EP 4 400 783 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(11) EP 4 400 783 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
17.07.2024 Bulletin 2024/29

(21) Application number: 22866470.2

(22) Date of filing: 29.08.2022

(51)

(52)

(86)

(87)

International Patent Classification (IPC):
F25B 39/02 (2006.01) F25B 41/40 (2021:0)

Cooperative Patent Classification (CPC):
F25B 39/02; F25B 41/40

International application number:
PCT/CN2022/115500

International publication number:
WO 2023/036004 (16.03.2023 Gazette 2023/11)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR 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: 08.09.2021 CN 202111048668

(71) Applicants:
* York (Wuxi)
Air Conditioning And Refrigeration Co., Ltd.
Wouxi Jiangsu 214028 (CN)

(72)

(74)

Tyco Fire & Security GmbH
8212 Neuhausen am Rheinfall (CH)

Inventor: SU, Xiuping
Wouxi, Jiangsu 214028 (CN)

Representative: Meissner Bolte Partnerschaft
mbB

Patentanwilte Rechtsanwilte

Postfach 10 26 05

86016 Augsburg (DE)

(54)

(57) The present application provides an evaporator,
comprising: a housing; and a falling film tube bundle dis-
posed in an accommodating cavity and arranged in col-
umns, the falling film tube bundle comprising a plurality
of heatexchange tubes, the centers of the heatexchange
tubes in each column being arranged along a height di-
rection, and the centers of two adjacent heat exchange
tubes in adjacent columns being staggered in a width
direction of the accommodating cavity; wherein the falling
film tube bundle is configured in a way that among four
adjacent heat exchange tubes in two adjacent columns,
a minimum distance between outer surfaces of at least
two heat exchange tubes in different columns is greater
than a minimum distance between outer surfaces of two
heat exchange tubes in the same column. In the present
application, a flow rate of gas flowing among the corre-
sponding heat exchange tubes is reduced by increasing
the flow space of a refrigerant in the width direction W,
so that a ratio of the gas phase Reynolds number Re, to
the liquid film Reynolds number Reg, is reduced, and
thus the heat exchange efficiency of the evaporator is
improved.

EVAPORATOR AND REFRIGERATION SYSTEM COMPRISING SAME
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Description
Technical Field

[0001] The present application relates to an evapora-
tor, and in particular, to an evaporator with a high heat
exchange efficiency and a refrigeration system compris-
ing the same.

Background Art

[0002] A traditional refrigeration system has an evap-
orator, a condenser, a throttling device, and a compres-
sor. When passing through the evaporator, a low-tem-
perature refrigerant liquid exchanges heat with an exter-
nal working fluid and absorbs heat of the working fluid to
reduce the temperature of the working fluid, thereby
achieving cooling effect, wherein the working fluid may
be air or cooling water. After the heat exchange, the re-
frigerantliquid is vaporized into gas refrigerantand enters
the compressor. The heat transfer efficiency of the evap-
orator is affected by various factors.

Summary of the Invention

[0003] At least one objective of a first aspect of the
present application is to provide an evaporator with a
high heat exchange efficiency. The evaporator compris-
es: a housing, wherein the housing has an accommodat-
ing cavity, the accommodating cavity has a length direc-
tion, a width direction, and a height direction; and a falling
film tube bundle, wherein the falling film tube bundle is
disposed in the accommodating cavity and arranged in
columns, the falling film tube bundle comprises a plurality
of heat exchange tubes, each heat exchange tube ex-
tends along the length direction of the accommodating
cavity, the centers of the heat exchange tubes in each
column are arranged in the height direction, and the cent-
ers of two adjacent heat exchange tubes in adjacent col-
umns are staggered in the width direction of the accom-
modating cavity; wherein the falling film tube bundle is
configured in a way that among four adjacent heat ex-
change tubes in two adjacent columns, a minimum dis-
tance between outer surfaces of at least two heat ex-
change tubes in different columns is greater than a min-
imum distance between outer surfaces of two heat ex-
change tubes in the same column.

[0004] According to the first aspect, among the four
adjacent heat exchange tubes in two adjacent columns,
the distance between outer surfaces of at least two heat
exchange tubes in different columns is set such as to
reduce aflow rate of gas flowing through the two adjacent
columns of heat exchange tubes, thereby improving heat
exchange efficiency of the evaporator.

[0005] According to the first aspect, each heat ex-
change tube in the falling film tube bundle has the same
tube diameter, and a ratio of a distance of the centers,
in the width direction of the accommodating cavity, of two
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adjacent heat exchange tubes in adjacent columns to a
distance of the centers, in the height direction of the ac-
commodating cavity, of two adjacent heat exchange
tubes in the heat exchange tubes in each column meets

€0s30° < * 1.5%C0s30°
a relationship: .
[0006] According to the first aspect, the falling film tube
bundle comprises a plurality of first heat exchange tubes
with a larger tube diameter and a plurality of second heat
exchange tubes with a smaller tube diameter; and the
first heat exchange tubes and the second heat exchange
tubes are staggered in the columns of the falling film tube
bundle.
[0007] According to the first aspect, the falling film tube
bundle comprises a plurality of first heat exchange tubes
with a larger tube diameter and a plurality of second heat
exchange tubes with a smaller tube diameter, wherein
the plurality of first heat exchange tubes is arranged in
columns, and the plurality of second heat exchange tubes
is arranged in columns; and the columns of the first heat
exchange tubes and the columns of the second heat ex-
change tubes are staggered.
[0008] According to the first aspect, a distance of the
centers, in the width direction of the accommodating cav-
ity, of the first heat exchange tubes and the second heat
exchange tubes that are adjacent to each other in two
adjacent columns of heat exchange tubes is not less than
the larger tube diameter of the first heat exchange tube.
[0009] According to the first aspect, the larger tube di-
ameter of the first heat exchange tube is 25.4 mm; and
the smaller tube diameter of the second heat exchange
tube is 19.05 mm.
[0010] According to the first aspect, the evaporator fur-
ther comprises: a first baffle plate and a second baffle
plate, wherein the first baffle plate and the second baffle
plate are disposed on the outer side of the falling film
tube bundle in the width direction of the accommodating
cavity, respectively; wherein a plurality of windows is dis-
posed on the first baffle plate and the second baffle plate,
respectively, wherein the plurality of windows is arranged
in the length direction of the accommodating cavity, and
the plurality of windows is disposed on the outer side of
the middle portion of the falling film tube bundle in the
height direction of the accommodating cavity.
[0011] According to the first aspect, a liquid baffle plate
extending along the length direction of the accommodat-
ing cavity is disposed on each outer side of the windows
on the first baffle plate and the second baffle plate, where-
in the top of the liquid baffle plate is connected to the
corresponding first baffle plate and second baffle plate,
and the liquid baffle plate and the window are spaced at
a certain distance.
[0012] Atleastone objective of a second aspect of the
present application is to provide a refrigeration system,
comprising: a compressor, a condenser, a throttling de-
vice, and an evaporator that are disposed in a refrigerant
loop, wherein the evaporator is as described in any one
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item of the first aspect.
Brief Description of the Drawings
[0013]

