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Description
TECHNICAL FIELD

[0001] The present invention relates to a falling film
evaporator.

BACKGROUND ART

[0002] Conventionally, as an evaporator for refrigerant
used in a refrigeration apparatus such as a centrifugal
chiller, for example, patent literature 1 (JP-A No. H
8-189726) discloses a falling film evaporator. The falling
film evaporator is a heat exchanger in which a liquid re-
frigerant distribution apparatus is provided between a
heat transfer tube group in a tank and a vapor outlet pipe
extending out from the upper portion of the tank; the liquid
refrigerant distribution apparatus allows liquid refrigerant
to fall downwardly onto the heat transfer tube group; the
heattransfertube group allows the fallen liquid refrigerant
to evaporate. Gas refrigerant evaporated by the heat
transfer tube group flows out of the tank through the vapor
outlet pipe extending out from the upper portion of the
tank and is sent to a compressor.

SUMMARY OF INVENTION
<Technical Problem>

[0003] Inthe conventional falling film evaporator as de-
scribed above, in the case in which refrigerant decom-
pressed by a decompression mechanism such as an ex-
pansion valve remains in a gas-liquid two-phase state
and is supplied into the tank, the refrigerant in a gas-
liquid two-phase state flows into the liquid refrigerant dis-
tribution apparatus through a refrigerant inlet pipe pro-
vided on the tank.

[0004] Then, the gas refrigerant in the refrigerant in a
gas-liquid two-phase state which has flowed into the lig-
uid refrigerant distribution apparatus and the gas refrig-
erant generated as a result of evaporating with the heat
transfer tube group flow toward the vapor outlet pipe pro-
vided in the upper portion of the tank.

[0005] Here, in the case in which the vapor outlet pipe
extends out from an upper middle portion of the tank, the
liquid refrigerant downwardly falling from the liquid refrig-
erant distribution apparatus is less prone to flowing out
through the vapor outlet pipe because the liquid refriger-
ant is distant from the vapor outlet pipe.

[0006] However, in the case in which the vapor outlet
pipe extends out from a location other than the upper
middle portion of the tank, for example, in the case in
which a different member needs to be disposed on the
upper portion of the tank, in the case in which an end of
the vapor outlet pipe is not connected to the upper portion
of the tank, or the like, the following portions of the liquid
refrigerant downwardly falling from the liquid refrigerant
distribution apparatus are generated: some portion is
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prone to reaching the vapor outlet pipe, and other portion
is less prone to reaching the vapor outlet pipe.

[0007] If there is the portion around the vapor outlet
pipe where the liquid refrigerant downwardly falling from
the liquid refrigerant distribution apparatus is easy to
reach as described above, the gas refrigerant flowing
through this portion may carry the liquid refrigerant to
cause the carryover in which the liquid refrigerant flows
out of the tank through the vapor outlet pipe.

[0008] The presentinvention has been created in view
of the above. It is an object of the present invention to
provide a falling film evaporator which is able to reduce
an outflow of liquid refrigerant even in the case in which
the vapor outlet pipe is provided in a location other than
the upper middle portion of the tank.

<Solution to Problem>

[0009] A falling film evaporator according to a first as-
pect is a falling film evaporator used for a refrigeration
apparatus. The falling film evaporator includes a heat
transfer tube group, a tank, a liquid refrigerant distribution
part, a vapor outlet pipe, and an isolation member. The
heat transfer tube group has a plurality of heat transfer
tubes flowing heat medium therein and longitudinally ex-
tending. The tank has the heat transfer tube group dis-
posed therein and is provided with a refrigerant flow inlet.
The liquid refrigerant distribution part allows liquid refrig-
erant of refrigerant in a gas-liquid two-phase state sup-
plied in the tank through the refrigerant flow inlet to down-
wardly fall onto the heat transfer tube group. The vapor
outlet pipe extends out from a lateral or upper position
of the tank other than a top of the tank as viewed in the
longitudinal direction of the tank. The isolation member
covers a place below a lowest portion of a connection
portion of the tank and the vapor outlet pipe as viewed
in the axial direction of the heat transfer tubes, extends
between the vapor outlet pipe and the liquid refrigerant
distribution part, and allows refrigerant to pass through
an upper portion. The isolation member is provided such
that the longitudinal direction of the isolation member is
same as the longitudinal direction of the heat transfer
tubes.

[0010] It should be noted that, it suffices that the posi-
tion in which the vapor outlet pipe extends out from the
tank is a lateral or upper position of the tank other than
a top of the tank as viewed in the longitudinal direction
of the tank; for example, the vapor outlet pipe may be
provided such that the vapor outlet pipe extends out from
a position higher than the liquid refrigerant distribution
part. Then, for example, the lateral or upper position (ex-
cluding the top) in which the vapor outlet pipe extends
out as viewed in the longitudinal direction of the tank can
be in a range of = 10 through =100 degrees from the
vertically top relative to the center of gravity of the tank
as viewed in the longitudinal direction of the tank.
[0011] Itshould be noted that the longitudinal direction
of the isolation member does not need to be exactly same
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as the longitudinal direction of the heat transfer tubes;
for example, the longitudinal direction of the heat transfer
tubes may be different from the longitudinal direction of
the isolation member in a range of = 10 degrees to be
substantially same as the longitudinal direction of the iso-
lation member.

[0012] In this falling film evaporator, in a configuration
in which the vapor outlet pipe is connected to a location
other than the upper middle portion of the tank, liquid
refrigerant may be present close to the vapor outlet pipe.
However, even if liquid refrigerant is present close to the
vapor outlet pipe in this manner, the isolation member is
provided to prevent liquid refrigerant close to the vapor
outlet pipe from directly flowing toward the vapor outlet
pipe. More specifically, even if the liquid refrigerant at-
tempts to flow beyond the isolation member through the
upper portion of the isolation member, the liquid refrig-
erant is less prone to flowing upwardly and less prone to
reaching the vapor outlet pipe due to the own weight of
the liquid refrigerant. Even if the refrigerant should be
able to pass through an end portion of the isolation mem-
ber in the longitudinal direction of the heat transfer tube,
the liquid refrigerant is less prone to reaching the vapor
outlet pipe because the isolation member is provided
such that the longitudinal direction of the isolation mem-
ber is same as the longitudinal direction of the heat trans-
fer tubes, so that the isolation member is configured to
lengthen a movement distance through which the liquid
refrigerant needs to flow around a longitudinal end por-
tion ofthe isolation member to reach the vapor outlet pipe.
[0013] Accordingly, an outflow of liquid refrigerant from
the vapor outlet pipe is able to be prevented.

[0014] A falling film evaporator according to a second
aspect is the falling film evaporator according to the first
aspect, in which the isolation member extends to aninner
surface of the tank above the vapor outlet pipe as viewed
in the axial direction of the heat transfer tubes and has
an upper opening through an upper portion of the isola-
tion member in the thickness direction thereof, or the iso-
lation member extends, beyond an upper side of the va-
por outlet pipe as viewed in the direction in which the
vapor outlet pipe extends out from the tank, short of a
portion of the inner surface of the tank above the vapor
outlet pipe to form an upper gap.

