on the n-th nozzle plane and
the (n+1)-th nozzle plane, as shown in FIG. 7B. Specifi-
cally, on the n-th nozzle plane and the (n+1)-th nozzle
plane, dense regions and sparse regions of the refriger-
ant are generated to be staggered.

[0074] More specifically, on the n-th nozzle plane, the
refrigerant sufficiently reaches a region including the heat
transfer tubes 22 near the first nozzle 24a and the third
nozzle 24c by the components (the component C1 and
the component C5) of flow of the refrigerant. The refrig-
erant sufficiently moves on the surfaces of the heat trans-
fer tubes 22 by the components (the component C2 and
the component C6) of flow of the refrigerant. Thus, as
shown in FIG. 7B, a dense region of the refrigerant is
generated on the n-th nozzle plane, and a liquid film of
the refrigerant is formed. Similarly, on the (n+1)-th nozzle
plane, the refrigerant sufficiently reaches a region includ-
ing the heat transfer tubes 22 near the second nozzle
24b and the fourth nozzle 24d by the components (the
component C3 and the component C7) of flow of the re-
frigerant. The refrigerant sufficiently moves on the sur-
faces of the heat transfer tubes 22 by the components
(the component C4 and the component C8) of flow of the
refrigerant. Thus, as shown in FIG. 7B, a dense region
of the refrigerant is generated on the (n+1)-th nozzle
plane, and a liquid film of the refrigerant is formed.
[0075] Meanwhile, onthe n-th nozzle plane, an amount
of the refrigerant reaching a region including the heat
transfer tubes 22 located far from the first nozzle 24a and
the third nozzle 24c is not sufficient, or the refrigerant
does not reach the region. Therefore, as shown in FIG.
7B, a sparse region of the refrigerant is generated. Sim-
ilarly, on the (n+1)-th nozzle plane, an amount of the re-
frigerant reaching a region including the heat transfer
tubes 22 located far from the second nozzle 24b and the
fourth nozzle 24d is not sufficient, or the refrigerant does
not reach the region. Therefore, as shown in FIG. 7B, a
sparse region of the refrigerant is generated. However,
by dropping the unevaporated refrigerant from the dense
region on the n-th nozzle plane to the sparse region on
the (n+1)-th nozzle plane, the wet state in the sparse
region is improved.

[1-3. Effect and the like]

[0076] As described above, in the present embodi-
ment, on a projected image obtained by projecting the
plurality of first nozzles 24a and the plurality of second
nozzles 24b in the Z direction, the plurality of first nozzles
24a and the plurality of second nozzles 24b form a stag-
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gered arrangement pattern. On a projected image ob-
tained by projecting the plurality of third nozzles 24c and
the plurality of fourth nozzles 24d in the Z direction, the
plurality of third nozzles 24c and the plurality of fourth
nozzles 24d form a staggered arrangement pattern.
[0077] In such a configuration, the surfaces of the plu-
rality of heat transfer tubes 22 can be made uniformly
wet with the refrigerant sprayed by the plurality of first
nozzles 24a to the fourth nozzles 24d. Thus, a dryout
surface which is not reached by the refrigerant can be
prevented from being generated. Therefore, the heat
transfer performance of the evaporator 101 can be en-
hanced.

[0078] The present embodiment is particularly effec-
tive in a case where the number of lines of the heat trans-
fer tubes 22 is large, and an amount of the refrigerant
reaching some of the heat transfer tubes 22 from the
nozzle 24 is small. According to the presentembodiment,
differences in a sparse/dense wet state on each nozzle
plane can be improved by a superimposing effect of
spray-type supply of the refrigerant and falling liquid film-
type supply of the refrigerant, from both sides of the plu-
rality of heat transfer tubes 22. Thus, generation of the
dryout surface can be prevented. Furthermore, in a re-
gion where a spray flow of the refrigerant directly reaches
and the heat transfer tubes 22 having surfaces on which
the refrigerant moves is included, a heat transfer coeffi-
cient is increased by forced convection, whereby heat
exchange efficiency can be further enhanced.

[0079] In the present embodiment, a plurality of tiers
of the first nozzles 24a may be disposed. A plurality of
tiers of the second nozzles 24b may be disposed. The
number of tiers of the first nozzles 22a may be equal to
or not equal to the number of tiers of the second nozzles
24b. A plurality of tiers of the third nozzles 24a may be
disposed. A plurality of tiers of the second nozzles 24b
may be disposed. The number of tiers of the third nozzles
22c may be equal to or not equal to the number of tiers
of the fourth nozzles 24d. In such a configuration, even
in a case where the number of tiers of the plurality of heat
transfer tubes 22 is large, generation of a region where
the refrigerant does not reach can be more sufficiently
inhibited by dropping of the refrigerant to a nozzle plane
located on the lower side.

[0080] In a case where three or more tiers of the plu-
rality of first nozzles 24a are disposed along the Y direc-
tion, the distances between the first nozzles 24a adjacent
to each other in the Y direction may be equal to each
other, or may be different from each other. Such a con-
figuration can apply also to the second nozzles 24b, the
third nozzles 24c, and the fourth nozzles 24d. A distance
between the first nozzle 24a and the second nozzle 24b
in the Y direction may be half a distance between the first
nozzles 24a adjacent to each other in the Y direction. A
distance between the third nozzle 24c and the fourth noz-
zle 24d in the Y direction may be half a distance between
the third nozzles 24c adjacent to each other in the Y di-
rection.
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[0081] In a planar view in the Z direction, the first noz-
zles 24a and the second nozzles 24b may be arranged
in the form of a matrix. In a planar view in the Z direction,
when four first nozzles 24a that form four vertexes of a
quadrangular shape having the smallest area are select-
ed, the second nozzle 24b can be positioned atthe center
portion of the quadrangular shape formed by the four first
nozzles 24a. Similarly, in a planar view in the Z direction,
when four second nozzles 24b are selected to form four
vertexes of a quadrangular shape having the smallest
area, the first nozzle 24a can be positioned at the center
portion of the quadrangular shape formed by the four
second nozzles 24b.

[0082] In a planarview inthe Z direction, the third noz-
zles 24c and the fourth nozzles 24d may be arranged in
the form of a matrix. In a planar view in the Z direction,
when four third nozzles 24c that form four vertexes of a
quadrangular shape having the smallest area are select-
ed, the fourth nozzle 24d can be positioned at the center
portion of the quadrangular shape formed by the four
third nozzles 24c. Similarly, in a planar view in the Z di-
rection, when four fourth nozzles 24d are selected to form
four vertexes of a quadrangular shape having the small-
est area, the third nozzle 24c can be positioned at the
center portion of the quadrangular shape formed by the
four fourth nozzles 24d.

[0083] Two or more tiers of the plurality of first nozzles
24a and two or more tiers of the plurality of second noz-
zles 24b may be disposed along the Y direction. In this
case, a distance between the first nozzles 24a adjacent
to each other in the Y direction may be greater than the
distance W between the first nozzles 24a adjacent to
each other in the X direction. A distance between the
second nozzles 24b adjacent to each other in the Y di-
rection may be greater than the distance W between the
second nozzles 24b adjacent to each other in the X di-
rection. Such a configuration is advantageous in that
overlap of flow of the refrigerantin the Y direction is avoid-
ed.

[0084] Two or more tiers of the plurality of third nozzles
24c and two or more tiers of the plurality of fourth nozzles
24d may be disposed along the Y direction. In this case,
adistance between the third nozzles 24c adjacentto each
other in the Y direction may be greater than the distance
W between the third nozzles 24c adjacent to each other
in the X direction. A distance between the fourth nozzles
24d adjacent to each other in the Y direction may be
greater than the distance W between the fourth nozzles
24d adjacent to each other in the X direction. Such a
configuration is advantageous in that overlap of flow of
the refrigerant in the Y direction is avoided.

[0085] Two or more tiers of the plurality of first nozzles
24a and two or more tiers of the plurality of second noz-
zles 24b may be disposed along the Y direction. In this
case, a distance between the first nozzles 24a adjacent
to each otherinthe Y direction may be equal to a distance
between the second nozzles 24b adjacent to each other
inthe Y direction. A distance between the first nozzle 24a
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and the second nozzle 24b in the Y direction may be half
adistance between the first nozzles 24a adjacent to each
other in the Y direction. In such a configuration, the
above-described effects can be more sufficiently ob-
tained.