FIG. 1is a schematic block diagram of a refrigeration
system;

FIG. 2is a perspective view of the evaporatorin FIG.
1;

FIG. 3A is a radial cross-sectional view of an em-
bodiment of the evaporator in FIG. 2;

FIG. 3B is a partial enlarged view of four adjacent
heat exchange tubes in a falling film tube bundle in
FIG. 3A;

FIG. 3C is a comparison chart of theoretical values
of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle of the
evaporator of the embodiment shown in FIG. 3A and
an ideal-status falling film tube bundle;

FIG. 4A is a radial cross-sectional view of another
embodiment of the evaporator in FIG. 2;

FIG. 4B is a partial enlarged view of four adjacent
heat exchange tubes in a falling film tube bundle in
FIG. 4A;

FIG. 4C is a comparison chart of theoretical values
of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle of the
evaporator of the embodiment shown in FIG. 4A and
an ideal-status falling film tube bundle;

FIG.5Ais aradial cross-sectional view of stillanother
embodiment of the evaporator in FIG. 2;

FIG. 5B is a partial enlarged view of four adjacent
heat exchange tubes in a falling film tube bundle in
FIG. 5A;

FIG. 5C is a comparison chart of theoretical values
of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle of the
evaporator of the embodiment shown in FIG. 5A and
an ideal-status falling film tube bundle;

FIG.6Ais aradial cross-sectional view of stillanother
embodiment of the evaporator in FIG. 2;

FIG. 6B is a schematic structural diagram of a first
baffle plate in FIG. 6A; and

FIG. 6C is a comparison chart of theoretical values
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of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle of the
evaporator of the embodiment shown in FIG. 6A and
an ideal-status falling film tube bundle.

Detailed Description of Embodiments

[0014] Various specific embodiments of the present
application will be described below with reference to the
accompanying drawings, which constitute a part of the
specification. It should be understood that although

terms, such as "front(ﬁﬁ)", "rear", "upper”, "lower", "left",

"right", "inner", "outer", "top", "bottom", "front ( E)",
"back", "proximal", "distal", "horizontal direction", "longi-
tudinal direction", that represent directions are used in
the present application to describe various example
structural parts and elements of the present application,
these terms used herein are determined based on ex-
ample orientations shown in the accompanying drawings
for ease of illustration only. Since the embodiments dis-
closed in the present application may be disposed in dif-
ferent directions, these terms that represent directions
are for illustration only and should not be regarded as
limiting.

[0015] Ordinal numbers such as "first" and "second"
used in the present application are only used for distinc-
tion and identification and do nothave any other meaning.
Unless otherwise specified, they do notindicate a specific
order or have a specific association. For example, the
term "first component" does not indicate the existence of
a "second component”, and the term "second compo-
nent" also does not indicate the existence of a "first com-
ponent".

[0016] FIG. 1 is a schematic block diagram of a refrig-
eration system 190. As shown in FIG. 1, the refrigeration
system 190 comprises a compressor 193, a condenser
191, a throttling device 192, and an evaporator 100,
which are connected by pipes to form a refrigerant circu-
lation loop, and the loop is filled with a refrigerant. As
shown by the arrow direction in FIG. 1, the refrigerant
sequentially flows through the compressor 193, the con-
denser 191, the throttling device 192, and the evaporator
100, and then enters the compressor 193 again. During
the refrigeration process, the throttling device 192 throt-
tles a high-pressure liquid refrigerant from the condenser
191 for pressure reduction; a low-pressure refrigerant
exchanges heat with a to-be-cooled object in the evap-
orator 100, and absorbs heat of the to-be-cooled object
for being vaporized; refrigerant vapor generated by va-
porization is sucked into the compressor 193, and is dis-
charged as a high-pressure gas after compression; high-
temperature and high-pressure gas refrigerant dis-
charged from the compressor 193 exchanges heat with
an ambient medium in the condenser 191, releases heat
and condenses into a liquid refrigerant; and the high-
pressure liquid refrigerant flows through the throttling de-
vice 192 again for pressure reduction. This process is
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performed circularly, producing a continuous refrigera-
tion effect.

[0017] FIG. 2 is a perspective view of the evaporator
100 in FIG. 1. As shown in FIG. 2, the evaporator 100
has a housing 203, wherein the housing 203 comprises
a cylindrical main body 204 and a pair of tube sheets
205; the cylindrical main body 204 is in a cylindrical shape
with openings at the two ends, and the pair of tube sheets
205 are arranged at the two ends of the cylindrical main
body 204, respectively, to seal the openings at the two
ends of the cylindrical main body 204. The cylindrical
main body 204 and the pair of tube sheets 205 define an
accommodating cavity 310 (referring to FIG. 3A), and the
accommodating cavity 310 is used for accommodating
heat exchange tubes. A water inlet tube 208 and a water
outlet tube 207 are connected the tube sheet 205. Re-
ferring to the location shown in FIG. 2, the evaporator
100 has a height direction H, a length direction L and a
width direction W, wherein the height direction, length
direction and width direction of the accommodating cavity
310 are consistent with the directions of the evaporator
100. A refrigerant inlet 101 and a refrigerant outlet 102
is disposed on the cylindrical main body 204, wherein
the refrigerant inlet 101 and the refrigerant outlet 102 are
both located at the upper portion of the evaporator 100
in the height direction H, and are staggered in the length
direction and/or radial direction of the cylindrical main
body 204. The liquid refrigerant or gas-liquid mixed re-
frigerant in the refrigeration system 190 enters the evap-
orator 130 from the refrigerant inlet 101, becomes the
gas refrigerant after absorbing heat in the evaporator
130, and is discharged from the refrigerant outlet 102.
[0018] FIGs. 3A to 3C show a first embodiment of the
evaporator of the present application. FIG. 3A is a sche-
matic radial cross-sectional view of the first embodiment
of the evaporator in FIG. 2; FIG. 3B is a partial enlarged
view of four adjacent heat exchange tubes in a falling film
tube bundle in FIG. 3A; and FIG. 3C is a comparison
chart of theoretical values of heat transfer coefficients.
As shown in FIGs. 3A and 3B, an accommodating cavity
310 is formed inside the housing 203, and a falling film
tube bundle 315, a liquid-filled tube bundle 316, a distri-
bution device 340 and a mist eliminator 341 are disposed
in the accommodating cavity 310. As shown in FIGs. 2
and 3A, the refrigerant inlet 101 is located at the middle
portion of the evaporator 100 in the length direction and
the width direction to facilitate even refrigerant distribu-
tion. The refrigerant outlet 102 and the refrigerant inlet
101 are staggered in the length direction and/or the radial
direction. The distribution device 340 is disposed above
the falling film tube bundle 315 and is in communication
with the refrigerant inlet 101 to evenly distribute, to the
falling film tube bundle 315, the refrigerant received from
the refrigerant inlet 101 from the throttling device 192.
The mist eliminator 341 is connected below the refriger-
ant outlet 102, and an outlet for the evaporated gas of
the falling film tube bundle 315 and the liquid-filled tube
bundle 316 is disposed below the mist eliminator 341,
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such that the mist eliminator 341 can prevent liquid drop-
lets contained in the evaporated gas refrigerant from dis-
charging from the refrigerant outlet 102.