[0015] It should be noted that, the number of the upper
gaps is not limited to one, and projections and depres-
sions may be formed in the upper end portion of the iso-
lation member to form a plurality of upper gaps between
the isolation member and the inner surface of the tank.
[0016] In this falling film evaporator, even in a config-
uration in which the vapor outlet pipe is connected to the
tank in a location other than the upper middle portion of
the tank, channels for the refrigerant from the liquid re-
frigerant distribution part to the vapor outlet pipe are eas-
ily balanced.

[0017] A falling film evaporator according to the third
aspect is the falling film evaporator according to the sec-
ond aspect, in which the upper openings or the upper
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gaps are separately provided such that the upper open-
ings or the upper gaps closer to the vapor outlet pipe
have larger passage resistances to refrigerant passing
through the upper openings or the upper gaps.

[0018] Inthisfalling film evaporator, by increasing pas-
sage resistances in the vicinity of the vapor outlet pipe,
the flow velocity of the refrigerant in the vicinity of the
vapor outlet pipe is able to be effectively reduced.
[0019] A falling film evaporator according to the fourth
aspect is the falling film evaporator according to the sec-
ond or third aspect, in which the upper opening or the
upper gap is provided in a position vertically higher than
the connection portion of the vapor outlet pipe and the
tank.

[0020] Inthis falling film evaporator, because the upper
opening or the upper gap is provided in a position higher
than the connection portion of the vapor outlet pipe and
the tank, the liquid refrigerant is readily prevented from
reaching the vapor outlet pipe against its own weight.
[0021] A falling film evaporator according to the fifth
aspect is the falling film evaporator according to any one
of the second through fourth aspects, in which an oil re-
turn opening is formed in the lower end of the isolation
member, or an oil return gap is formed between the lower
end of the isolation member and the inner surface of the
tank. The oil return opening and the oil return gap are
smaller than the upper opening and the upper gap.
[0022] In this falling film evaporator, because the oil
return opening or the oil return gap is provided, the ac-
cumulation of refrigerating machine oil in a lower portion
between the isolation member and the inner surface of
the tank is able to be avoided. Then, even in the case in
which such an oil return structure preventing the accu-
mulation of refrigerating machine oil is provided in alower
portion of the isolation member, because the oil return
opening and the oil return gap are smaller than the upper
opening and the upper gap, an outflow of the liquid re-
frigerant from the vapor outlet pipe can be prevented.
[0023] A falling film evaporator according to the sixth
aspect is the falling film evaporator according to any one
of the first through fifth aspects, in which a longitudinal
end portion of the isolation member is connected to an
inner wall of the tank.

[0024] In this falling film evaporator, the liquid refriger-
ant can be more effectively prevented from reaching the
vapor outlet pipe via the longitudinal end portion of the
isolation member.

<Advantageous Effects of Invention>

[0025] In the falling film evaporator according to the
first aspect, an outflow of the liquid refrigerant from the
vapor outlet pipe is able to be prevented.

[0026] In the falling film evaporator according to the
second aspect, even in the configuration in which the
vapor outlet pipe is connected to the tank in a location
other than the upper middle portion of the tank, channels
for the refrigerant from the liquid refrigerant distribution
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part to the vapor outlet pipe are readily balanced.
[0027] In the falling film evaporator according to the
third aspect, the flow velocity of the refrigerant in the vi-
cinity of the vapor outlet pipe is able to be effectively
reduced.

[0028] In the falling film evaporator according to the
fourth aspect, the liquid refrigerant is readily prevented
from reaching the vapor outlet pipe against its own
weight.

[0029] In the falling film evaporator according to the
fifth aspect, even in the case in which the oil return struc-
tureis provided in alower portion of the isolation member,
because the oil return opening and the oil return gap are
smaller than the upper opening and the upper gap, an
outflow of the liquid refrigerant from the vapor outlet pipe
can be prevented.

[0030] In the falling film evaporator according to the
sixth aspect, the liquid refrigerant can be more effectively
prevented from reaching the vapor outlet pipe via the
longitudinal end portion of the isolation member.

BRIEF DESCRIPTION OF DRAWINGS
[0031]

FIG. 1 is an external view of a falling film evaporator
according to an embodiment of the present inven-
tion.

FIG. 2is a schematic perspective view illustrating an
internal structure of the falling film evaporator.

FIG. 3 is a cross sectional view of the falling film
evaporator as viewed in the horizontal direction or-
thogonal to the longitudinal direction of a tank.

FIG. 4 is a cross sectional view of a portion of the
falling film evaporator at a vapor outlet pipe as
viewed in the longitudinal direction of the tank.

FIG. 5is a cross sectional view of a portion of afalling
film evaporator according to other embodiment A at
a vapor outlet pipe as viewed in the longitudinal di-
rection of a tank.

FIG. 6 is a schematic perspective view illustrating an
internal structure of a falling film evaporator accord-
ing to other embodiment B.

FIG. 7 is a cross sectional view illustrating a detailed
side shape of a falling film evaporator according to
other embodiment E taken along the line G-G of FIG.
4.

FIG. 8 is a cross sectional view illustrating a detailed
side shape of a falling film evaporator according to
other embodiment H taken along the line G-G of FIG.
4.

FIG. 9is a cross sectional view illustrating a detailed
side shape of a falling film evaporator according to
other embodiment | taken along the line G-G of FIG.
4.
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DESCRIPTION OF EMBODIMENTS

[0032] Hereinafter, an embodiment of a falling film
evaporator will be described with reference to the draw-
ings.

(1) Overall Structure

[0033] FIG. 1is an external view of a falling film evap-
orator 1 according to an embodiment of the present in-
vention. The falling film evaporator 1 is used as an evap-
orator of a relatively large capacity refrigeration appara-
tus such as a centrifugal chiller. More specifically, such
a refrigeration apparatus is provided with the falling film
evaporator 1 as well as a compressor, a radiator, an ex-
pansion mechanism and the like (not illustrated). A vapor
compression refrigerant circuit is configured with these
devices. Then, in such a vapor compression refrigerant
circuit, gas refrigerant discharged from the compressor
radiates heat in the radiator. This refrigerant, which has
radiated heat in the radiator, is decompressed in the ex-
pansion mechanism to be refrigerant in a gas-liquid two-
phase state. This refrigerant in a gas-liquid two-phase
state flows into the falling film evaporator 1, exchanges
heat with heat medium such as water and brine to evap-
orate into gas refrigerant, and flows out of the falling film
evaporator 1. This gas refrigerant, which has flowed out
of the falling film evaporator 1, again is sucked into the
compressor. On the other hand, the liquid refrigerant,
which has not been evaporated as a result of the ex-
change of heat with the heat medium such as water and
brine, merges with refrigerant in a gas-liquid two-phase
state flowing into the falling film evaporator 1 through a
liquid refrigerant return tube or the like (not illustrated),
and again flows into the falling film evaporator 1.