[0086] Two ormore tiers of the plurality of third nozzles
24c and two or more tiers of the plurality of fourth nozzles
24d may be disposed along the Y direction. In this case,
adistance between the third nozzles 24c adjacentto each
other in the Y direction may be equal to a distance be-
tween the fourth nozzles 24d adjacent to each other in
the Y direction. A distance between the third nozzle 24c
and the fourth nozzle 24d in the Y direction may be half
adistance between the third nozzles 24c adjacentto each
other in the Y direction. In such a configuration, the
above-described effects can be more sufficiently ob-
tained.

[0087] Therefrigeration cycle device 100 of the present
embodiment includes the shell-and-tube heat exchanger
of the present embodiment. The shell-and-tube heat ex-
changer may be used for the evaporator 101 or may be
used for the condenser 103. By using the shell-and-tube
heat exchanger of the present embodiment, the efficien-
cy of the refrigeration cycle device 100 can be enhanced.

(Embodiment 2)

[0088] Embodiment 2 will be described below with ref-
erence to FIG. 8 to FIG. 10. The same components as
those in Embodiment 1 are denoted by the same refer-
ence characters, and detailed description thereof is omit-
ted.

[2-1. Configuration of evaporator]

[0089] FIG. 8 is a transverse cross-sectional view of
an evaporator 111 according to Embodiment 2 of the
present disclosure. FIG. 8 corresponds to FIG. 3 for Em-
bodiment 1. The evaporator 111 of the present embodi-
ment has the same configuration as the evaporator 101
of Embodiment 1 except that the evaporator 111 does
not include the plurality of third nozzles 24c and the plu-
rality of fourth nozzles 24d, and the number of lines of
the plurality of heat transfer tubes 22 is six.

[0090] FIG. 9 is a side view of the evaporator 111 as
taken along a line IX-IX. In FIG. 9, components other
than the heat transfer tubes 22 and the nozzles 24 are
omitted. As shown in FIG. 9, on a projected image ob-
tained by projecting the plurality of first nozzles 24a and
the plurality of second nozzles 24b in the Z direction, the
plurality of first nozzles 24a and the plurality of second
nozzles 24b form a staggered arrangement pattern.
[0091] FIG. 10A is a cross-sectional view of the evap-
orator 111 as taken along a line XA-XA. FIG. 10B is a
cross-sectional view of the evaporator 111 as taken along
a line XB-XB. In FIG. 10A and FIG. 10B, components
other than the heat transfer tubes 22 and the nozzles 24
are omitted.
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[2-2. Operation]

[0092] As described for Embodiment 1, by actuating
the circulation pump 26, a liquid phase refrigerant is sup-
plied from the bottom of the shell 21 through the header
23 to the plurality of first nozzles 24a and the plurality of
second nozzles 24b. The liquid phase refrigerant is
sprayed from each of first nozzles 24a and the second
nozzles 24b to the plurality of heat transfer tubes 22.
[0093] The moving direction and the dropping state of
the refrigerant sprayed from each of the first nozzles 24a
and the plurality of second nozzles 24b are as described
for Embodiment 1.

[2-3. Effect and the like]

[0094] The present embodiment is effective also in a
case where the number of lines of the heat transfer tubes
22 is small. According to the present embodiment, differ-
ences in a sparse/dense wet state on each nozzle plane
can be improved by a superimposing effect of spray-type
supply of the refrigerant and falling liquid film-type supply
of the refrigerant. Thus, generation of the dryout surface
can be prevented.

[0095] In the present embodiment, a plurality of tiers
of the first nozzles 24a may be disposed. A plurality of
tiers of the second nozzles 24b may be disposed. The
number of tiers of the first nozzles 22a may be equal to
or not equal to the number of tiers of the second nozzles
24b. For such a configuration, the same description as
for Embodiment 1 can be applied.

(Another embodiment)

[0096] Inthe above-described Embodiment 1, the plu-
rality of first nozzles 24a and the plurality of third nozzles
24c are disposed to define the same nozzle plane. The
plurality of second nozzles 24b and the plurality of fourth
nozzles 24d are disposed to define the same nozzle
plane. The plurality of first nozzles 24a and the plurality
of third nozzles 24c may be disposed on different nozzle
planes. The plurality of second nozzles 24b and the plu-
rality of fourth nozzles 24d may be disposed on different
nozzle planes. That is, the position of the first nozzle 24a
in the Y direction may be different from the position of
the third nozzle 24c in the Y direction. The position of the
second nozzle 24b in the Y direction may be different
from the position of the fourth nozzle 24d in the Y direc-
tion. On a projected image obtained by projecting the
plurality of first nozzles 24a, the plurality of third nozzles
24c, the plurality of second nozzles 24b, and the plurality
of fourth nozzles 24d in the Z direction, the plurality of
first nozzles 24a, the plurality of third nozzles 24c, the
plurality of second nozzles 24b, and the plurality of fourth
nozzles 24d may form a staggered arrangement pattern.
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(Embodiment 3)

[0097] Embodiment 3 will be described below with ref-
erence to FIG. 11 to FIG. 16.

[3-1. Configuration]

[0098] FIG. 11 illustrates a configuration of a refriger-
ation cycle device 200 including a shell-and-tube heat
exchanger. As shown in FIG. 11, the refrigeration cycle
device 200 includes an evaporator 201, a compressor
202, acondenser 203, a flow valve 204, a flow path 210a,
aflow path 210b, a flow path 210c, and a flow path 210d.
The outlet of the evaporator 201 is connected to the inlet
of the compressor 202 through the flow path 210a. The
outlet of the compressor 202 is connected to the inlet of
the condenser 203 through the flow path 210b. The outlet
of the condenser 203 is connected to the inlet of the flow
valve 204 through the flow path 210c. The outlet of the
flow valve 204 is connected to the inlet of the evaporator
201 through the flow path 210d. The flow paths 210a and
210b are paths through which a gas phase refrigerant
passes. The flow path 210c and the flow path 210d are
paths through which a liquid phase refrigerant passes.
Each path is, for example, formed of at least one metal
tube.

[0099] Inthe evaporator 201, a liquid phase refrigerant
is heated and evaporated, and a gas phase refrigerant
is generated. The gas phase refrigerant is suctioned into
the compressor 202 and compressed. The compressed
gas phase refrigerant is supplied from the compressor
202 to the condenser 203. The gas phase refrigerant is
cooled, and condensed and liquefied in the condenser
203. Thus, a liquid phase refrigerant is generated. The
liquid phase refrigerant is returned from the condenser
203 through the flow valve 204 to the evaporator 201.
[0100] The refrigerantfor the refrigeration cycle device
200 is not limited to a specific refrigerant. Examples of
the refrigerant include a fluorocarbon refrigerant, a low
GWP (global warming potential) refrigerant, and a natural
refrigerant. Examples of the fluorocarbon refrigerant in-
clude hydrochlorofluorocarbon (HCFC) and hydrofluor-
ocarbon (HFC). Examples of the low GWP refrigerant
include HFO-1234yf and water. Examples of the natural
refrigerant include carbon dioxide and water.

[0101] The refrigerant may be a refrigerant that con-
tains, as a main component, a substance of which the
saturated vapor pressure is a negative pressure at ordi-
nary temperature. Examples of such arefrigerant include
a refrigerant that contains water, alcohol, or ether as a
main component. The "main component" represents a
component having the largest content at a mass ratio.
The "negative pressure" represents a pressure which is
lower than atmospheric pressure on an absolute pres-
sure basis. The "ordinary temperature" represents a tem-
perature in a range of 20°C+15°C according to the Jap-
anese Industrial Standard (JIS Z8703).

[0102] The evaporator 201 is configured by a shell-
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and-tube heat exchanger as described below.

[0103] The compressor 202 may be a dynamic com-
pressor such as a centrifugal compressor or a positive
displacement compressor such as a scroll compressor,
[0104] The type of the condenser 203 is not limited to
a specific type. A heat exchanger such as a plate heat
exchanger and a shell-and-tube heat exchanger can be
used for the condenser 203.