[0019] The falling film tube bundle 315 is substantially
disposed at the middle and upper portion of the accom-
modating cavity 310, the liquid-filled tube bundle 316 is
disposed at the bottom of the accommodating cavity 310,
and the liquid-filled tube bundle 316 and the bottom of
the falling film tube bundle 315 are spaced at a certain
distance. The falling film tube bundle 315 and the liquid-
filled tube bundle 316 are separately heat exchange tube
bundles formed by a plurality of heat exchange tubes 320
sequentially arranged. Each heatexchange tube 320 has
the same tube diameter Dy, and each heat exchange
tube 320 extends along the length direction L of the ac-
commodating cavity 305. As an example, the heat ex-
change tube 320 has a tube diameter D of 1 inch, that
is, 25.4 mm. A fluid channel is formed inside each heat
exchange tube for communication with a water inlet tube
208 and a water outlet tube 207 to circulate water or
another medium. A gap between each heat exchange
tube 320 and an adjacent heat exchange tube 320 forms
a refrigerant channel for circulating the refrigerant. The
medium in the fluid channel and the refrigerant in the
refrigerant channel exchanges heat through tube walls
of the heat exchange tubes.

[0020] The heat exchange tubes 320 in the falling film
tube bundle 315 are arranged in columns, and adjacent
columns are spaced at the same distance. In addition,
the centers of heat exchange tubes 320 in each column
are evenly spaced at the same distance along the height
direction H. However, in the width direction W, the centers
of adjacent heat exchange tubes 320 in two adjacent
columns of heat exchange tubes 320 are staggered, and
spaced at the same distance. That is, in the width direc-
tion W, the centers of two adjacent heat exchange tubes
320 are not on the same horizontal line, that is, the cent-
ers are not at the same height.

[0021] In the height direction H, the centers of two ad-
jacent heat exchange tubes 320 are on the same vertical
line, thatis, the centers are at the same width. Thereason
for arranging the heat exchange tubes in this way is that
during the falling film evaporation process, the to-be-
evaporated liquid refrigerant will flow from top to bottom,
form a liquid film on the outer surface of the tube wall of
each heat exchange tube 320, and exchange heat with
the medium in the heat exchange tube 320. The heat
exchange tubes 320 are arranged in columns, and the
adjacent heat exchange tubes 320 are staggered in the
width direction rather than arranged in a flush row, to
avoid inconsistence between an extension direction of a
refrigerant channel formed between two adjacent rows
of heat exchange tubes 320 and a gravity direction of the
liquid refrigerant, which makes it difficult to form liquid
films on the lower row of heat exchange tubes. The tube
layout method of the present application is conducive to
the liquid refrigerant that is not completely evaporated
continuing to flow to the outer surface of the lower heat
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exchange tube 320 to form the liquid films, thereby im-
proving evaporation efficiency of the heat exchange
tubes.

[0022] The heat exchange tubes 320 in the liquid-filled
tube bundle 316 are also arranged in columns and cover
the bottom of the accommodating cavity 310. After the
heat exchange on the falling film tube bundle 315, there
is still a part of the liquid refrigerant that has not com-
pletely evaporated into gas refrigerant, and this part of
the liquid refrigerant will form a liquid surface at the bot-
tom of the accommodating cavity 310 whose height is
greater than the height of the liquid-filled tube bundle
316. The heat exchange tubes 320 in the liquid-filled tube
bundle 316 are used for being immersed in this part of
the liquid refrigerant to further evaporate the liquid refrig-
erant into gas refrigerant.

[0023] The evaporator 100 further comprises a first
baffle plate 331 and a second baffle plate 332, wherein
the first baffle plate 331 and the second baffle plate 332
are disposed on the outer side of the falling film tube
bundle 315 in the width direction W and extend along the
length direction L, respectively. The first baffle plate 331
and the second baffle plate 332 are used for guiding the
refrigerant to flow from top to bottom through each heat
exchange tube in the falling film tube bundle 315, to pre-
vent the liquid refrigerant from flowing to the outer side
of the falling film tube bundle 315. The evaporated gas
refrigerant flows along the first baffle plate 331 and the
second baffle plate 332 and is discharged from the bot-
toms of the first baffle plate 331 and the second baffle
plate 332. That is, an outlet of the evaporated gas refrig-
erant of the falling film tube bundle 315 is located approx-
imately at the bottom edge of the first baffle plate 331
and the second baffle plate 332.