[0034] Here, atransversely placed shell and tube type
heat exchanger is employed as the falling film evaporator
1. As illustrated in FIGS. 1 through 4, the falling film evap-
orator 1 primarily has atank 10, a heat transfer tube group
20, a liquid refrigerant distribution apparatus 30, and an
isolation member 50. Here, FIG. 2 is a perspective view
illustrating an internal structure of the falling film evapo-
rator 1. FIG. 3 is a cross sectional view of the falling film
evaporator 1 as viewed in the horizontal direction orthog-
onal to the longitudinal direction of the tank 10 (here, the
isolation member 50 is not illustrated). FIG. 4 is a cross
sectional view of a portion of the falling film evaporator
1 in which the vapor outlet pipe 18 is located as viewed
in the longitudinal direction of the tank 10. It should be
noted that the terms used in the description below to ex-
press directions "upper”, "lower", "left", "right", "horizon-
tal", and the like refer to directions in a state in which the
falling film evaporator 1 is installed in use as illustrated
in FIG. 1.

(2) Tank 10

[0035] The tank 10 primarily has a shell 11 and heads
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12a, 12b. Here, the shell 11 is a transversely placed cy-
lindrical member having openings in both longitudinal
end portions. The heads 12a, 12b are bowl-shaped mem-
bers closing the openings in both of the longitudinal end
portions of the shell 11. Here, in FIGS. 1 through 3, a
head of the heads 12a, 12b disposed on the left side of
the shell 11 is referred to as a head 12a, and a head of
the heads 12a, 12b disposed on the right side of the shell
11 is referred to as a head 12b.

[0036] Moreover, a tube plate 13a is interposed be-
tween the head 12a and the shell 11. A tube plate 13b
is interposed between the head 12b and the shell 11.
The tube plates 13a, 13b are substantially disc-shaped
members. In the tube plates 13a, 13b, tube holes (not
illustrated) are formed to fix a plurality of heat transfer
tubes 21 constituting the heat transfer tube group 20 in
a state in which both longitudinal end portions of the heat
transfer tubes 21 have been inserted therethrough.
Thereby, a space in the tank 10 is horizontally divided
into a head space SH1 surrounded by the head 12a and
the tube plate 13a, a shell space SS surrounded by the
shell 11 and the tube plates 13a, 13b, and a head space
SH2 surrounded by the head 12b and the tube plate 13b.
[0037] Moreover, the head 12a is provided with a heat
medium inlet pipe 14 and a heat medium outlet pipe 15.
The heat medium inlet pipe 14 is a pipe member for al-
lowing the heat medium to flow into the head space SH1
in the tank 10. Here, the heat medium inlet pipe 14 is
provided in the lower portion of the head 12a. The heat
medium outlet pipe 15 is a pipe member for allowing the
heat medium to flow out of the head 12a of the tank 10.
Here, the heat medium outlet pipe 15 is provided in the
upper portion of the head 12a. Moreover, the head space
SH1 is vertically divided by a head space separate plate
16 into a lower head space SHi communicating with the
heat medium inlet pipe 14 and an upper head space SHo
communicating with the heat medium outlet pipe 15.
Thereby, the heat medium, which has flowed into the
lower head space SHi in the head 12a through the heat
medium inlet pipe 14, flows into a plurality of heat transfer
tubes 21 (here, heat transfer tubes 21 constituting the
lower portion of the heat transfer tube group 20) commu-
nicating with the lower head space SHi, and is sent to
the head space SH2. After the heat medium sent to this
head space SH2 has flowed and turned upwardly in the
head space SH2, the heat medium flows into a plurality
of heat transfer tubes (here, heat transfer tubes 21 con-
stituting the upper portion of the heat transfer tube group
20) communicating with the upper head space SHo, and
is sent to the upper head space SHo. The heat medium
sent to this upper head space SHo flows out of the upper
head space SHo through the heat medium outlet pipe 15
(i.e., the heat medium flows out of the falling film evap-
orator 1).

[0038] Moreover, the shell 11 is provided with a refrig-
erant inlet pipe 17, a vapor outlet pipe 18, and a liquid
outlet pipe 19. The refrigerantinlet pipe 17 is a pipe mem-
ber for allowing the refrigerant in a gas-liquid two-phase
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state to flow into the shell space SS in the tank 10. Here,
the refrigerant inlet pipe 17 is provided in the upper por-
tion of the shell 11 to the left of the shell 11 in the longi-
tudinal direction thereof. The refrigerant inlet pipe 17 has
a refrigerant flow inlet in the end thereof in the shell 11
allowing the refrigerant to flow into the tank 10. The vapor
outlet pipe 18 is a pipe member for allowing the gas re-
frigerant generated as a result of evaporating on the heat
transfer tube group 20 to flow out of the shell space SS
in the tank 10. In this embodiment, this vapor outlet pipe
18 is provided in an upper portion of the shell 11 which
is inclined at approximately 30 degrees from the upper
direction at the top of the shell 11 as viewed in the lon-
gitudinal direction of the shell 11. The vapor outlet pipe
18 is also provided to extend out from a substantially
longitudinal middle portion of the shell 11. It should be
noted that an axial inclination angle of the vapor outlet
pipe 18 at a connection portion of the vapor outlet pipe
18 and the shell 11 may be in a range of = 10 through
+ 100 degrees or = 30 through =+ 60 degrees. Moreover,
in this embodiment, the connection position of the vapor
outlet pipe 18 and the shell 11 is located above a second
stage refrigerant tray 35 of the liquid refrigerant distribu-
tion apparatus 30. The liquid outlet pipe 19 is a pipe mem-
ber for flowing the liquid refrigerant which has not evap-
orated on the heat transfer tube group 20 out of the shell
space SS in the tank 10. Here, the liquid outlet pipe 19
is provided in the lower portion of the shell 11 at the sub-
stantially longitudinal middle of the shell 11. Thereby, the
liquid refrigerant of the refrigerant in a gas-liquid two-
phase state supplied in the shell space SSin the tank 10
through the refrigerant inlet pipe 17 is distributed by the
liquid refrigerant distribution apparatus 30 from above
the heat transfer tube group 20. The liquid refrigerant
distributed on the heat transfer tube group 20 exchanges
heat with the heat medium flowing inside of the heat
transfer tubes 21 constituting the heat transfer tube group
20 to evaporate into gas refrigerant. The gas refrigerant
generated as a result of evaporating on the heat transfer
tube group 20 flows diagonally upwardly toward the vapor
outlet pipe 18, and flows out of the shell space SS in the
tank 10 through the vapor outlet pipe 18. The gas refrig-
erant which has flowed out of this shell space SS in the
tank 10 is again sucked into the compressor. On the other
hand, the liquid refrigerant which has not evaporated on
the heat transfer tube group 20 flows out of the shell
space SS in the tank 10 through the liquid outlet pipe 19
provided below the shell space SS in the tank 10. This
liquid refrigerant which has flowed out of the shell space
SS in the tank 10 merges with the refrigerant in a gas-
liquid two-phase state flowing into the shell space SS in
the tank 10 through the liquid refrigerant return tube and
the like. Then this liquid refrigerant again flows into the
shell space SSin the tank 10 through the refrigerant inlet
pipe 17.
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(3) Heat Transfer Tube Group 20

[0039] The heattransfer tube group 20 has the plurality
of heat transfer tubes 21 extending in the longitudinal
direction of the tank 10. The heat transfer tube group 20
is disposed in a portion substantially horizontally middle
and vertically lower in the shell space SS in the tank 10
as viewed in the longitudinal direction of the tank 10. The
heat transfer tubes 21 are disposed in multiple stages
and multiple columns as viewed in the longitudinal direc-
tion of the tank 10, here, in a staggered pattern of 11
columns X 9 stages. Both of the longitudinal end portions
of heat transfer tubes 21 extend to the tube plates 13a,
13b, and are fixed in the state in which the end portions
have been inserted through the tube holes (not illustrat-
ed) of the tube plates 13a, 13b. Then, both of the longi-
tudinal end portions of heat transfer tubes 21 constituting
a vertically upper portion of the heat transfer tube group
20 communicate with the lower portion of the head space
SH2 and the lower head space SHi. Both of the longitu-
dinal end portions of the heat transfer tubes 21 consti-
tuting a vertically lower portion of the heat transfer tube
group 20 communicate with the upper portion of the head
space SH2 and the upper head space SHo.