[0105] The refrigeration cycle device 200 is, for exam-
ple, a business-use or home-use air conditioner. A heat
medium cooled by the evaporator 201 is supplied through
a circuit 205 into a room, and used for cooling the room.
Alternatively, a heat medium heated by the condenser
203 is supplied through a circuit 206 into a room, and
used for heating the room. The heat medium is, for ex-
ample, water. The refrigeration cycle device 200 is not
limited to an air conditioner, and may be another device
such as a chiller and a heat storage device. The refrig-
eration cycle device 200 may be an absorption refriger-
ator that includes an evaporator, an absorber, a regen-
erator, and a condenser.

[0106] The circuit 205 is a circuit for circulating a heat
medium in the evaporator 201. The circuit 206 is a circuit
for circulating a heat medium in the condenser 203. The
circuit 205 and the circuit 206 may be sealed circuits iso-
lated from outside air.

[0107] The heat medium is a fluid that flows in each of
the circuit 205 and the circuit 206. The heat medium is
not limited to water, and may be liquid such as oil or brine,
or may be gas such as air. A composition of the heat
medium in the circuit 205 may be different from a com-
position of the heat medium in the circuit 206.

[0108] FIG. 12is a longitudinal cross-sectional view of
the evaporator 201 as taken ata line lI-ll in FIG. 11 as a
cutting plane line. As shown in FIG. 12, the evaporator
201 is configured as a shell-and-tube heat exchanger.
The evaporator 201 includes a shell 221, a heat transfer
tube group 222, and nozzles 224. The heat transfer tube
group 222 is disposed inside the shell 221. The nozzle
224 sprays a liquid phase refrigerant toward the heat
transfer tube group 222. The heat transfer tube group
222 is, for example, formed by heat transfer tubes 222p
disposed in parallel with each other. For example, the
cross-section perpendicular to the longitudinal direction
of the heat transfer tube 222p has a round shape.
Grooves may be formed at the inner surface of the heat
transfer tube 222p, the outer surface of the heat transfer
tube 222p, or both of them.

[0109] As shown in FIG. 12, the shell 221 has, for ex-
ample, a rectangular cross-sectional shape. The shell
221 may have a round cross-sectional shape. The shell
221 may be a pressure-resistant container.

[0110] For example, the evaporator 201 further in-
cludes a header 223, a circulation circuit 225, a pump
226, an inflow tube 227a, an outflow tube 227b, a first
cover 229a, and a second cover 229b.

[0111] The nozzle 224 is connected to the circulation
circuit 225 through the header 223. The pump 226 is
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disposed in the circulation circuit 225. A liquid phase re-
frigerant is stored at the bottom of the shell 221. By op-
eration of the pump 226, the liquid phase refrigerant
stored at the bottom of the shell 221 is supplied through
the circulation circuit 225 and the header 223 to the noz-
Zle 224,

[0112] The inflow tube 227a and the outflow tube 227b
are attached to the shell 221. The inflow tube 227a forms
a flow path for introducing the refrigerant into the shell
221. The discharge tube 227b forms a flow path for in-
troducing a gas phase refrigerant generated in the evap-
orator 201, to the outside of the shell 221. The flow path
210d and the flow path 210a can be connected to flow
paths formed by the inflow tube 227a and the discharge
tube 227b, respectively.

[0113] The first cover 229a is attached to the shell 221
and covers one end portion of the heat transfer tube
group 222 in the longitudinal direction (X-axis direction)
of the heat transfer tube 222p. The second cover 229b
is attached to the shell 221 and covers the other end
portion of the heat transfer tube group 222 in the longi-
tudinal direction of the heat transfer tube 222p. The first
cover 229a has two partitions 229c thereinside. The sec-
ond cover 229b has one partition 229d thereinside. The
firstcover 229a has, for example, a secondary-side inflow
port 228a and a secondary-side outflow port 228b. Each
of the secondary-side inflow port 228a and the second-
ary-side outflow port 228b may be formed at the second
cover 229b. The number of passes in the evaporator 201
is incremented by "1" each time the flowing direction of
the heat medium in the heat transfer tube 222p is inverted
at the flow path cover 229a or 229b. In the present em-
bodiment, the flow path cover 229a has the secondary-
side inflow port 228a and the secondary-side outflow port
228b such that the number of passes is "4".

[0114] As shown in FIG. 12, the evaporator 201 in-
cludes a plurality of the nozzles 224. The plurality of the
nozzles 224 are disposed at predetermined intervals in
the longitudinal direction (X-axis direction) of the heat
transfer tube 222p. Furthermore, the plurality of the noz-
Zles 224 are disposed in the longitudinal direction of the
heat transfer tube 222p alternately on a pair of straight
lines parallel to the Y-axis direction. Each nozzle 224 is,
for example, disposed to spray the liquid phase refriger-
ant toward between the heat transfer tubes 222p adja-
cent to each other in the Y-axis direction.

[0115] FIG. 13A and FIG. 13B each illustrate a spray
pattern of the liquid phase refrigerant sprayed from the
nozzle 224. As shown in FIG. 13A and FIG. 13B, the
nozzle 224 sprays the liquid phase refrigerant to form a
flat spray pattern having a spray axis Am. The spray axis
Am can be regarded as the central axis of the nozzle
224. The spray axis Am can be an axis that passes
through the center of the opening of the nozzle 224. As
shown in FIG. 13A, the liquid phase refrigerant sprayed
from the nozzle 224 forms a sector-shaped spray area
M. A spray region S appearing when the spray pattern
is projected on a plane H perpendicular to the spray axis
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Am has a flat shape. The liquid phase refrigerant sprayed
with such a spray pattern passes between the heat trans-
fer tubes 222p.

[0116] FIG. 14 is a longitudinal cross-sectional view of
the evaporator 201 as taken at a line IV-IV in FIG. 11 as
a cutting plane line. In the heat transfer tube group 222,
the number of the heat transfer tubes 222p arranged in
the Z-axis direction is not limited to a specific value. In
the heat transfer tube group 222, for example, twelve
heat transfer tubes 222p are arranged in the Z-axis di-
rection. The nozzle 224 sprays the liquid phase refriger-
ant such that the spray axis Am passes between a pair
of the heat transfer tubes 222p closest to the nozzle 224
in the direction (Z-axis direction) perpendicular to the lon-
gitudinal direction of the heat transfer tube 222p, and the
spray region S passes between the pair of the heat trans-
fer tubes 222p. For example, the spray axis Am extends
horizontally.

[0117] As shown in FIG. 14, the nozzle 224 is, for ex-
ample, disposed only at one end portion of the heat trans-
fer tube group 222 in the Z-axis direction, and is not dis-
posed at the other end portion of the heat transfer tube
group 222 in the Z-axis direction. Therefore, the nozzle
224 sprays the liquid phase refrigerant in, for example,
the Z-axis positive direction at a plane (YZ plane) per-
pendicular to the longitudinal direction of the heat transfer
tube 222p.

[0118] FIG. 15illustrates a region over which the liquid
phase refrigerant is sprayed from the nozzle 224. In FIG.
15, the heat transfer tube group 222 and the spray area
M of the liquid phase refrigerant sprayed from the nozzle
224 are seen along the Y-axis direction. The nozzle 224
is, for example, disposed to be distant over a distance L
from the closest heat transfer tube 222p in the heat trans-
fer tube group 222 in the Z-axis direction. The spray area
M has a first contour line W1 and a second contour line
W2 that form a central angle o.. The central angle a is
not limited to a specific angle. The central angle a is, for
example, greater than or equal to 90° and less than or
equal to 120°.

[0119] FIG. 16 is a diagram illustrating a state where
a liquid phase refrigerant is sprayed and flows from the
nozzle 224 toward the heat transfer tube group 222. As
shown in FIG. 16, the heat transfer tube group 222 in-
cludes a first tier 222a and a second tier 222b. The first
tier 222a has a plurality of the heat transfer tubes 222p
arranged along a first plane. The second tier 222b has a
plurality of the heat transfer tubes 222p arranged along
a second plane parallel to the first plane, and is adjacent
to the first tier 222a in the direction (Y-axis direction) per-
pendicular to the first plane. The first plane and the sec-
ond plane are planes parallel to the ZX plane.