[0024] FIG. 3B shows an enlarged structure of four ad-
jacent heat exchange tubes 320a, 320b, 320c, and 320d
in two adjacent columns in the falling film tube bundle
315 in FIG. 3A. Those skilled in the art can understand
that because the heat exchange tubes 320 in the falling
film tube bundle 315 are evenly arranged, these four heat
exchange tubes may be any four adjacentheatexchange
tubes in two adjacent columns, which are adjacent to
each other, and the centers of three adjacent heat ex-
change tubes form two acute-angled triangle shapes. As
shown in FIG. 3B, the heat exchange tube 320a and the
heat exchange tube 320b are in the same column, and
the heat exchange tube 320c and the heat exchange
tube 320d are in the same column. In addition, the heat
exchange tube 320a, the heat exchange tube 320b, and
the heat exchange tube 320c are adjacent to each other,
and the centers thereof form an acute-angled triangle
shape. The heatexchange tube 320b, the heat exchange
tube 320c, and the heat exchange tube 320d are adjacent
to each other, and the centers thereof form an acute-
angled triangle shape. In the height direction H, the cent-
ers of the adjacent heat exchange tube 320a and heat
exchange tube 320b in the same column have a distance
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Hy (hereinafter referred to as a vertical distance). In the
width direction W, the centers of the adjacent heat ex-
change tube 320a and heat exchange tube 320c in dif-
ferent columns have a distance W, (hereinafter referred
to as a horizontal distance). There is a minimum distance
Xo between the outer surfaces of the heat exchange tube
320a and the heat exchange tube 320b. There is a min-
imum distance V between the outer surfaces of the heat
exchange tube 320a and the heat exchange tube 320c.
In this embodiment, V is greater than X;,. In addition, H,
and W, meet a relationship:

cos30° < ‘:L < 1.5*cos30°

[0025] In some existing falling film tube bundles, the
centers of three adjacent heat exchange tubes in heat
exchange tubes arranged in columns are usually ar-
ranged in an equilateral triangle shape. These heat ex-
change tubes will have a horizontal distance approxi-
mately equal to Dy and a vertical distance approximately

Do
€oS30°

equal to . That s, aratio of the horizontal distance
to the vertical distance of these heat exchange tubes is
approximately cos30°.

[0026] In the falling film evaporator, the gas-liquid two-
phase refrigerant entering the evaporator from the refrig-
erant inlet is evenly distributed by the distribution device
to the surfaces of the heat exchange tubes at the top of
the falling film tube bundle to form liquid films for heat
exchange. A part of the liquid refrigerant is converted into
gas after the heat exchange and evaporation, and the
other part of the liquid refrigerant that has not evaporated
will drip onto the lower row of heat exchange tubes to
continue evaporation; and a flow of the liquid refrigerant
flowing through the falling film tube bundle gradually de-
creases from the top to the bottom of the falling film tube
bundle, while a flow of the gas refrigerant gradually in-
creases.

[0027] The applicant found through research that heat
transfer coefficients "h," of the heat exchange tubes in
the falling film tube bundle can be fitted to the Gaussian
distribution equation (1):

Rey 372
2 Refrim e
_2 P St —
A\/; w
hr=y0+—/—-¢ :
w

wherein y0, A, w, xc are fitting constants, Re,, is the gas
phase Reynolds number, and Rey;, is the liquid film Rey-
nolds number. It can be seen from the Gaussian distri-
bution equation (1) that the heat transfer coefficient "h,"
decreases as a ratio of the gas phase Reynolds number
Re, to the liquid film Reynolds number Rey,,, increases.
The gas phase Reynolds number Re, is directly propor-
tionalto the flow rate of the gas refrigerant between tubes,
and the liquid film Reynolds number Reg,, is also directly

(D
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proportional to the flow of the liquid refrigerant. When the
flow rate of the gas refrigerant is smaller, the gas phase
Reynolds number Re, is smaller and the heat transfer
coefficient "h," is larger. When the flow of the liquid re-
frigerantis greater, the liquid film Reynolds number Reg,,
is greater and the heat transfer coefficient "h," is also
greater.

[0028] The flow rate of the gas refrigerant is related to
the flow of the gas refrigerant and a flow area of the gas
refrigerant. By increasing the minimum distance between
the outer surfaces of tube walls of the heat exchange
tubes in different columns of the falling film tube bundle,
the space for the refrigerant channel in the width direction
W can be increased, and at a certain flow of the gas
refrigerant, the flow rate of the gas flowing among the
corresponding heat exchange tubes is reduced, thereby
increasing the heat transfer coefficient "h,". However,
when the horizontal distance between heat exchange
tubes increases, the quantity of the heat exchange tubes
of the falling film tube bundle that can be arranged in a
certain-sized accommodating cavity will be reduced, re-
sulting in a decrease in the heat exchange capacity of
the evaporator. Therefore, increasing the minimum dis-
tance between the outer surfaces of the tube walls of the
heat exchange tubes of the falling film tube bundle within
a certain range can improve the heat transfer efficiency
of the evaporator, thereby increasing the heat exchange
capacity of the evaporator. Alternatively, the quantity of
the heat exchange tubes is reduced under the same heat
exchange capacity of the evaporator.

[0029] In this embodiment, compared with the existing
falling film tube bundle, the size of the evaporator is the
same as that in the prior art, and the size of each heat
exchange tube is also the same. In this embodiment, the
minimum distance between the outer surfaces of the tube
walls of the heat exchange tubes in different columns is
increased by maintaining the vertical distance H of the
centers of the heat exchange tubes and increasing the
horizontal distance Wy of the centers of the heat ex-
change tubes. Specifically, the ratio of the horizontal dis-
tance W, to the vertical distance H is increased to
(1-1.5)*cos30° in the falling film tube bundle 315 of the
present application. That s, the centers of three adjacent
heat exchange tubes of the falling film tube bundle 315
of the present application are not arranged in an equilat-
eral triangle shape, but are arranged in an isosceles tri-
angle shape with a vertex angle less than 60°. The in-
creased ratio of the horizontal distance W, to the vertical
distance Hg will reduce the flow rate of the gas flowing
through two adjacent columns of heat exchange tubes
320, thereby improving the heat exchange efficiency of
the evaporator 100.

[0030] FIG.3C showsacomparison chartoftheoretical
values of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle 315 of this
embodiment, the existing falling film tube bundle, the ide-
al-status falling film tube bundle, and the ideal-status lig-
uid-filled tube bundle in a case of the same quantity of
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heat exchange tubes, wherein the theoretical values are
obtained through the Gaussian distribution equation (1).
In FIG. 3C, the horizontal axis represents heat exchange
tubes of different row numbers from top to bottom, and
the vertical axis represents the heat transfer coefficients.
The straight line 361 and the straight line 362 represent
heat transfer coefficients of a single heat exchange tube
in the ideal-status falling film tube bundle and liquid-filled
tube bundle, respectively. The curve 360 and the curve
370represent the heat transfer coefficients of the existing
falling film tube bundle and the falling film tube bundle
315 of this embodiment, respectively.