[0040] It should be noted that the number and the ar-
rangement of the heat transfer tubes 21 constituting the
heat transfer tube group 20 are not limited to the number
and the arrangement in the present embodiment, and
the number and/or the arrangement of the heat transfer
tubes 21 different from those in the present embodiment
may be employed. Moreover, in the case in which a tank
having a tube plate and a head in only one longitudinal
end portion of the shell is employed, a U-shaped heat
transfer tube may be employed.

(4) Liquid Refrigerant Distribution Apparatus 30

[0041] The liquid refrigerant distribution apparatus 30
is disposed vertically between the heat transfer tube
group 20 in the shell space SS in the tank 10 and the
vapor outlet pipe 18. The liquid refrigerant distribution
apparatus 30 primarily has a header pipe 31, arefrigerant
tray 33, and an upper cover 36.

[0042] The header pipe 31 is a pipe member for intro-
ducing the refrigerantin a gas-liquid two-phase state sup-
plied into the shell space SS in the tank 10 through the
refrigerant inlet pipe 17 into the refrigerant tray 33 (here,
a first stage refrigerant tray 34). The header pipe 31 is a
pipe member extending in the longitudinal direction of
the tank 10. One end portion of the header pipe 31 (here,
the left end portion) is connected to the refrigerant inlet
pipe 17. Here, the header pipe 31 has a substantially
cross-sectional shape as viewed in the longitudinal di-
rection of the tank 10. In an upper wall 31 a and the upper
portions of side walls 31b ofthe header pipe 31, excluding
the one end portion (here, the left end portion) connected
to the refrigerant inlet pipe 17 and both longitudinal end
walls of the header pipe 31, many header pipe refrigerant
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holes 31c are formed. The header pipe refrigerant holes
31 c allow the refrigerant in a gas-liquid two-phase state
flowing through the header pipe 31 to flow out toward the
first stage refrigerant tray 34.

[0043] Moreover, on the header pipe 31, excluding the
one end portion (here, the left end portion of the header
pipe 31) connected to the refrigerant inlet pipe 17, a gas-
liquid separation member 32 is provided. The gas-liquid
separation member 32 covers the upper wall 31a and
the outer peripheries of the upper portions of the side
walls 31 b of the header pipe 31 in a state in which the
gas-liquid separation member 32 is spaced from the out-
er periphery of the header pipe 31. The gas-liquid sepa-
ration member 32 has a substantially downward U-
shaped cross-sectional shape as viewed in the longitu-
dinal direction of the tank 10. Then, in the gas-liquid sep-
aration member 32, many header pipe vent holes 32a
are formed. The header pipe vent holes 32a are holes
for permitting the gas refrigerant of the refrigerant in a
gas-liquid two-phase state flowing inside the header pipe
31, which has been supplied in the shell space SS in the
tank 10 through the refrigerant inlet pipe 17, to pass and
for preventing the liquid refrigerant of the refrigerant in a
gas-liquid two-phase state flowing inside the header pipe
31, which has been supplied in the shell space SS in the
tank 10 through the refrigerantinlet pipe 17, from passing.
[0044] Therefrigeranttray 33 is atray-shaped member
for allowing the liquid refrigerant of the refrigerant in a
gas-liquid two-phase state, which has been supplied in
the shell space SS in the tank 10 through the refrigerant
inlet pipe 17 provided on and in the shell 11 of the tank
10, to downwardly fall onto the lower heat transfer tube
group 20 after accumulating the liquid refrigerant. The
refrigerant tray 33 primarily has the first stage refrigerant
tray 34 and the second stage refrigerant tray 35.

[0045] The first stage refrigerant tray 34 is a tray-
shaped member allowing the liquid refrigerant of the re-
frigerant in a gas-liquid two-phase state, which has been
supplied in the shell space SS in the tank 10 through the
refrigerant inlet pipe 17 provided on and in the shell 11
of the tank 10, to downwardly fall after accumulating the
liquid refrigerant. The first stage refrigerant tray 34 ex-
tends in the longitudinal direction of the tank 10. Here,
the first stage refrigerant tray 34 has a substantially up-
ward U-shaped cross-sectional shape as viewed in the
longitudinal direction of the tank 10. The header pipe 31
is disposed on a bottom wall 34a of the first stage refrig-
eranttray 34. Thereby, the refrigerant in a gas-liquid two-
phase state, which has been supplied in the shell space
SS in the tank 10 through the refrigerant inlet pipe 17, is
introduced into the first stage refrigerant tray 34 through
the header pipe refrigerant holes 31c of the header pipe
31 and the header pipe vent holes 32a of the gas-liquid
separation member 32. At this time, the refrigerant in a
gas-liquid two-phase state introduced in the first stage
refrigerant tray 34 from the header pipe 31 is separated
into gas and liquid by the gas-liquid separation member
32. Thatis, most of the liquid refrigerant of the refrigerant
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in a gas-liquid two-phase state does not pass through
the header pipe vent holes 32a of the gas-liquid separa-
tion member 32, is introduced into the first stage refrig-
erant tray 34, and is accumulated in the first stage refrig-
erant tray 34. The liquid refrigerant accumulated in the
first stage refrigerant tray 34 downwardly falls onto the
lower second stage refrigerant tray 35 through a plurality
of liquid refrigerant downwardly falling holes 34c formed
in the bottom wall 34a of the first stage refrigerant tray
34. On the other hand, the gas refrigerant of the refrig-
erantin a gas-liquid two-phase state passes through the
header pipe vent holes 32a of the gas-liquid separation
member 32, and is introduced into a directly above-first
stage refrigerant tray space SSd1 directly above the first
stagerefrigeranttray 34 (here, a space vertically between
the upper cover 36 and the first stage refrigerant tray 34).
The gas refrigerant introduced in the directly above-first
stage refrigerant tray space SSd1 flows toward the vapor
outlet pipe 18, flows out of the shell space SS in the tank
10 through the vapor outlet pipe 18 together with the gas
refrigerant generated as a result of evaporating on the
heat transfer tube group 20.