[0120] AsshowninFIG. 16, for example, an imaginary
plane, which does not intersect a tangible object in a
space from one end to the other end of the first tier 222a
in a direction in which the heat transfer tubes 222p of the
first tier 222a are arranged, is between the first tier 222a
and the second tier 222b.
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[0121] As shown in FIG. 16, for example, the heat
transfer tubes 222p in the first tier 222a and the plurality
of heat transfer tubes 222p in the second tier 222b form
a rectangular grid, a square grid, or a parallelogram grid
on a third plane perpendicular to the longitudinal direction
(X-axis direction) of the heat transfer tube 222p. The third
plane is a plane parallel to the YZ plane.

[0122] As shown in FIG. 16, the spray axis Am of the
spray pattern of the liquid phase refrigerant sprayed from
the nozzle 224 passes between a first end portion 222j
of each of the heat transfer tubes 222p in the first tier
222a and a second end portion 222k of each of the heat
transfer tubes 222p in the second tier 222b. The first end
portion 222j is an end portion close to the second tier
222b in the direction (Y-axis direction) perpendicular to
the first plane. The second end portion 222k is an end
portion close to the first tier 222a in the direction (Y-axis
direction) perpendicular to the first plane. The spray pat-
tern of the liquid phase refrigerant sprayed from the noz-
zle 224 passes between the first tier 222a and the second
tier 222b.

[0123] The second tier 222b is, for example, disposed
below the first tier 222a in the gravitational direction. The
heat transfer tube group 222 includes, for example, a
lower heat transfer tube group 222c. The lower heat
transfer tube group 222c has a plurality of the heat trans-
fer tubes 222p, and is disposed below the second tier
222bin the gravitational direction. Each of the heat trans-
fer tubes 222p of the lower heat transfer tube group 222c
is disposed, for example, directly below any of the plu-
rality of heat transfer tubes 222p in the second tier 222b.
[0124] As shown in FIG. 16, for example, the plurality
of heattransfer tubes 222p of the lower heat transfer tube
group 222c and the plurality of heat transfer tubes 222p
in the second tier 222b form arectangular grid or asquare
grid on the third plane.

[3-2. Operation]

[0125] An operation and an effect of the evaporator
201 configured as a shell-and-tube heat exchanger as
described above, will be described below.

[0126] In a steady operation of the refrigeration cycle
device 200, in the evaporator 201, the pump 226 oper-
ates, and the liquid phase refrigerant is supplied through
the circulation circuit 225 and the header 223 to the noz-
zle 224. Thus, the liquid phase refrigerant is sprayed from
the nozzle 224 toward the heat transfer tube group 222.
Meanwhile, the heat medium is introduced from the out-
side of the evaporator 201 through the secondary-side
inflow port 228a into the first cover 229a. Subsequently,
the heat medium passes in the heat transfer tube 222p
in the X-axis positive direction, and is introduced to a
space below the partition 229d inside the second cover
229b. Inside the second cover 229b, the flow direction
of the heat medium is inverted, and the heat medium
passes in the heat transfer tube 222p in the X-axis neg-
ative direction, and is introduced to a space between the
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two partitions 229c inside the first cover 229a. Subse-
quently, inside the first cover 229a, the flow direction of
the heat mediumisinverted, and the heatmedium passes
in the heat transfer tube 222p in the X-axis positive di-
rection, and is introduced to a space above the partition
229d inside the second cover 229b. Inside the second
cover 229b, the flow direction of the heat medium is in-
verted, and the heat medium passes in the heat transfer
tube 222p in the X-axis negative direction, and is intro-
duced into the first cover 229a. Thereafter, the heat me-
dium is introduced to the outside of the evaporator 201
through the secondary-side outflow port 228b.

[0127] Asshownin FIG. 14, the nozzle 224 sprays the
liquid phase refrigeranttoward a space between two tiers
of the heat transfer tubes adjacent to each other in the
Y-axis direction. The liquid phase refrigerant is sprayed
to form a spray patternin which the spray axis Am extends
between the two tiers. The liquid phase refrigerant gen-
erated in the form of mist by spraying the liquid phase
refrigerant is adhered to the outer surfaces of the heat
transfer tubes 222p. Through heat exchange between
the heat medium inside the heat transfer tube 222p and
the liquid phase refrigerant adhered to the outer surface
ofthe heattransfertube 222p, the liquid phase refrigerant
evaporates and a gas phase refrigerant is generated.
The liquid phase refrigerant that has notbeen evaporated
flows along the outer surfaces of the heat transfer tubes
222p, and drops toward the heat transfer tubes 222p dis-
posed on the lower side.

[0128] AsshowninFIG. 15, forexample, when the first
tier 222a is seen in the direction (Y-axis direction) per-
pendicular to the first plane, a spray pattern of the liquid
phase refrigerant is formed such that the spray axis Am
extends perpendicular to the central axis Ax of the heat
transfer tube 222p in the first tier 222a. The distance L
between the nozzle 224 and the heat transfer tube 222p
closest to the nozzle 224 in the Z-axis direction in the
heattransfer tube group 222, has a predetermined value.
Therefore, the spray area M of the liquid phase refrigerant
is gradually increased from the heat transfer tube 222p
at the forefront line in the first tier 222a toward the heat
transfer tube 222p at the rearmost line therein, and a
sufficient range of the outer surface of the heat transfer
tube 222p at the rearmost line in the first tier 222a is wet
with the liquid phase refrigerant.

[0129] AsshowninFIG. 16, theliquid phase refrigerant
sprayed from the nozzle 224 passes between the heat
transfer tubes 222p in the first tier 222a and the heat
transfer tubes 222p in the second tier 222b, which are
disposed to form a rectangular grid, a square grid, or a
parallelogram grid on the third plane. A member such as
a heat transfer tube that directly hinders advance of the
liquid phase refrigerant sprayed from the nozzle 224 is
not present between the first tier 222a and the second
tier 222b. Therefore, the liquid phase refrigerant sprayed
from the nozzle 224 easily flows straight between the first
tier 222a and the second tier 222b. Meanwhile, a part of
the liquid phase refrigerant sprayed from the nozzle 224
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comes into contact with the first end portion 222j of the
heat transfer tube 222p in the first tier 222a and the sec-
ond end portion 222k of the heat transfer tube 222p in
the second tier 222b. A part of the liquid phase refrigerant
in contact with the heat transfer tube 222p in the first tier
222a flows in the Y-axis positive direction along the front
edge of the heat transfer tube 222p with respect to flow
of the liquid phase refrigerant. Meanwhile, a part of the
liquid phase refrigerant in contact with the heat transfer
tube 222p in the second tier 222b flows in the Y-axis
negative direction along the frontedge of the heat transfer
tube 222p. In addition, another part of the liquid phase
refrigerant flows in the Y-axis negative direction along
the rear edge of the heat transfer tube 222p in the second
tier 222b. Such flow of the liquid phase refrigerant is gen-
erated around the heat transfer tubes 222p in each line
in the first tier 222a and the second tier 222b.

[0130] As shown in FIG. 16, in an upper heat transfer
tube group 222m formed by the first tier 222a and the
second tier 222b, the liquid phase refrigerant comes into
direct contact with the outer surfaces of the heat transfer
tubes 222p, heat transfer involving forced convection is
generated, and heat exchange between the liquid phase
refrigerant and the heat medium is promoted.

[0131] Onthe outer surfaces of the heat transfer tubes
222p in the second tier 222b, the liquid phase refrigerant
forms a liquid film while flowing in the Y-axis negative
direction, and a part of the liquid phase refrigerant forming
the liquid film evaporates. An unevaporated liquid phase
refrigerant which has not been able to evaporate in the
upper heat transfer tube group 222m is dropped from the
lowermost portion of the heat transfer tubes 222p in the
second tier 222b toward the heat transfer tubes 222p of
the lower heat transfer tube group 222c. The dropped
liquid phase refrigerant flows downward while forming a
liquid film on the outer surfaces of the heat transfer tubes
222p, a part of the liquid phase refrigerant evaporates,
and another part of the liquid phase refrigerant is dropped
further toward the heat transfer tubes 222p disposed on
the lower side. Such flow and drop of the liquid phase
refrigerant is generated around the heat transfer tubes
22p in each line of the lower heat transfer tube group
222c. Thus, the liquid phase refrigerant sprayed from the
nozzle 224 is dropped and indirectly supplied, from the
heat transfer tubes 222p of the upper heat transfer tube
group 222m, around the heat transfer tubes 222p of the
lower heat transfer tube group 222c. The liquid phase
refrigerant that has remained after the dropping is stored
at the bottom of the shell 221.