[0031] It can be seen from FIG. 3C that in an ideal
status, the heat transfer coefficients of the heat exchange
tubes in both the falling film tube bundle and the liquid-
filled tube bundle will not decrease as the row number
increases. However, in the existing falling film tube bun-
dle, the heat transfer coefficient decreases rapidly as the
row number increases; even in the low-row heat ex-
change tubes at the bottom, the heat transfer efficiency
will decrease below the heat transfer coefficient of the
ideal-status liquid-filled tube bundle. In the falling film
tube bundle of this embodiment, the heat transfer coef-
ficient remains almost equal to the heat transfer coeffi-
cient of the ideal-status falling film tube bundle. Even if
the heat transfer coefficient of the heat exchanger tube
at the bottom decreases slightly, it is still much higher
than that of the ideal-status liquid-filled tube bundle.
[0032] FIGs. 4A to 4C show a second embodiment of
the evaporator of the present application. FIG. 4A shows
a radial cross-sectional view of an evaporator 400 in the
second embodiment of the evaporator in FIG. 2; FIG. 4B
is a partial enlarged view of four adjacent heat exchange
tubes in a falling film tube bundle in FIG. 4A; and FIG.
4C is a comparison chart of theoretical values of heat
transfer coefficients. As shown in FIGs. 4A and 4B, the
same as the first embodiment, a falling film tube bundle
415 and a liquid-filled tube bundle 416 are disposed in
the evaporator 400 as well, wherein the falling film tube
bundle 415 and the liquid-filled tube bundle 416 comprise
a plurality of heat exchange tubes arranged in columns,
respectively. Wherein, the heat exchange tubes in the
liquid-filled tube bundle 416 and the arrangement of the
heat exchange tubes are the same as those in the first
embodiment. However, the falling film tube bundle 415
is different from that in the first embodiment, wherein the
heat exchange tubes in the falling film tube bundle 415
does not have the same tube diameter, but comprise a
plurality of first heat exchange tubes 421 with a larger
tube diameter D and a plurality of second heat exchange
tubes 422 with a smaller tube diameter D,; and in each
column of the falling film tube bundle 415, the first heat
exchange tubes 421 and the second heat exchange
tubes 422 are staggered. That is, any four adjacent heat
exchange tubes in two adjacent columns must comprise
two first heat exchange tubes 421 with the larger tube
diameter and two second heat exchange tubes 422 with
the smaller tube diameter. For example, the larger tube
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diameter D, of the first heat exchange tube 421 is equal
to the tube diameter D of the heat exchange tube 320
in the first embodiment. In this embodiment, the tube di-
ameter D, of the first heat exchange tube 421 with the
larger tube diameter is 1 inch, that is, 25.4 mm, and the
tube diameter D, of the second heat exchange tube 422
with the smaller tube diameter is 3/4 inch, that is, 19.05
mm. In the falling film tube bundle 415, a quantity ratio
of the first heat exchange tubes 421 and the second heat
exchange tubes 422 is approximately 1:1.

[0033] FIG. 4B shows an enlarged structure of four ad-
jacent heat exchange tubes 421a, 421b, 422a, and 422b
in two adjacent columns, wherein these heat exchange
tubes are adjacent to each other, and the centers of three
adjacent heat exchange tubes form two equilateral trian-
gles. As shown in FIG. 4B, the heat exchange tube 421a
and the heat exchange tube 422a are in the same col-
umn, and the heat exchange tube 422b and the heat
exchange tube 421b are in the same column. In addition,
the heat exchange tube 421a, the heat exchange tube
422a, and the heat exchange tube 422b are adjacent to
each other, and the heat exchange tube 421b, the heat
exchange tube 422a, and the heat exchange tube 422b
are adjacent to each other. In the height direction H, the
centers of the adjacent heat exchange tube 421a and
heat exchange tube 422a in the same column have a
vertical distance Hy. In the width direction W, the centers
of the adjacent heat exchange tube 421a and heat ex-
change tube 422b in different columns have a horizontal
distance W,. There is a minimum distance X; between
the outer surfaces of the heat exchange tube 421a and
the heat exchange tube 422a, and between the outer
surfaces of the heat exchange tube 421a and the heat
exchange tube 422b; and there is a minimum distance
V between the outer surfaces of the heat exchange tube
422a and the heat exchange tube 422b. In this embodi-
ment, V, is greater than X, and W, > Dy.

[0034] Generally, the second heat exchange tube 422
with the smaller tube diameter has a heat transfer coef-
ficient greater than the heat transfer coefficient of the first
heat exchange tube 421 with the larger tube diameter
and has lower costs, but However, a smaller heat ex-
change area results in a poorer overall heat exchange
capacity as compared to that of the first heat exchange
tube 421. In this embodiment, a part of the first heat ex-
change tubes 421 with the larger tube diameter D, is
replaced with the second heat exchange tubes 422 with
the smaller tube diameter D,. On the one hand, the tube
diameter of the part of the heat exchange tubes is re-
duced to increase the minimum distance V4 between a
part of the outer surfaces, so as to reduce a flow rate of
gas flowing among the corresponding heat exchange
tubes, thereby improving the heat exchange efficiency
ofthe evaporator. On the other hand, in the same column,
for the first heat exchange tubes 421 in the lower row of
the second heat exchange tubes 422, because the heat
exchange capacity of the second heat exchange tubes
422 is smaller than the heat exchange capacity of the
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first heat exchange tubes 421, the flow of a liquid refrig-
erant on the first heat exchange tubes 421 in the lower
row is increased, and in this way, the liquid film Reynolds
number Rey,, can also be increased by increasing the
flow of the liquid refrigerant on the first heat exchange
tubes 421 in the lower row, thereby further increasing the
heat transfer coefficient "h,".

[0035] In this way, even if the horizontal distance W
between the centers of the heat exchange tubes is not
increased, the space for the refrigerant channel can be
increased in the width direction W, thereby reducing the
flow rate of the gas flowing among the corresponding
heat exchange tubes. In this embodiment, the center dis-
tance between the heat exchange tubes is not changed
as compared to the existing technology in which all heat
exchange tubes have the larger tube diameter, but both
the space for the refrigerant channel between the heat
exchange tubes 421a and 422b and the space for the
refrigerant channel between the heat exchange tubes
422aand 422b are increased. Therefore, the overall heat
exchange efficiency of the evaporator of this embodiment
can still be improved, and the costs of the heat exchange
tubes can be reduced in general.