[0046] The second stage refrigerant tray 35 is a tray-
shaped member allowing the liquid refrigerant down-
wardly falling from the first stage refrigerant tray 34 to
downwardly fall onto the lower heat transfer tube group
20 after accumulating the liquid refrigerant. The second
stage refrigerant tray 35 extends in the longitudinal di-
rection of the tank 10. In the present embodiment, the
second stage refrigerant tray 35 is provided such that the
longitudinal direction of the second stage refrigerant tray
35 is the same as the longitudinal direction of the heat
transfer tubes 21. Here, the second stage refrigerant tray
35 has a substantially upward U-shaped cross-sectional
shape as viewed in the longitudinal direction of the tank
10. The second stage refrigerant tray 35 extends off the
first stage refrigerant tray 34 as the second stage refrig-
erant tray 35 is viewed from below (likely, as the second
stage refrigerant tray 35 is viewed in the longitudinal di-
rection of the tank 10). That is, as the second stage re-
frigerant tray 35 is viewed in the longitudinal direction of
the tank 10, side walls 35b of the second stage refrigerant
tray 35 are disposed outside side walls 34b of the first
stage refrigerant tray 34. Thereby, the liquid refrigerant
downwardly falling from the first stage refrigerant tray 34
is introduced into the second stage refrigerant tray 35,
and is accumulated in the second stage refrigerant tray
35. The liquid refrigerant accumulated in the second
stage refrigerant tray 35 downwardly falls onto the lower
heat transfer tube group 20 through a plurality of liquid
refrigerant downwardly falling holes 35¢ formed in a bot-
tom wall 35a of the second stage refrigerant tray 35. Here,
a space vertically between the first stage refrigerant tray
34 and the second stage refrigerant tray 35 is referred
to as a directly above-second stage refrigerant tray space
SSd2.

[0047] The upper cover 36 is a roof-shaped member
spaced above the refrigerant tray 33 (here, the first stage
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refrigerant tray 34) and covering the refrigerant tray 33
(here, the first stage refrigerant tray 34) thereabove and
diagonally thereabove. The upper cover 36 extends in
the longitudinal direction of the tank 10 excluding the end
portion (here, the left end portion of the header pipe 31)
in which the refrigerant inlet pipe 17 is connected to the
header pipe 31. Here, the upper cover 36 has a substan-
tially downward U-shaped cross-sectional shape as
viewed in the longitudinal direction of the tank 10. Here,
the upper cover 36 has an upper wall 36a having a hor-
izontal plate-shaped cross-sectional shape as viewed in
the longitudinal direction of the tank 10, side walls 36b
extending diagonally downwardly from the end portion
ofthe upper wall 36a, and wall end portions 36¢ extending
downwardly from the lower ends of the side walls 36b. It
should be noted that, the side walls 36b and the wall end
portions 36¢ of the upper cover 36a extend diagonally
downwardly toward locations lower than the lower edge
of the connection portion of the vapor outlet pipe 18 and
the shell 11 (a portion indicated by the point X in FIG. 5).
Moreover, the upper wall 36a of the upper cover 36 is
located further above the header pipe 31 located above
the second stage refrigerant tray 35.

[0048] Moreover, as the upper cover 36 is viewed in
the longitudinal direction of the tank 10, the upper cover
36 is provided with projection walls 36d downwardly pro-
jecting in positions outside the header pipe 31 and the
gas-liquid separation member 32 as well as inner side of
the side walls 34b of the first stage refrigerant tray 34.
The projection walls 36d extend in the longitudinal direc-
tion of the tank 10. Then, the upper cover 36 covers and
extends off the first stage refrigerant tray 34 as the upper
cover 36 is viewed from above (likewise, in the case in
which as the upper cover 36 is viewed in the longitudinal
direction of the tank 10). That is, as the upper cover 36
is viewed in the longitudinal direction of the tank 10, end
portions of the side walls 36b of the upper cover 36 are
disposed outside the side walls 34b of the first stage re-
frigerant tray 34. Lower ends of the wall end portions 36¢
are located above the second stage refrigerant tray 35.
Then, in the shell space SS in the tank 10, a distribution
apparatus space SSd is formed. The distribution appa-
ratus space SSd is a space vertically between the upper
cover 36 and the refrigerant tray 33 (here, the second
stage refrigerant tray 35).

[0049] The distribution apparatus space SSd has the
directly above-first stage refrigerant tray space SSd1 as
described above, the directly above-second stage refrig-
eranttray space SSd2 as described above, and firststage
refrigerant tray lateral spaces SSd3. Here, the first stage
refrigerant tray lateral spaces SSd3 are a space above
the second stage refrigerant tray 35 and outside the side
walls 34b of the first stage refrigerant tray 34 as the liquid
refrigerant distribution apparatus 30 is viewed in the lon-
gitudinal direction of the tank 10. Moreover, spaces in
the shell space SS in the tank 10 excluding the distribu-
tion apparatus space SSd constitute a vapor main flow
path space SSv through which the gas refrigerant gen-
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erated as aresult of evaporating on the heat transfer tube
group 20 flows toward the vapor outlet pipe 18. The vapor
main flow path space SSv communicates with the first
stage refrigerant tray lateral spaces SSd3 of the distri-
bution apparatus space SSd through gaps vertically be-
tween the end portions of the side walls 36b of the upper
cover 36 and upper ends of the side walls 35b of the
second stage refrigerant tray 35 as the liquid refrigerant
distribution apparatus 30 is viewed in the longitudinal di-
rection of the tank 10.

[0050] In this manner, here, as a basic configuration
ofthe liquid refrigerant distribution apparatus 30, the con-
figuration having the first stage refrigerant tray 34 and
the second stage refrigerant tray 35 is employed. Then,
such aliquid refrigerant distribution apparatus 30 and the
heattransfer tube group 20 having the heat transfer tubes
21 constitute the falling film evaporator 1 allowing the
liquid refrigerant to evaporate as a result of exchanging
heat between the heat medium flowing inside the heat
transfer tubes 21 and the liquid refrigerant downwardly
falling from the second stage refrigerant tray 35.

(5) Isolation Member 50

[0051] Asillustratedin FIG. 4, the isolation member 50
is provided in the tank 10 and in the vicinity of the portion
connected to the vapor outlet pipe 18.

[0052] This isolation member 50 is provided so as to
cover a place below the lowest portion (the point X in
FIG. 4) of the connection portion of the tank 10 and the
vapor outlet pipe 18 as viewed in the axial direction of
the heat transfer tubes 21, to extend between the vapor
outlet pipe 18 and the liquid refrigerant distribution ap-
paratus 30, and to allow the refrigerant to pass through
the upper portion thereof. As illustrated in FIG. 2, this
isolation member 50 extends in the longitudinal direction
of the heat transfer tubes 21, so that the longitudinal di-
rection of the isolation member 50 is substantially same
as the longitudinal direction of the heat transfer tubes 21.
In the present embodiment, both of longitudinal ends of
the isolation member 50 extend short of the tube plates
13a, 13b, so that the both ends are not welded or the like
to the tube plates 13a, 13b or an inner wall of the tank
10, and are open toward the longitudinal direction of the
heat transfer tubes 21.