[0132] The liquid phase refrigerant sprayed from the
nozzle 224 is directly supplied around the heat transfer
tubes 222p of the upper heat transfer tube group 222m,
and forced convection is generated. The nozzle 224
sprays the liquid phase refrigerant to form a flat spray
pattern having the spray axis Am, so that the liquid phase
refrigerant is likely to flow straight between the first tier
222a and the second tier 222b. Thus, in the upper heat
transfer tube group 222m, forced convection of the liquid
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phase refrigerant is likely to be generated also around
the heat transfer tubes 222p far from the nozzle 224.
Therefore, the outer surfaces of the heat transfer tubes
222p far from the nozzle 224 are likely to be wet with the
liquid phase refrigerant, and dryout is unlikely to occur
on the outer surfaces of the far heat transfer tubes 222p.
[0133] In addition, the liquid phase refrigerant is
dropped from the heat transfer tubes 222p of the upper
heat transfer tube group 222m toward the lower heat
transfer tube group 22c. Therefore, in the lower heat
transfer tube group 222c, a liquid film of the liquid phase
refrigerantis likely to be formed also on the outer surfaces
of the heat transfer tubes 222p far from the nozzle 224.
Therefore, the outer surfaces of the heat transfer tubes
22p disposed far from the nozzle 224 are likely to be wet
with the liquid phase refrigerant, and dryout is unlikely to
occur on the outer surfaces of the far heat transfer tubes
222p.

[3-3. Effect and the like]

[0134] As described above, in the present embodi-
ment, the evaporator 201 configured as a shell-and-tube
heat exchanger includes the shell 221, the heat transfer
tube group 222, and the nozzle 224. The heat transfer
tube group 222 is disposed inside the shell 221. The noz-
zle 224 sprays a liquid phase refrigerant toward the heat
transfer tube group 222. The heat transfer tube group
222 includes the first tier 222a and the second tier 222b.
The first tier 222a has the plurality of heat transfer tubes
222p arranged along the first plane. The second tier 222b
has the plurality of heat transfer tubes 222p arranged
along the second plane parallel to the first plane, and is
adjacent to the first tier 222a in the direction perpendic-
ular to the first plane. The nozzle 224 sprays a liquid
phase refrigerant to form a flat spray pattern that has the
spray axis Am and that passes between the first tier 222a
and the second tier 222b. The spray axis Am passes
between the first end portion 222j of each of the heat
transfer tubes 222p in the first tier 222a, and the second
end portion 222k of each of the heat transfer tubes 222p
in the second tier 222b. The first end portion 222j is an
end portion, which is close to the second tier 222b in the
direction perpendicular to the first plane, of each of the
heattransfer tubes 222p in the first tier 222a. The second
end portion 222k is an end portion, which is close to the
first tier 222a in the direction perpendicular to the first
plane, of each of the heat transfer tubes 222p in the sec-
ond tier 222b.

[0135] Thus, since the nozzle 224 sprays a liquid
phase refrigerant to form a flat spray pattern having the
spray axis Am, the liquid phase refrigerantis likely to flow
straight between the first tier 222a and the second tier
222b. Therefore, in the first tier 222a and the second tier
222b, forced convection of the liquid phase refrigerant is
likely to be generated also around the heat transfer tubes
222p far from the nozzle 224. As a result, the outer sur-
faces of the heat transfer tubes 222p far from the nozzle
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224 are likely to be wet with the liquid phase refrigerant,
and dryout is unlikely to occur on the outer surfaces of
the far heat transfer tubes 222p.

[0136] As in the present embodiment, an imaginary
plane that does not intersect a tangible object in a space
from one end to the other end of the first tier 222a in the
direction in which the heat transfer tubes 222p in the first
tier 222a are arranged may be between the first tier 222a
and the second tier 222b. Thus, the liquid phase refrig-
erant is likely to flow straight from one end to the other
end of the first tier 222a between the first tier 222a and
the second tier 222b, and dryout is more assuredly in-
hibited from occurring on the outer surfaces of the far
heat transfer tubes 222p.

[0137] As in the present embodiment, the plurality of
heat transfer tubes 222p in the first tier 222a and the
plurality of heat transfer tubes 222p in the second tier
222b may form a rectangular grid, a square grid, or a
parallelogram grid on the third plane perpendicular to the
longitudinal direction of the heat transfer tube 222p.
Thus, the liquid phase refrigerant between the first tier
222a and the second tier 222b is likely to flow stably and
flow straight. As a result, dryout is more assuredly inhib-
ited from occurring on the outer surfaces of the far heat
transfer tubes 222p.

[0138] As in the present embodiment, the second tier
222b may be disposed below the first tier 222a in the
gravitational direction. In addition, the heat transfer tube
group 222 may include the lower heattransfer tube group
222c which has the plurality of heat transfer tubes 222p,
and is disposed below the second tier 222b in the grav-
itational direction. Thus, the liquid phase refrigerant is
dropped from the second tier 222b toward the lower heat
transfer tube group 222c, and the outer surfaces of the
heat transfer tubes 222p far from the nozzle 224 are likely
to be also wet with the liquid phase refrigerantin the lower
heat transfer tube group 222c. As a result, dryout is un-
likely to occur on the outer surfaces of the far heat transfer
tubes 222p in the lower heat transfer tube group 222c.
In this case, the plurality of heat transfer tubes 222p in
the first tier 222a and the plurality of heat transfer tubes
222p in the second tier 222b may form a rectangular grid
or a square grid on the third plane perpendicular to the
longitudinal direction of the heat transfer tube 222p.
Thus, the liquid phase refrigerant is likely to be more as-
suredly dropped toward the lower heat transfer tube
group 222c.

[0139] As in the present embodiment, the plurality of
heat transfer tubes 222p of the lower heat transfer tube
group 222c¢ and the plurality of heat transfer tubes 222p
inthe second tier 222b form arectangular grid or asquare
grid on the third plane. Thus, the liquid phase refrigerant
dropped from the plurality of heat transfer tubes 222p in
the second tier 222b more assuredly form a liquid film on
the outer surface of each heat transfer tube 222p of the
lower heat transfer tube group 222c, and the outer sur-
face thereof is likely to be made wet. As a result, dryout
is more assuredly inhibited from occurring on the outer
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surfaces of the far heat transfer tubes 222p in the lower
heat transfer tube group 222c.

[0140] As inthe present embodiment, the refrigeration
cycle device 200 that includes the evaporator 201 con-
figured as a shell-and-tube heat exchange can be pro-
vided. Dryout is unlikely to occur on the outer surfaces
of the heat transfer tubes 222p far from the nozzle 224.
Therefore, the refrigeration cycle device 200 is likely to
have high coefficient of performance (COP).

[0141] The present embodiment can provide a heat
exchange method including the following matters (1) and

(.

(I) The heat medium is caused to pass in the heat
transfer tube group 222 that includes the first tier
222a and the second tier 222b. The first tier 222a
has the plurality of heat transfer tubes arranged
along the first plane. The second tier 222b has the
plurality of heat transfer tubes 222p arranged along
the second plane parallel to the first plane, and is
adjacent to the first tier 222a in the direction perpen-
dicular to the first plane.

(I1) A liquid phase refrigerant is sprayed toward the
heat transfer tube group 222 to form a flat spray pat-
tern that has the spray axis Am and that passes be-
tween the first tier 222a and the second tier 222b, to
cause heat exchange between the heat medium and
the liquid phase refrigerant. The spray axis Am pass-
es between the first end portion 222j, which is close
to the second tier 222b, of each of the heat transfer
tubes 222p in the first tier 222a and the second end
portion 222k, which is close to the first tier 222a, of
each of the heat transfer tubes 222p in the second
tier 222b.

(Embodiment 4)

[0142] Embodiment4 will be described below with ref-
erence to FIG. 17. The configuration of Embodiment 4 is
the same as the configuration of Embodiment 3 except
for the particularly described matter. The components of
Embodiment 4 which are the same as or correspond to
the components of Embodiment 3 are denoted by the
same reference signs, and the detailed description there-
of is omitted. The description for Embodiment 3 also ap-
plies to Embodiment 4 as long as there is no technical
contradiction.