[0036] It should be noted that, in some other embodi-
ments, among the four adjacent heat exchange tubes
421a, 421b, 422a, and 422b in two adjacent columns,
the centers of three adjacent heat exchange tubes may
alternatively form two isosceles triangles, similar to the
first embodiment, by increasing the horizontal distance
between adjacent heat exchange tubes in different col-
umns, instead of forming two equilateral triangles.
[0037] FIG.4C showsacomparison chartof theoretical
values of heat transfer coefficients of the first heat ex-
change tube in the falling film tube bundle 415 of this
embodiment, the second heat exchange tube in the fall-
ing film tube bundle 415 of this embodiment, and a single
heat exchange tube in the ideal-status falling film tube
bundle comprising the first heat exchange tube, the ideal-
status liquid-filled tube bundle comprising the first heat
exchange tube, the ideal-status falling film tube bundle
comprising the second heat exchange tube, and the ide-
al-status liquid-filled tube bundle comprising the second
heat exchange tube in a case of the same quantity of
heat exchange tubes, wherein the theoretical values are
obtained through the Gaussian distribution equation (1).
In FIG. 4C, the horizontal axis represents heat exchange
tubes of different row numbers from top to bottom, and
the vertical axis represents the heat transfer coefficients.
The straight line 461, the straight line 462, the straight
line 463, and the straight line 464 represent the heat
transfer coefficients of a single heat exchange tube in
the ideal-status falling film tube bundle comprising the
first heatexchange tube, the ideal-status liquid-filled tube
bundle comprising the first heat exchange tube, the ideal-
status falling film tube bundle comprising the second heat
exchange tube, and the ideal-status liquid-filled tube bun-
dle comprising the second heat exchange tube, respec-
tively. The curve 460 and the curve 470 represent the
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heat transfer coefficients of the first heat exchange tubes
and the second heat exchange tubes in the falling film
tube bundle 415 of this embodiment, respectively.
[0038] It can be seen from FIG. 4C that, in the ideal
status, the heat transfer coefficients of the falling film tube
bundle and the liquid-filled tube bundle comprising the
second heat exchange tubes with the smaller tube diam-
eter are greater than those of the falling film tube bundle
and the liquid-filled tube bundle comprising the first heat
exchange tubes with the larger tube diameter, respec-
tively, which indicates that the heat exchange tubes with
the smaller tube diameter have a better heat transfer co-
efficient. In addition, the falling film tube bundle compris-
ing the second heat exchange tubes with the smaller tube
diameter can almost maintain the heat transfer coefficient
equivalentto thatin the ideal status, and the heat transfer
coefficient does not decrease significantly as the row
number decreases. The heat transfer coefficient of the
falling film tube bundle comprising the first heat exchange
tubes with the larger tube diameter is also always greater
than the heat transfer coefficient of the ideal-status liquid-
filled tube bundle with the same tube diameter.

[0039] FIGs. 5A to 5C show a third embodiment of the
evaporator of the present application. FIG. 5A shows a
radial cross-sectional view of an evaporator 500 in the
third embodiment of the evaporator in FIG. 2; FIG. 5B is
a partial enlarged view of four adjacent heat exchange
tubes in a falling film tube bundle in FIG. 4A; and FIG.
5C is a comparison chart of theoretical values of heat
transfer coefficients. As shown in FIGs. 5A and 5B, a
falling film tube bundle 515 and a liquid-filled tube bundle
516 are disposed in the evaporator 500 as well, wherein
the falling film tube bundle 515 and the liquid-filled tube
bundle 516 comprise a plurality of heat exchange tubes
arranged in columns, respectively, wherein the heat ex-
change tubes in the liquid-filled tube bundle 516 and the
arrangement of the heat exchange tubes are the same
as those in the first embodiment and the second embod-
iment. In addition, the heat exchange tubes in the falling
film tube bundle 515 comprise a plurality of first heat ex-
change tubes 521 with a larger tube diameter D, and a
plurality of second heat exchange tubes 522 with a small-
er tube diameter D,. Different from the second embodi-
ment, the plurality of first heat exchange tubes 521 is
arranged in columns, the plurality of second heat ex-
change tubes 522 is arranged in columns, and the col-
umns of the first heat exchange tubes 521 and the col-
umns of the second heat exchange tubes 522 are stag-
gered. For example, the larger tube diameter D, of the
first heat exchange tube 521 is equal to the tube diameter
Dgofthe heat exchange tube 320in the firstembodiment.
In this embodiment, the tube diameter D, of the first heat
exchange tube 521 with the larger tube diameter is 1
inch, that is, 25.4 mm, and the tube diameter D, of the
second heat exchange tube 522 with the smaller tube
diameter is 3/4 inch, that is, 19.05 mm. In the falling film
tube bundle 515, a quantity ratio of the first heat exchange
tubes 521 and the second heat exchange tubes 522 is
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approximately 1:1.

[0040] FIG. 5B shows an enlarged structure of four ad-
jacent heat exchange tubes 521a, 521b, 522a, and 522b
in two adjacent columns, wherein these heat exchange
tubes are adjacent to each other, and the centers of three
adjacent heat exchange tubes form two equilateral trian-
gles. As shown in FIG. 5B, the heat exchange tube 521a
and the heat exchange tube 521b are in the same col-
umn, and the heat exchange tube 522a and the heat
exchange tube 522b are in the same column. In addition,
the heat exchange tube 521a, the heat exchange tube
522a, and the heat exchange tube 521b are adjacent to
each other, and the heat exchange tube 521b, the heat
exchange tube 522a, and the heat exchange tube 522b
are adjacent to each other. In the height direction H, the
centers of the adjacent heat exchange tube 521a and
heat exchange tube 522a in the same column have a
vertical distance H,. In the width direction W, the centers
of the adjacent heat exchange tube 521a and heat ex-
change tube 522a in different columns have a horizontal
distance W,. There is a minimum distance X, between
the outer surfaces of the heat exchange tube 521a and
the heat exchange tube 521b. There is a minimum dis-
tance V, between the outer surfaces of the heat ex-
change tube 522a and the heat exchange tube 521b, and
between the outer surfaces of the heat exchange tube
522a and the heat exchange tube 521a. In this embodi-
ment, V, is greater than X,, and W, > Dy.

[0041] Similar to the second embodiment, a part of the
first heat exchange tubes 521 with the larger tube diam-
eter D, in this embodiment is also replaced with the sec-
ond heat exchange tubes 522 with the smaller tube di-
ameter D,. The tube diameter of the part of the heat ex-
change tubes is reduced to increase the minimum dis-
tance V4 between the outer surfaces, so as to reduce a
flow rate of gas flowing among the corresponding heat
exchange tubes, thereby improving the heat exchange
efficiency of the evaporator. Compared with the second
embodiment, although V, < V4, in each row of heat ex-
change tubes in the falling film tube bundle 515, the min-
imum distance between the outer surfaces of heat ex-
change tubes in adjacent columns is increased.