[0053] Inthe present embodiment, the isolation mem-
ber 50 extends, from a position below the lowest portion
(the point X) of the connection portion of the tank 10 and
the vapor outlet pipe 18, beyond the upper side of the
vapor outlet pipe 18 as viewed in the direction in which
the vapor outlet pipe 18 extends out from the tank 10,
but the isolation member 50 does not extend to reach an
inner surface of the tank 10. It should be noted that, the
isolation member 50 extends above the highest portion
(the point Y in FIG. 4) of the connection portion of the
tank 10 and the vapor outlet pipe 18 in the case in which
the falling film evaporator 1 is horizontally viewed.
[0054] An upper gap 51 is formed between the upper
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end of the isolation member 50 and the inner surface of
thetank 10 nearestthe upper end of the isolation member
50. It should be noted that, in the present embodiment,
the upper end of the isolation member 50 is rectilinearly
formed along the longitudinal direction of the heat trans-
fer tubes 21.

[0055] Thisuppergap 51 is provided above the highest
portion (the point Y in FIG. 4) of the connection portion
of the tank 10 and the vapor outlet pipe 18 to be disposed
in a position higher than the connection portion of the
tank 10 and the vapor outlet pipe 18 in the case in which
the falling film evaporator 1 is horizontally viewed.
[0056] It should be noted that the isolation member 50
is welded to a portion of the inner wall of the tank 10 lower
than the lowest portion (the point X) of the connection
portion of the tank 10 and the vapor outlet pipe 18 to be
fixed thereto.

[0057] The isolation member 50 extends from this fix-
ation portion, that is, the portion lower than the lowest
portion (the point X) of the connection portion of the tank
10 and the vapor outlet pipe 18, slightly far toward the
vicinity of the middle of the tank 10, and horizontally to-
ward the inside of the tank 10 as well as vertically toward
the upper portion ofthe tank 10. Then, a portion extending
vertically upwardly is provided in the vicinity of the upper
end of the isolation member 50.

[0058] Moreover, in the vicinity of the lower end of the
isolation member 50, an oil return opening 52 which is a
fine opening vertically therethrough is provided. This oil
return opening 52 has a maximum passage area config-
ured to be smaller than the maximum passage area of
the above described upper gap 51.

[0059] Itshould be noted that, for a portion distant from
the vapor outlet pipe 18, the refrigerant flows around the
upper cover 36 and further toward the vapor outlet pipe
18 side, and for a portion close to the vapor outlet pipe
18 the refrigerant flows around the upper cover 36 and
then further flows so as to pass a narrow gap between
the upper cover 36 and the isolation member 50. Here,
the isolation member 50 is disposed to adjust the size of
the passage area in the narrow gap between the upper
cover 36 and the isolation member 50 such that the flow
velocity of the refrigerant flowing through the portion dis-
tant from the vapor outlet pipe 18 is approximately same
as the flow velocity of the refrigerant flowing through the
portion close to the vapor outlet pipe 18.

(6) Features of Present Embodiment
(6-1)

[0060] Commonly, because, in the vicinity of a vapor
outlet pipe connected to a tank, refrigerant attempting to
flow out of the inside of the tank collectively flows, the
flow velocity of such refrigerant tends to be faster than
the flow of the refrigerant passing through different por-
tions. Therefore, the gas refrigerant having a fast flow
velocity may carry the liquid refrigerant to readily cause
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the carryover in which the liquid refrigerant flows out of
the tank. In the case in which the connection position of
the vapor outlet pipe 18 and the tank 10 is provided in a
portion close to a position through which the liquid refrig-
erant passes, the carryover more readily occurs.

[0061] For this, in the falling film evaporator 1 of the
presentembodiment, the vapor outlet pipe 18 is connect-
ed not to the top of the tank 10 but to an inclined position,
so that the vapor outlet pipe 18 is connected to a portion
close to a position through which the liquid refrigerant
from the header pipe 31 and/or the liquid refrigerant dis-
tribution apparatus 30 passes. Even in such a connection
state, the isolation member 50 is provided between the
vapor outlet pipe 18 and the liquid refrigerant distribution
apparatus 30.

[0062] Thereby, through the portion distant from the
vapor outlet pipe 18, the refrigerant which have flowed
out of the header pipe 31 flows around the upper cover
36 and further toward the vapor outlet pipe 18 side, and
through the portion close to the vapor outlet pipe 18, the
refrigerant flows around the upper cover 36, then further
passes the narrow gap between the upper cover 36 and
the isolation member 50, and flows toward the vapor out-
let pipe 18 side (here, because the open portions in both
of the longitudinal end portions of the isolation member
50 are located away from the vapor outlet pipe 18, the
refrigerant hardly flows through the open portions).
[0063] Therefore, even in the case in which liquid re-
frigerant is mixed in the refrigerant which has flowed out
of the header pipe 31, the liquid refrigerant is less prone
to passing through the upper gap 51 because channels
to the vapor outlet pipe 18 are sufficiently long, and the
upper gap 51 through which the refrigerant passes is
provided upward in the tank 10, so that the liquid refrig-
erant having a specific gravity greater than the gas re-
frigerant needs to upwardly rises and flows against its
own weight.

[0064] Therefore, even in the case in which the vapor
outlet pipe 18 is provided in a location other than the
upper middle portion of the tank 10, the isolation member
50 can reduce an outflow of the liquid refrigerant.
[0065] Moreover, because the isolation member 50 is
disposed to adjust the size of the passage area in the
narrow gap between the upper cover 36 and the isolation
member 50 such that the flow velocity of the refrigerant
flowing through the portion distant from the vapor outlet
pipe 18 is approximately same as the flow velocity of the
refrigerant flowing through the portion close to the vapor
outlet pipe 18, the difference between the flow velocities
of the refrigerant in the portion distant from the vapor
outlet pipe 18 and the portion close to the vapor outlet
pipe 18 can be reduced.

[0066] It should be noted that, in the case in which the
vapor outlet pipe 18 is not connected to the top of the
tank 10, because a space in the top of the tank 10 can
be kept free, a different member is able to be disposed
therein. Moreover, a different member is able to be in-
stalled on the tank 10.
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[0067] Moreover, even in the case in which the vapor
outlet pipe 18 is not connected to the top of the tank 10
but is provided in a location other than the upper middle
portion of the tank 10, because

the isolation member 50 is provided, thereby enabling
the refrigerant of the refrigerant passing through the
header pipe 31 and the liquid refrigerant distribution ap-
paratus 30 on the side close to the vapor outlet pipe 18
to flow long away around the isolation member 50. Ac-
cordingly, it becomes possible to balance the distribution
of the refrigerant flowing through the portion close to the
vapor outlet pipe 18 and the refrigerant flowing through
the portion distant from the vapor outlet pipe 18.

(6-2)

[0068] In the falling film evaporator 1 of the present
embodiment, the upper gap 51, which is formed between
the upper end of the isolation member 50 and the inner
wall of the tank 10, is provided above the highest portion
(the point Y in FIG. 4) of the connection portion of the
tank 10 and the vapor outlet pipe 18 in the case in which
the falling film evaporator 1 is horizontally viewed. There-
fore, the liquid refrigerant having a specific gravity greater
than the gas refrigerant is able to be less prone to reach-
ing the upper gap 51.

(6-3)

[0069] In the falling film evaporator 1 of the present
embodiment, because the oil return opening 52 is formed
in the vicinity of the lower end of the isolation member
50, the accumulation of refrigerating machine oil between
the isolation member 50 and the inner wall of the tank 10
is able to be prevented.