[4-1. Configuration]

[0143] FIG. 17 illustrates a region over which a liquid
phase refrigerant is sprayed from the nozzle 224 in Em-
bodiment 4. In FIG. 17, the heat transfer tube group 222
andthe spray area M of a liquid phase refrigerant sprayed
from the nozzle 224 are seen along the Y-axis direction.
As shown in FIG. 17, when the first tier 222a is seen
along the direction (Y-axis direction) perpendicular to the
first plane, the spray axis Am of the spray pattern of the
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liquid phase refrigerant sprayed from the nozzle 224
forms an acute angle 6 having a predetermined value
relative to a straight line P. The straight line P extends
perpendicular to the longitudinal direction (X-axis direc-
tion) of the heat transfer tube 222p in the first tier 222a.
[0144] The acute angle 6 is not limited to an angle hav-
ing a specific value. The acute angle 6 is, for example,
a/2. a represents the central angle of the spray area M.
For example, the central angle o is 80°, and the acute
angle 0 is 40°.

[4-2. Operation]

[0145] An operation and an effect of Embodiment 2
having the above-described configuration will be de-
scribed below.

[0146] As shown in FIG. 17, a liquid phase refrigerant
is sprayed from the nozzle 224 such that the spray axis
Am forms the acute angle 0 relative to the straight line
P. Also in a case where the nozzle 224 is disposed near
the heat transfer tube group 222, a range of the heat
transfer tube group 222 overlapping the spray area M is
likely to be large on the XZ plane. For example, a first
contour line W1 of the spray area M is likely to extend
along the straight line P, and a second contour line W2
of the spray area M is likely to extend along the central
axis Ax of the heat transfer tube 22p.

[0147] A case where the nozzle 224 is disposed such
that the spray axis Am is parallel to the straight line P, in
other words, a case where the nozzle 224 is disposed
such that the spray axis Amis perpendicular to the central
axis Ax of the heat transfer tube 222p, will be considered.
In this case, in a case where a distance L is short, and
the nozzle 224 is disposed near the heat transfer tube
group 222, a range over which the spray area M and the
heat transfer tubes 222p close to the nozzle 224 in the
heat transfer tube group 222 overlap each other becomes
small on the XZ plane. Particularly, a portion distant from
the nozzle 224 in the longitudinal direction of the heat
transfer tube 222p is unlikely to overlap the spray area
M. Thus, on the outer surfaces of the heat transfer tubes
222p of the heat transfer tube group 222, a portion which
is unlikely to be reached by the liquid phase refrigerant
sprayed from the nozzle 224 is likely to be generated.
Meanwhile, according to the present embodiment, oc-
currence of such a state can be inhibited. Therefore, a
wide range of the outer surfaces of the heat transfer tubes
222p of the heat transfer tube group 222 can be made
wetwith the liquid phase refrigerant, and dryoutis unlikely
to occur on the outer surfaces of the heat transfer tubes
222p.

[0148] As showninFIG. 17, in a case where the liquid
phase refrigerant is sprayed such that the spray axis Am
forms the acute angle 0 relative to the straight line P, the
liquid phase refrigerant sprayed from the nozzle 224
forms a flow C1 and a flow C2. The flow C1 is a flow of
the liquid phase refrigerant which passes between the
heat transfer tube 222p in the first tier 222a and the heat
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transfer tube 222p in the second tier 222b. The flow C2
is a flow of the liquid phase refrigerant which collides with
the front edge of the outer surface of the heat transfer
tube 222p and moves along the longitudinal direction (X-
axis direction) of the heat transfer tube 222p. A part of
the liquid phase refrigerant sprayed from the nozzle 224
collides with the front edge of the outer surface of the
heat transfer tube 222p in a state where the part of the
liquid phase refrigerant has a velocity component in the
X-axis direction. Therefore, such aflow ofthe liquid phase
refrigerant is generated.

[0149] The flow C1 is a flow of the liquid phase refrig-
erant which is sprayed from the nozzle 224 and spreads
to form the spray area M having the central angle a.. The
liquid phase refrigerant in the flow C1 passes between
the first tier 222a and the second tier 222b while coming
into contact with the first end portions 222j of the plurality
of heat transfer tubes 222p in the first tier 222a or the
second end portions 222k of the plurality of heat transfer
tubes 222p in the second tier 222b.

[0150] Generation of the flow C1 and the flow C2 caus-
es not only movement of the liquid phase refrigerant in
the direction (Z-axis direction) in which the heat transfer
tubes 222p are arranged in the first tier 222a, but also
movement of the liquid phase refrigerant in the longitu-
dinal direction (X-axis direction) of the heat transfer tube
22p. Therefore, heat transfer involving forced convection
is promoted. In addition, as described above, a wide
range of the outer surfaces of the heat transfer tubes
222p of the heat transfer tube group 222, which include
the heat transfer tubes 222p close to the nozzle 224, is
wet with the liquid phase refrigerant.

[4-3. Effect and the like]

[0151] As described above, in the present embodi-
ment, when the first tier 222a is seen along the direction
(Y-axis direction) perpendicular to the first plane, the
spray axis Am forms the acute angle 6 having a prede-
termined value relative to the straight line P.

[0152] Thus, even in a case where the nozzle 224 is
disposed near the heat transfer tube group 222, a wide
range of the outer surfaces of the heat transfer tubes
222p of the heat transfer tube group 222 can be made
wetwith the liquid phase refrigerant, and dryout is unlikely
to occur on the outer surfaces of the heat transfer tubes
222p.

[0153] For example, a pressure at which the liquid
phase refrigerant is supplied to the nozzle 224 is consid-
ered to be reduced to cope with an operation of the re-
frigeration cycle device 200 under a low load condition.
In this case, the central angle of the spray pattern of the
liquid phase refrigerant sprayed from the nozzle 224 be-
comes small, and the spray area M may become narrow.
Furthermore, a flow rate of the liquid phase refrigerant
sprayed from the nozzle 224 may become low. However,
according to the present embodiment, also in such a
case, a desired range of the outer surfaces of the heat
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transfer tubes 222p of the heat transfer tube group 222
can be made wet with the liquid phase refrigerant, and
dryout is unlikely to occur on the outer surfaces of the
heat transfer tubes 222p.

(Embodiment 5)

[0154] Embodiment 5 will be described below with ref-
erence to FIG. 18. The configuration of Embodiment 5 is
the same as the configuration of Embodiment 3 except
for the particularly described matter. The components of
Embodiment 5 which are the same as or correspond to
the components of Embodiment 3 are denoted by the
same reference signs, and the detailed description there-
of is omitted. The description for Embodiment 3 also ap-
plies to Embodiment 5 as long as there is no technical
contradiction.

[5-1. Configuration]

[0155] FIG. 18 illustrates a state where a liquid phase
refrigerant is sprayed and flows in the evaporator 201
according to Embodiment 5. As shown in FIG. 18, the
heat transfer tube group 222 has a distal heat transfer
tube 222d. The distal heat transfer tube 222d is posi-
tioned to intersect the spray axis Am. For example, the
distal heat transfer tube 222d intersects the central axis
of the nozzle 224. The firsttier 222a is disposed between
the nozzle 224 and the distal heat transfer tube 222d in
the direction (Z-axis direction) in which the plurality of
heat transfer tubes 222p in the first tier 222a are ar-
ranged.

[0156] As shown in FIG. 18, the heat transfer tube
group 222 has, for example, lower heat transfer tubes
222e. The lower heat transfer tube 222e¢ is disposed di-
rectly blow the distal heat transfer tube 222d in the grav-
itational direction.

[0157] The distal heattransfertube 222d and the lower
heat transfer tube 222e have, for example, the same
shape and size as those of the heat transfer tube 222p
in the first tier 222a, the second tier 222b, or the lower
heat transfer tube group 222c.

[5-2. Operation]

[0158] An operation and an effect of Embodiment 5
having the above-described configuration will be de-
scribed below.