[0042] It should be noted that, in some other embodi-
ments, among the four adjacent heat exchange tubes
521a, 521b, 522a, and 522b in two adjacent columns,
the centers of three adjacent heat exchange tubes may
alternatively form two isosceles triangles, similar to the
first embodiment, by increasing the horizontal distance
between adjacent heat exchange tubes in different col-
umns, instead of forming two equilateral triangles.
[0043] FIG.5C showsacomparison chartof theoretical
values of heat transfer coefficients of the first heat ex-
change tube in the falling film tube bundle 515 of this
embodiment, the second heat exchange tube in the fall-
ing film tube bundle 515 of this embodiment, and a single
heat exchange tube in the ideal-status falling film tube
bundle comprising the first heat exchange tube, the ideal-
status liquid-filled tube bundle comprising the first heat
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exchange tube, the ideal-status falling film tube bundle
comprising the second heat exchange tube, and the ide-
al-status liquid-filled tube bundle comprising the second
heat exchange tube in a case of the same quantity of
heat exchange tubes, wherein the theoretical values are
obtained through the Gaussian distribution equation (1).
In FIG. 5C, the horizontal axis represents heat exchange
tubes of different row numbers from top to bottom, and
the vertical axis represents the heat transfer coefficients.
The straight line 561, the straight line 562, the straight
line 563, and the straight line 564 represent the heat
transfer coefficients of a single heat exchange tube in
the ideal-status falling film tube bundle comprising the
first heat exchange tube, the ideal-status liquid-filled tube
bundle comprising the first heat exchange tube, the ideal-
status falling film tube bundle comprising the second heat
exchange tube, and the ideal-status liquid-filled tube bun-
dle comprising the second heat exchange tube, respec-
tively. The curve 560 and the curve 570 represent the
heat transfer coefficients of the first heat exchange tubes
and the second heat exchange tubes in the falling film
tube bundle 515 of this embodiment, respectively.
[0044] It can be seen from FIG. 5C that, although the
heat transfer coefficients of the falling film tube bundle
comprising the first heat exchange tubes 521 and the
second heat exchange tubes 522 decrease as the row
number increases, the heat transfer coefficients do not
decrease significantly as the row number decreases, and
are all greater than the heat transfer coefficients of re-
spective liquid-filled tube bundle.

[0045] FIGs. 6A to 6C show a fourth embodiment of
the evaporator of the present application. FIG. 6A shows
a radial cross-sectional view of an evaporator 600 in the
fourth embodiment of the evaporator in FIG. 2; FIG. 6B
is a schematic structural diagram of a baffle plate 631 in
FIG. 6A, and FIG. 6C is a comparison chart of theoretical
values of heat transfer coefficients. As shown in FIGs.
6A and 6B, a falling film tube bundle 615 and a liquid-
filled tube bundle 616 are disposed in the evaporator 600
as well, wherein the falling film tube bundle 615 and the
liquid-filled tube bundle 616 comprise a plurality of heat
exchange tubes arranged in columns, respectively. In
this embodiment, the heat exchange tubes in the liquid-
filled tube bundle 616 and the arrangement of the heat
exchange tubes are the same as those in the first em-
bodiment. In addition, the heat exchange tubes in the
falling film tube bundle 615 and the arrangement of the
heat exchange tubes are substantially the same as those
in the first embodiment. Details are not described herein
again. The only difference is that in this embodiment, the
heat exchange tubes in the middle portion of the falling
film tube bundle 615 are spaced apart to form a fluid
channel 638 substantially extending in the width direction
W.

[0046] The evaporator 600 further comprises a first
baffle plate 631 and a second baffle plate 632, wherein
the first baffle plate 631 and the second baffle plate 632
are disposed on the left side and the right side of the
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falling film tube bundle 615 in the width direction W, re-
spectively. The first baffle plate 631 and the second baffle
plate 632 are provided with a plurality of windows 635,
respectively, wherein these windows 635 are arranged
in the length direction L and are disposed at the corre-
sponding positions of the fluid channel 638. The fluid
channel 638 and the windows 635 allow the evaporated
gas refrigerant obtained by the upper heat exchange
tubes to flow out through the windows 635 instead of
continuing to flow through the lower heat exchange
tubes. In this way, a flow of gas refrigerant flowing through
the lower heat exchange tubes is reduced.

[0047] In this embodiment, even though the quantity
of the heat exchange tubes is the same as that in the first
embodiment, because a part of gas refrigerant can be
discharged through the fluid channel 638 and the win-
dows 635, a flow rate of the gas refrigerant in the lower
falling film heat exchange tube bundle is reduced, there-
by further improving the heat exchange efficiency of the
evaporator as compared to the first embodiment.
[0048] FIG.6C showsacomparison chartoftheoretical
values of heat transfer coefficients of a single heat ex-
change tube in the falling film tube bundle 615 of this
embodiment, the falling film tube bundle 315 of the first
embodiment, the ideal-status falling film tube bundle, and
the ideal-status liquid-filled tube bundle in a case of the
same quantity of heat exchange tubes, wherein the the-
oretical values are obtained through the Gaussian distri-
bution equation (1). In FIG. 6C, the horizontal axis rep-
resents heat exchange tubes of different row numbers
from top to bottom, and the vertical axis represents the
heat transfer coefficients. The straight line 661 and the
straight line 662 represent heat transfer coefficients of a
single heat exchange tube in the ideal-status falling film
tube bundle and liquid-filled tube bundle, respectively.
The curve 668 and the curve 670 represent the heat
transfer coefficients of the falling film tube bundle 615 of
this embodiment and the falling film tube bundle 315 of
the first embodiment, respectively.

[0049] It can be seen from FIG. 6C that, in the falling
film tube bundle 615 of this embodiment, by discharging
a part of gas refrigerant through the middle portion, the
heat transfer coefficient of each row of heat exchange
tubes can be maintained at a high level.

[0050] Those skilled in the art can understand that, al-
though in this embodiment, the heat exchange tubes in
the falling film tube bundle are disposed in a way sub-
stantially the same as that in the first embodiment, the
heat exchange tubes may alternatively be disposed in a
way substantially the same as that in the second embod-
iment or the third embodiment, provided that a fluid chan-
nelis disposed in the falling film tube bundle in the second
embodiment or the third embodiment, and windows for
discharging the gas refrigerant are disposed on baffle
plates corresponding to the fluid channel.