[0070] Furthermore, while the oil return opening 52
provided in this manner prevents the accumulation of the
refrigerating machine oil, the oil return opening 52 having
a size configured to be sufficiently smaller than the upper
gap 51 prevents the liquid refrigerant from passing
through the oil return opening 52 and reaching the vapor
outlet pipe 18.

(6-4)

[0071] In the falling film evaporator 1 of the present
embodiment, the isolation member 50 is formed so as to
extend such that the longitudinal direction of the isolation
member 50 is same as the longitudinal direction of the
heat transfer tubes 21.

[0072] Therefore, even if the more liquid refrigerant at-
tempts to flow around the longitudinal end portions of the
isolation member 50 (to pass outside the longitudinal end
portions of the isolation member 50) toward the vapor
outlet pipe 18, because a sufficient long distance through
which the refrigerant passes is allocated, the liquid re-
frigerant can be prevented from reaching the vapor outlet
pipe 18.
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(7) Other Embodiments

[0073] In the above described embodiment, one ex-
ample of embodiments of the present invention is de-
scribed. However, the above described embodiment is
not intended to limit the present invention and not limited
to the above described embodiment. Various appropriate
modifications would reasonably fall within the scope of
the present invention without departing from the gist
thereof.

(7-1) Other Embodiment A

[0074] Inthe above described embodiment, the upper
gap 51 formed between the upper end of the isolation
member 50 and the inner surface of the tank 10 is de-
scribed as an example.

[0075] For this, for example, as illustrated in FIG. 5,
the upper end of an isolation member 250 may extend
to reach the inner wall of the tank 10 and have an upper
opening 251 through in the thickness direction of isolation
member 250 formed at an upper portion slightly below
the upper end of the isolation member 250.

[0076] Even in this case, an effect similar to that of the
upper gap 51 of the above described embodiment can
be achieved.

(7-2) Other Embodiment B

[0077] Inthe above described embodiment, both of the
longitudinal ends of the isolation member 50, which are
not welded or the like and are open, are described as an
example.

[0078] For example, as illustrated in FIG. 6, both lon-
gitudinal ends 350P, 350Q of an isolation member 350
may extend to reach the tube plates 13a, 13b and be
welded and the like to be connected to the tube plates
13a, 13b. Moreover, both of the longitudinal ends 350P,
350Q may be bent and the like toward the inner wall of
the tank 10 side, and be welded and the like to be con-
nected to the inner wall of the tank 10. Thus, the longi-
tudinal end portions of the isolation member may be con-
figured to be closed.

[0079] In the case in which the longitudinal end por-
tions of the isolation member are closed in this manner,
the liquid refrigerant can more effectively be prevented
from more flowing toward the vapor outlet pipe 18 via the
longitudinal end portions of the isolation member (pass-
ing outside the longitudinal end portions of the isolation
member) and reaching the vapor outlet pipe 18.

(7-3) Other Embodiment C

[0080] In the above described embodiment, the heat
transfer tube group 20, which is housed in the tank 10,
disposed such that the longitudinal direction of the heat
transfer tube group 20 is same as the longitudinal direc-
tion of the tank 10 is described as an example.
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[0081] For this, the heat transfer tube group 20 housed
in the tank 10 may be disposed such that the longitudinal
direction of the heat transfer tube group 20 is different
from the longitudinal direction of the tank 10 to some
extent; for example, the heat transfer tube group 20 may
be disposed in the tank 10 such that the angle between
the longitudinal direction of the heat transfer tube group
20 and the longitudinal direction of the tank 10 falls within
+ 20 degrees.

(7-4) Other Embodiment D

[0082] In the above described embodiment, the oil re-
turn opening 52 vertically through the isolation member
50 provided in the vicinity of the lower end of the isolation
member 50 is described as an example.

[0083] For this, for example, instead of the oil return
opening 52, an oil return gap may be formed between
the lower end portion of the isolation member 50 and the
inner wall of the tank 10. Even in this case, the oil return
gap has a maximum passage area preferably configured
to be smaller than the maximum passage area of the
upper gap 51.

[0084] Even with this configuration, the accumulation
of the refrigerating machine oil is able to be prevented
between the isolation member 50 and the inner wall of
the tank 10.

(7-5) Other Embodiment E

[0085] In the above described embodiment, the upper
end of the isolation member 50 rectilinearly extending in
the longitudinal direction of the heat transfer tubes 21,
and one gap formed between the upper end of the iso-
lation member 50 and the inner wall of the tank 10 are
described as examples.

[0086] For this, for example, as illustrated in FIG. 7
illustrating a side cross sectional view taken along the
line G-G of FIG. 4, upper gaps 451 may be separately
constituted between the upper end of an isolation mem-
ber 450 and the inner wall of the shell 11 of the tank 10.
For example, in the longitudinal direction of the heat
transfer tubes 21, the upper end of an isolation member
450 may be configured to have portions extending to and
contact the inner wall of the shell 11 and portions extend-
ing but not contacting the inner wall of the shell 11.

(7-6) Other Embodiment F

[0087] In the above described embodiment, the con-
nection position of the vapor outlet pipe 18 and the shell
11 located above the second stage refrigerant tray 35 of
the liquid refrigerant distribution apparatus 30 is de-
scribed as an example.

[0088] For this, the connection position of the vapor
outlet pipe 18 and the shell 11 may be located at a height
position equivalent to that of the second stage refrigerant
tray 35 of the liquid refrigerant distribution apparatus 30.
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(7-7) Other Embodiment G

[0089] In the above described embodiment, the isola-
tion member 50, which is provided such that the longitu-
dinal direction thereof is same as the longitudinal direc-
tion of the heat transfer tubes 21 and so as to extend
short of the tube plates 13a, 13b, is described as an ex-
ample.

[0090] Here, the isolation member 50 in the longitudi-
nal direction of the heat transfer tubes 21 has a length
S, preferably, equal to or longer than twice as long as,
and more preferably equal to or longer than three times
as long as a distance T between end portions of the iso-
lation member 50 in planes orthogonal to the longitudinal
direction of the heat transfer tubes 21.

[0091] Moreover, in the case of the structure in which
both of the longitudinal ends of the isolation member 50
are open, preferably, the length S of the isolation member
50 in the longitudinal direction of the heat transfer tubes
21 is configured and arranged such that more refrigerant
primarily passes through the upper gap 51 than the open
portions of the both ends.

(7-8) Other Embodiment H

[0092] In the above described embodiment, the upper
end of the isolation member 50 rectilinearly extending in
the longitudinal direction of the heat transfer tubes 21,
and one gap formed between the upper end of the iso-
lation member 50 and the inner wall of the tank 10 are
described as examples.