[0159] A liquid phase refrigerant that has passed be-
tween the first tier 222a and the second tier 222b collides
with and is captured by the distal heat transfer tube 222d.
Therefore, heat transfer involved by forced convection
around the distal heat transfer tube 222d is promoted
more greatly than heat transfer involved by forced con-
vection around the heat transfer tubes 222p in the first
tier 222a and the second tier 222b. In addition, the outer
surface of the distal heat transfer tube 222d disposed far
from the nozzle 224 can be made wet with the liquid
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phase refrigerant, and dryout on the outer surface of the
heat transfer tube far from the nozzle 224 can be inhib-
ited.

[0160] The liquid phase refrigerant that has collided
with the distal heat transfer tube 222d flows along the
outer surface of the distal heat transfer tube 222d, and
is dropped toward the lower heat transfer tubes 222e.
Thus, the outer surfaces of the lower heat transfer tubes
222e disposed far from the nozzle 224 can be made wet
with the liquid phase refrigerant, and dryout on the outer
surface of the heat transfer tube far from the nozzle 224
can be inhibited.

[5-3. Effect and the like]

[0161] As described above, in the present embodi-
ment, the heat transfer tube group 222 has the distal heat
transfer tube 222d, and the distal heat transfer tube 222d
is positioned to intersect the spray axis Am. In addition,
the first tier 222a is disposed between the nozzle 224
and the distal heat transfer tube 222d in the direction in
which the plurality of heat transfer tubes 222p in the first
tier 222a are arranged.

[0162] Thus, heat transfer involved by forced convec-
tion around the distal heat transfer tube 222d is greatly
promoted, and dryout on the outer surface of the distal
heat transfer tube 222d disposed far from the nozzle 224
can be inhibited.

[0163] Forexample,alsoinacasewhereaload abrupt-
ly changes in the refrigeration cycle device 200, and a
pressure at which the liquid phase refrigerant is supplied
to the nozzle 224 is changed, the outer surfaces of the
heat transfer tubes 222p of the heat transfer tube group
222 can be stably made wet regardless of a pressure at
which the liquid phase refrigerantis supplied to the nozzle
224. Therefore, in a wide range of operation conditions
including a low load condition and an overload condition,
the outer surfaces of the heat transfer tubes 222p of the
heat transfer tube group 222 can be made wet with liquid
phase refrigerant in a desired state.

[0164] For example, in a case where the refrigeration
cycle device 200 is an absorption refrigerator, a gas
phase refrigerant generated in the evaporator 201 can
be supplied toward an absorber. At this time, a liquid
phase refrigerant is desirably inhibited from being intro-
duced to the absorber on the flow of the gas phase re-
frigerant supplied from the evaporator 201, from the view-
point of enhancing the COP of the absorption refrigerator.
According to the present embodiment, the liquid phase
refrigerant that has passed between the first tier 222a
and the second tier 222b collides with and is captured
by the distal heat transfer tube 222d. Therefore, the liquid
phase refrigerantis easily inhibited from being introduced
from the evaporator 201 toward the absorber.

[0165] Asinthe presentembodiment, the heattransfer
tube group 222 may have the lower heat transfer tube
222e disposed directly below the distal heat transfer tube
222dinthe gravitational direction. Thus, the outer surface
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of the lower heat transfer tube 222e can be made wet
with the liquid phase refrigerant dropped from the distal
heat transfer tube 222d.

(Other embodiments)

[0166] Embodiments 3, 4, and 5 have been described
above as examples of the technique disclosed in the
present application. However, the technique of the
present disclosure is not limited thereto, and can also be
applied to embodiments obtained by modification, re-
placement, addition, omission, or the like. Furthermore,
the components described above in Embodiments 3, 4,
and 5 can be combined to obtain a new embodiment.
Other embodiments will be illustrated below.

[0167] In Embodiment 3, the evaporator 201 that in-
cludes the nozzle 224 for spraying a liquid phase refrig-
erant is described as an example of the shell-and-tube
heat exchanger. In the shell-and-tube heat exchanger,
the nozzle 224 may be any nozzle which sprays liquid.
Therefore, a liquid sprayed from the nozzle 224 is not
limited to a liquid phase refrigerant. Accordingly, the lig-
uid sprayed from the nozzle 224 may be a coolant used
by a condenser of a refrigeration cycle device for con-
densing a gas phase refrigerant, or another liquid. How-
ever, in a case where the liquid sprayed from the nozzle
224 is a liquid phase refrigerant, the shell-and-tube heat
exchanger can be used as an evaporator of the refriger-
ation cycle device.

[0168] In Embodiment 3, the evaporator 201 in which
the spray axis Am extends horizontally is described as
an example of the shell-and-tube heat exchanger. The
spray axis Am may be any spray axis that passes be-
tween the first end portions 222j, which are close to the
second tier 222b, of the heat transfer tubes 222p in the
first tier 222a and the second end portions 222k, which
are close to the first tier 222a, of the plurality of heat
transfer tubes 222p in the second tier 222b. Therefore,
the spray axis Am may be inclined relative to the hori-
zontal plane. However, in a case where the spray axis
Am extends horizontally, the plurality of heat transfer
tubes 222p in the first tier 222a and the second tier 222b
can be easily disposed.

[0169] In Embodiment 3, it is indicated that an imagi-
nary plane that does not intersect a tangible object in a
space from one end to the other end of the first tier 222a
in the direction in which the heat transfer tubes 222p in
the first tier 222a are arranged may be between the first
tier 222a and the second tier 222b. The spray axis Am
may be any spray axis that passes between the first end
portions 222j of the heat transfer tubes 222p in the first
tier 222a and the second end portions 222k of the heat
transfer tubes 222p in the second tier 222b, in the shell-
and tube heat exchanger. Therefore, a member such as
a wire material or a rod material that hardly affects a flow
of liquid sprayed from the nozzle 224 and does not affect
formation of the spray axis Am may be disposed between
the first tier 222a and the second tier 222b.
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[0170] InEmbodiment5, an exampleinwhich the distal
heat transfer tube 222d has the same shape and size as
the heat transfer tube 222p has been described. In the
shell-and-tube heat exchanger, the distal heat transfer
tube 222d may be any one that can be positioned to in-
tersect the spray axis Am. Therefore, the shape and size
of the distal heat transfer tube 222d are not limited to the
same shape and size as those of the heat transfer tube
222p. However, in a case where the distal heat transfer
tube 222d has the same shape and size as the heat trans-
fer tube 222p, the distal heat transfer tube 222d need not
be prepared separately from the heat transfer tube 222p,
and production management is easily performed. Fur-
thermore, a tube having an outer diameter greater than
that of the heat transfer tube 222p may be used as the
distal heat transfer tube 222d. In this case, the liquid
phase refrigerant can be more assuredly captured by the
distal heat transfer tube 222d.

INDUSTRIAL APPLICABILITY

[0171] The shell-and-tube heat exchanger disclosed
in the present specification is particularly useful for an air
conditioner such as a business-use air conditioner. The
shell-and-tube heat exchanger may be used as a con-
denser as well as an evaporator. The refrigeration cycle
device disclosed in the present specification is not limited
to an air conditioner, and may be another device such
as an absorption refrigerator, a chiller, and a heat storage
device.

Claims
1. A shell-and-tube heat exchanger comprising:

a shell;

a plurality of heat transfer tubes disposed inside
the shell; and

a nozzle, wherein

the shell-and-tube heat exchanger satisfies the
following conditions (la), (Ib), (Ic), and (Id) or the
following conditions (Ila), (lIb), (llc), and (lld),
(la) the plurality of heat transfer tubes is dis-
posed inside the shell in a manner that the heat
transfer tubes are parallel to each other, and a
first fluid flows in the plurality of heat transfer
tubes,

(Ib) the nozzle includes a plurality of nozzles that
is disposed inside the shell and that sprays a
second fluid toward the plurality of heat transfer
tubes,

(Ic) when a direction parallel to a longitudinal
direction of the plurality of heat transfer tubes is
defined as an X direction, a direction perpendic-
ular to the X direction is defined as a Y direction,
and a direction perpendicular to the X direction
and the Y direction is defined as a Z direction,
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the plurality of nozzles includes a plurality of first
nozzles that sprays the second fluid from a first
side toward a second side in the Z direction, and
a plurality of second nozzles that sprays the sec-
ond fluid from the first side toward the second
side in the Z direction,

(Id) on a projected image obtained by projecting
the plurality of first nozzles and the plurality of
second nozzles in the Z direction, the plurality
of first nozzles and the plurality of second noz-
zles form a staggered arrangement pattern,
(lla) the plurality of heat transfer tubes consti-
tutes a heat transfer tube group,

(llb) the nozzle sprays liquid toward the heat
transfer tube group,

(llc) the heat transfer tube group includes a first
tier having a plurality of heat transfer tubes ar-
ranged along a first plane, and a second tier that
has a plurality of heat transfer tubes arranged
along a second plane parallel to the first plane
and that is adjacent to the first tier in a direction
perpendicular to the first plane, and

(Ild) the nozzle sprays the liquid to form a flat
spray pattern that has a spray axis passing be-
tween a first end portion, which is close to the
second tier in the direction perpendicular to the
first plane, of the plurality of heat transfer tubes
in the first tier and a second end portion, which
is close to the first tier in the direction perpen-
dicular to the first plane, of the plurality of heat
transfer tubes in the second tier and that passes
between the first tier and the second tier.