[0051] In the evaporators of the foregoing embodi-
ments, for the falling film tube bundle in the evaporator
of the first embodiment, the distance between the heat
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exchange tubes in the width direction, thatis, the distance
between the heat exchange tubes in the individual col-
umns, is increased, thereby increasing the space for the
refrigerant channelin the width direction W. For the falling
film tube bundles in the evaporators of the second em-
bodiment and the third embodiment, a part of the heat
exchange tubes are replaced with the heat exchange
tubes with the smaller tube diameter to increase the min-
imum distance between the outer surfaces of the tube
walls of the heat exchange tubes, thereby increasing at
least a part of space for the refrigerant channel in the
width direction W.

[0052] In the present application, the flow rate of the
gas flowing among the corresponding heat exchange
tubes is reduced by increasing the flow space of the re-
frigerant in the width direction W, so that the ratio of the
gas phase Reynolds number Re,, to the liquid film Rey-
nolds number Rey,, is reduced, and thus the heat ex-
change efficiency of the evaporator is improved.

[0053] While only some of the features of the present
application have been illustrated and described herein,
various modifications and changes will occur to those
skilled in the art. It is therefore to be understood that the
appended claims are intended to cover all such modifi-
cations and changes that fall within the true spirit of the
present application.

Claims
1. An evaporator, comprising:

-ahousing (203), wherein the housing (203) has
an accommodating cavity (310), the accommo-
dating cavity (310) has a length direction (L), a
width direction (W), and a height direction (H);
and

- a falling film tube bundle (315), wherein the
falling film tube bundle (315) is disposed in the
accommodating cavity (310) and arranged in
columns, the falling film tube bundle (315) com-
prises a plurality of heat exchange tubes (320),
each heat exchange tube (320) extends along
the length direction (L) of the accommodating
cavity (310), the centers of the heat exchange
tubes (320) in each column are arranged along
the height direction (H), and the centers of two
adjacent heat exchange tubes (320) in adjacent
columns are staggered in the width direction (W)
of the accommodating cavity (310);

wherein the falling film tube bundle (315) is config-
ured in a way that among four adjacent heat ex-
change tubes (320) in two adjacent columns, a min-
imum distance (Vg, V4, V,) between outer surfaces
of at least two heat exchange tubes (320) in different
columns is greater than a minimum distance (Xg, X4,
X,) between outer surfaces of two heat exchange
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tubes (320) in the same column.
2. The evaporator of claim 1,wherein

- among the four adjacent heat exchange tubes
(320) in two adjacent columns, the distance be-
tween outer surfaces of at least two heat ex-
change tubes (320) in different columns is set
such as to reduce a flow rate of gas flowing
through the two adjacent columns of heat ex-
change tubes (320), thereby improving heat ex-
change efficiency of the evaporator (100).

3. The evaporator of claim 2, wherein

- each heat exchange tube (320) in the falling
film tube bundle (315) has the same tube diam-
eter (Dy), and a ratio of a distance (W,) of the

centers, in the width direction (W) of the accom-
modating cavity (310), of two adjacent heat ex-
change tubes (320) in adjacent columns to a dis-
tance (H) of the centers, in the height direction

(H) of the accommodating cavity (310), of two
adjacent heat exchange tubes (320) in the heat
exchange tubes (320) in each column meets a
relationship:

cos30° < %’;"m < 1.5%c0s30°

4. The evaporator of claim 2, wherein

- the falling film tube bundle (415) comprises a
plurality of first heat exchange tubes (421) with
a larger tube diameter (D1) and a plurality of
second heat exchange tubes (422) with a small-
er tube diameter (D2); and

- the first heat exchange tubes (421) and the
second heat exchange tubes (422) are stag-
gered in the columns of the falling film tube bun-
dle (415).

5. The evaporator of claim 2, wherein

- the falling film tube bundle (515) comprises a
plurality of first heat exchange tubes (521) with
a larger tube diameter (D1) and a plurality of
second heat exchange tubes (522) with a small-
er tube diameter (D2), wherein the plurality of
first heat exchange tubes (521) is arranged in
columns, and the plurality of second heat ex-
change tubes (522) is arranged in columns;

wherein the columns of the first heat exchange tubes
(521) and the columns of the second heat exchange

tubes (522) are staggered.

6. The evaporator of claim 4 or 5, wherein



19 EP 4 400 783 A1

-adistance (W1, W2) of the centers, in the width
direction (W) of the accommodating cavity
(310), of the first heat exchange tubes (421, 521)
and the second heat exchange tubes (422, 522)
that are adjacent to each other in two adjacent %
columns of heatexchange tubes (320)is notless
than the larger tube diameter (D1) of the first
heat exchange tube (421, 521).

7. The evaporator of claim 6, wherein 10

- the larger tube diameter (D1) of the first heat
exchange tubes (421, 521) is 25.4 mm; and

- the smaller tube diameter (D2) of the second
heat exchange tubes (422, 522) is 19.05 mm. 15

8. The evaporator of claim 1, wherein the evaporator
further comprises:

- a first baffle plate (631) and a second baffle 20
plate (632), wherein the first baffle plate (631)
and the second baffle plate (632) are disposed
on the outer side of the falling film tube bundle
(615) in the width direction (W) of the accommo-
dating cavity (310), respectively; 25

wherein a plurality of windows (635) is disposed on
the first baffle plate (631) and the second baffle plate
(632), respectively, wherein the plurality of windows
(635) is arranged along the length direction (L) ofthe 30
accommodating cavity (310), and the plurality of win-
dows (635) is disposed on the outer side of the mid-
dle portion of the falling film tube bundle (615) in the
height direction (H) of the accommodating cavity
(310). 35

9. The evaporator of claim 8, wherein

- a liquid baffle plate (638) extending along the
length direction (L) of the accommodating cavity 40
(310) is disposed on each outer side of the win-
dows (635) on the first baffle plate (631) and the
second baffle plate (632), wherein the top of the
liquid baffle plate (638) is connected to the cor-
responding first baffle plate (631) and second 45
baffle plate (632), and the liquid baffle plate
(638) and the window (635) are spaced at a cer-

tain distance.

10. A refrigeration system, comprising: 50

-acompressor (193), acondenser (191), athrot-
tling device (192), and an evaporator (100) that

are disposed in a refrigerant loop, wherein the
evaporator (100) is as described in any one of 55
claims 1 to 9.
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