[0093] For this, for example, as illustrated in FIG. 8
illustrating a side cross sectional view taken along the
line G-G of FIG. 4, an isolation member 550 may have
an upper end extending to reach the inner wall of the
shell 11 of the tank 10, and a plurality of upper openings
551 through the isolation member 550 in the thickness
direction thereof may be formed in the upper portion of
the isolation member 550 such that they are arranged
along the longitudinal direction of the heat transfer tubes
21 (,whichis also the longitudinal direction of the isolation
member 550). Then, as illustrated in FIG. 8, these upper
openings 551 may be constituted such that the upper
openings 551 closer to the vapor outlet pipe 18 have
larger passage resistances to the refrigerant passing
through the upper openings 551. More specifically, por-
tions 551a separating the upper openings 551 (each por-
tion 551a has a given size) may be provided such that
intervals between portions 551a closer to the vapor outlet
pipe 18 are closer than intervals between the portions
551a more distant from the vapor outlet pipe 18. More-
over, the upper openings 551 may be provided such that
the upper openings 551 closer to the vapor outlet pipe
18 have passage areas smaller than passage areas of
the upper openings 551 more distant from the vapor out-
let pipe 18. Furthermore, the portions 551a separating
the upper openings 551 may be provided such that the
sizes (distances between adjacent upper openings 551)
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of portions 551a closer to the vapor outlet pipe 18 are
larger (longer) than the sizes of portions 551a more dis-
tant from the vapor outlet pipe 18.

[0094] Thereby, the flow velocity of the refrigerant flow-
ing in the vicinity of the vapor outlet pipe 18 is able to be
sufficiently reduced.

(7-9) Other Embodiment |

[0095] Moreover, the configuration of other embodi-
ment H, in which upper openings 551 closer to the vapor
outlet pipe 18 have larger passage resistances to the
refrigerant passing through the upper openings 551, is
not limited to the isolation member 550 having the upper
end extending to reach the inner wall of the shell 11 and
the upper openings 551 formed in the isolation member
550.

[0096] For example, as illustrated in FIG. 9, in an iso-
lation member 650 having an upper end extending short
of the inner wall of the shell 11 without reaching the inner
wall of the shell 11, a plurality of upper gaps 651 is formed
between the upper end of the isolation member 650 and
the shell 11; the upper gaps 651 may be constituted such
that upper gaps 651 closer to the vapor outlet pipe 18
have larger passage resistances to the refrigerant pass-
ing through the upper gaps 651. More specifically, por-
tions 651 a separating the upper gaps 651 (each portion
651 a has a given size) may be provided such that inter-
vals between portions 651a closer to the vapor outlet
pipe 18 are narrower than intervals between portions
651a more distant from the vapor outlet pipe 18. More-
over, the upper gaps 651 may be provided such that the
upper gaps 651 closer to the vapor outlet pipe 18 have
passage areas smaller than passage areas of the upper
gaps 651 more distant from the vapor outlet pipe 18. Fur-
thermore, the portions 651 a separating the upper gaps
651 may be provided such that the sizes (distances be-
tween adjacent upper gaps 651) of portions 651a closer
to the vapor outlet pipe 18 are larger (longer) than the
sizes of portions 651a more distant from the vapor outlet
pipe 18.

[0097] Even in this case, the flow velocity of the refrig-
erant flowing in the vicinity of the vapor outlet pipe 18 is
able to be sufficiently reduced.

INDUSTRIAL APPLICABILITY

[0098] The present invention is widely applicable to a
falling film evaporator in which a liquid refrigerant distri-
bution apparatus is provided vertically between a heat
transfer tube group in a tank and a vapor outlet pipe on
the upper portion of the tank; the liquid refrigerant distri-
bution apparatus allows liquid refrigerant of refrigerant in
a gas-liquid two-phase state supplied in the tank through
a refrigerant inlet pipe to fall downwardly onto the heat
transfer tube group; the heat transfer tube group allows
the liquid refrigerant to evaporate.
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REFERENCE SIGNS LIST

[0099]
1 Falling Film Evaporator
10 Tank

17 Refrigerant Inlet Pipe

18 Vapor Outlet Pipe

20 Heat Transfer Tube Group

21 Heat Transfer Tube

30 Liquid Refrigerant Distribution Apparatus (Liquid
Refrigerant Distribution Part)

31 Header Pipe

33 Refrigerant Tray

34 First Stage Refrigerant Tray

34a  Bottom Wall

34b  Side Wall
35 Second Stage Refrigerant Tray
35b  Side Wall

36 Upper Cover

36a  Upper Wall

36b  Side Wall

36c  Wall End Portion
36d  Projection Wall
50 Isolation Member
51 Upper Gap

52 Oil Return Opening
251 Upper Opening
350 Isolation Member
450 Isolation Member
451 Upper Gap

550 Isolation Member
551 Upper Opening
650 Isolation Member
651 Upper Gap

CITATION LIST
PATENT LITERATURE

[0100] PATENTLITERATURE 1:JP-ANo.H 8-189726

Claims

1. A falling film evaporator (1) used for a refrigeration
apparatus, the falling film evaporator comprising:

a heat transfer tube group (20) having a plurality
of heat transfer tubes (21), the heat transfer
tubes (21) flowing heat medium therein and lon-
gitudinally extending;

a tank (10) having the heat transfer tube group
(20) disposed therein and provided with a refrig-
erant flow inlet;

a liquid refrigerant distribution part (30) allowing
liquid refrigerant of refrigerant in a gas-liquid
two-phase state supplied in the tank (10)
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through the refrigerant flow inlet to downwardly
fall onto the heat transfer tube group (20);

a vapor outlet pipe (18) extending out from a
lateral or upper position of the tank other than a
top of the tank as viewed in a longitudinal direc-
tion of the tank; and

an isolation member (50, 250, 350, 450, 550,
650) covering a place below a lowest portion (X)
of a connection portion of the tank (10) and the
vapor outlet pipe (18) as viewed in an axial di-
rection of the heat transfer tubes, extending be-
tween the vapor outlet pipe (18) and the liquid
refrigerantdistribution part (30), and allowing re-
frigerant to pass through an upper portion (51,
251, 451, 551, 651),

the isolation member provided such that a lon-
gitudinal direction of the isolation member being
same as a longitudinal direction of the heat
transfer tubes.

2. The falling film evaporator according to claim 1,

wherein

the isolation member (50, 350) extends to an
inner surface of the tank (10) above the vapor
outlet pipe as viewed in the axial direction of the
heat transfer tubes and has an upper opening
(251) through an upper portion of the isolation
member (50) in a thickness direction thereof; or
the isolation member (50, 350) extends, beyond
an upper side of the vapor outlet pipe as viewed
in a direction in which the vapor outlet pipe ex-
tends out from the tank, short of a portion of an
inner surface of the tank above the vapor outlet
pipe to form an upper gap (51, 451).

The falling film evaporator according to claim 2,
wherein the plurality of upper openings (551) or the
plurality of upper gaps (651) are separately provided
suchthatthe upper openings (551) or the upper gaps
(651) closer to the vapor outlet pipe (18) have larger
passage resistances to refrigerant passing through
the upper openings (551) or the upper gaps (651).

The falling film evaporator according to claim 2 or 3,
wherein the upper opening or the upper gap is pro-
vided in a position higher than the connection portion
of the vapor outlet pipe and the tank.

The falling film evaporator according to any one of
claims 2 through 4, wherein an oil return opening
(52)is formed in a lower end of the isolation member,
or an oil return gap is formed between an lower end
of the isolation member and the inner surface of the
tank; and the oil return opening and the oil return gap
are smaller than the upper opening and the upper

gap.
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The falling film evaporator according to any one of
claims 1 through 5, wherein a longitudinal end por-
tion of the isolation member (350) is connected to
an inner wall of the tank.
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