The shell-and-tube heat exchanger according to
claim 1, wherein the shell-and-tube heat exchanger
satisfies the conditions (la), (Ib), (Ic), and (Id).

The shell-and-tube heat exchanger according to
claim 2, wherein a spray axis of each of the first noz-
zles and a spray axis of each of the second nozzles
are parallel to a direction inclined relative to both the
X direction and the Z direction.

The shell-and-tube heat exchanger according to
claim 3, wherein

in a planar view in the Y direction, the spray axis
of each of the first nozzles is inclined clockwise
relative to a first reference line that passes
through a center of an opening of the first nozzle
and is parallel to the Z direction, and

in a planar view in the Y direction, the spray axis
of each of the second nozzles is inclined coun-
terclockwise relative to a second reference line
that passes through a center of an opening of
the second nozzle and is parallel to the Z direc-
tion.
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The shell-and-tube heat exchanger according to
claim 4, wherein, in a planar view in the Y direction,
an angle between the spray axis of the first nozzle
and the first reference line is equal to an angle be-
tween the spray axis of the second nozzle and the
second reference line.

The shell-and-tube heat exchanger according to any
one of claims 2 to 5, wherein

the plurality of nozzles includes a plurality of third
nozzles that sprays the second fluid from the
second side toward the first side in the Z direc-
tion, and a plurality of fourth nozzles that sprays
the second fluid from the second side toward
the first side in the Z direction, and

on a projected image obtained by projecting the
plurality of third nozzles and the plurality of fourth
nozzles in the Z direction, the plurality of third
nozzles and the plurality of fourth nozzles form
a staggered arrangement pattern.

The shell-and-tube heat exchanger according to
claim 6, wherein a spray axis of each of the third
nozzles and a spray axis of each of the fourth nozzles
are parallel to a direction inclined relative to both the
X direction and the Z direction.

The shell-and-tube heat exchanger according to
claim 7, wherein

in a planar view in the Y direction, the spray axis
of each of the third nozzles is inclined clockwise
relative to a third reference line that passes
through a center of an opening of the third nozzle
and is parallel to the Z direction, and

in a planar view in the Y direction, the spray axis
of each of the fourth nozzles is inclined counter-
clockwise relative to a fourth reference line that
passes through a center of an opening of the
fourth nozzle and is parallel to the Z direction.

The shell-and-tube heat exchanger according to
claim 7 or 8, wherein, in a planar view in the Y direc-
tion, an angle between the spray axis of the third
nozzle and the third reference line is equal to an an-
gle between the spray axis of the fourth nozzle and
the fourth reference line.

The shell-and-tube heat exchanger according to any
one of claims 6 to 9, wherein

in a planar view in the Y direction, a position of
the plurality of third nozzles is offset relative to
a position of the plurality of first nozzle in the X
direction, and

in a planar view in the Y direction, a position of
the plurality of fourth nozzles is offset relative to
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a position of the plurality of second nozzles in
the X direction.

The shell-and-tube heat exchanger according to any
one of claims 2 to 10, wherein

the spray axis of each of the first nozzles passes
between the heat transfer tube and the heat
transfer tube adjacent to each other in the Y di-
rection, and

the spray axis of each of the second nozzles
passes between the heat transfer tube and the
heat transfer tube adjacent to each other in the
Y direction.

The shell-and-tube heat exchanger according to any
one of claims 6 to 10, wherein

the spray axis of each of the third nozzles passes
between the heat transfer tube and the heat
transfer tube adjacent to each other in the Y di-
rection, and

the spray axis of each of the fourth nozzles pass-
es between the heat transfer tube and the heat
transfer tube adjacent to each other in the Y di-
rection.

The shell-and-tube heat exchanger according to any
one of claims 2 to 12, wherein the plurality of heat
transfer tubes is located on grid points of a square
grid, on a cross-section perpendicular to the X direc-
tion and parallel to the Y direction and the Z direction.

The shell-and-tube heat exchanger according to any
one of claims 2 to 13,

wherein the plurality of heat transfer tubes includes
a round tube having a round cross-section.

A refrigeration cycle device comprising the shell-
and-tube heat exchanger according to any one of
claims 2 to 14.

The shell-and-tube heat exchanger according to
claim 1, wherein the shell-and-tube heat exchanger
satisfies the conditions (lla), (IIb), (lic), and (lid).

The shell-and-tube heat exchanger according to
claim 16, wherein an imaginary plane that does not
intersect a tangible object in a space from one end
of the first tier to the other end thereof in a direction
in which the plurality of heat transfer tubes in the first
tier are arranged is between the first tier and the sec-
ond tier.

The shell-and-tube heat exchanger according to
claim 16 or 17, wherein the plurality of heat transfer
tubes in the first tier and the plurality of heat transfer
tubes in the second tier form a rectangular grid, a
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square grid, or a parallelogram grid, on a third plane
perpendicular to the longitudinal direction of the heat
transfer tubes.

The shell-and-tube heat exchanger according to any
one of claims 16 to 18, wherein

the second tier is disposed below the first tier in
a gravitational direction, and

the heat transfer tube group includes a lower
heat transfer tube group that has a plurality of
heat transfer tubes and that is disposed below
the second tier in the gravitational direction.

The shell-and-tube heat exchanger according to
claim 19, wherein the plurality of heat transfer tubes
of the lower heat transfer tube group and the plurality
of heat transfer tubes in the second tier form a rec-
tangular grid or a square grid on the third plane per-
pendicular to the longitudinal direction of the heat
transfer tubes.

The shell-and-tube heat exchanger according to any
one of claims 16 to 20, wherein, when the first tier is
seen along a direction perpendicular to the first
plane, the spray axis forms an acute angle having a
predetermined value relative to a straight line ex-
tending perpendicular to the longitudinal direction of
the heat transfer tubes in the first tier.

The shell-and-tube heat exchanger according to any
one of claims 16 to 21, wherein

the heat transfer tube group has a distal heat
transfer tube positioned to intersect the spray
axis, and

the first tier is disposed between the nozzle and
the distal heat transfer tube in a direction in
which the plurality of heat transfer tubes in the
first tier are arranged.

The shell-and-tube heat exchanger according to
claim 22, wherein the heat transfer tube group has
a lower heat transfer tube disposed directly below
the distal heat transfer tube in the gravitational di-
rection.

A refrigeration cycle device comprising the shell-
and-tube heat exchanger according to any one of
claims 16 to 23.

A heat exchange method comprising:

causing a heat medium to passin a heattransfer
tube group that includes a first tier having a plu-
rality of heat transfer tubes arranged along a first
plane, and a second tier that has a plurality of
heat transfer tubes arranged along a second
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plane parallel to the first plane and that is adja-
cent to the first tier in a direction perpendicular
to the first plane; and

spraying a liquid toward the heat transfer tube
group to form a flat spray pattern that has a spray
axis passing between a first end portion, which
is close to the second tier in the direction per-
pendicular to the first plane, of the plurality of
heat transfer tubes in the first tier and a second
end portion, which is close to the first tier in the
direction perpendicular to the first plane, of the
plurality of heat transfer tubes in the second tier
and that passes between the first tier and the
second tier, and causing heat exchange be-
tween the heat medium and the liquid.
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