
DESCRIPTION FALLING FILM HEAT EXCHANGER, ABSORPTION REFRIGERATOR SYSTEM,
SHIP, OFFSHORE STRUCTURE AND UNDERWATER OFFSHORE STRUCTURE TECHNICAL
FIELD [0001]        The present invention relates to a falling film heat exchanger and an absorption
refrigerator system which are usable in a ship, an offshore structure, underwater equipment and the
like inherently involving swing motions, and also relates to a ship, an offshore structure and an
underwater offshore structure equipped with the same. BACKGROUND ART [0002]        Among
technologies widely used for cooling of chilled water for air cooling and the like, there are a falling film
heat exchanger and an absorption refrigeration system using this heat exchanger. This falling film heat
exchanger is a heat exchanger provided with a tube bank formed of numerous heat exchanger tubes,
through each of which a first fluid (liquid or gas) flows, arranged not only in a horizontal direction and
but also in a vertical direction. A second fluid (liquid) is dropped or spayed, for example, to flow down
onto the outer surfaces of the heat exchanger tubes in the uppermost array, so that the outer surfaces
of the heat exchanger tubes are covered with the second fluid. Thereby, the first fluid and the second
fluid are caused to exchange heat. Then, the second fluid covering the outer surfaces of the heat
exchanger tubes in that array is caused to flow down to the heat exchanger tubes in the next array
below these heat exchanger tubes. Thus, through the heat exchanger tubes in the next array, the first
fluid and the secondfluidexchangeheat. In this way, the heat exchanger causes the first fluid and the
second fluid to exchange heat through the heat exchanger tubes in the lower arrays sequentially one
after,another. 



[ 0003]        This falling film heat exchanger can perform efficient heat exchange because the heat
exchanger can achieve a great leap in the heat exchange amount by use of the heat of vaporization of
the second fluid. For this reason, such falling film heat exchangers are widely used for evaporators,
absorbers, regenerators and the like of absorption refrigeration systems. [ 0004]        Meanwhile, an
absorption refrigeration system described in International Patent Application Publication No.
W098/41798, for example, uses the second fluid as a coolant in an evaporator, and is configured to
promote evaporation of the coolant in a way that the coolant is caused to flow down onto the outer
surfaces of heat exchanger tubes in a closed vessel, and to exchange heat with the first fluid in the
heat exchanger tubes in the process of flowing down, thereby generating a gas of the coolant; and the
gas is absorbed by an absorbing liquid in an absorber communicating with the closed vessel. For the
promotion of the evaporation of the coolant, it is important to distribute the coolant forming a falling film
evenly over the entire length of each of the heat exchanger tubes, and to surely distribute the coolant
over the bank of heat exchanger tubes. [0005]        To this end, it is necessary to devise a method of
distributing and dropping the coolant or the absorber onto the  heat exchanger tubes in the uppermost
array as evenly as possible, and to also space out the heat exchanger tubes at certain intervals. In
addition, in the case where the heat exchanger tubes arranged to extend horizontally are used, the
configuration of a liquid distributor is especially important because the liquid dropped down from the
heat exchange tubes in an upper position need to be surely dropped onto the heat exchange tubes in
a lower position. As such a liquid distributor, a dropping device made of a single plate and being
usable as a dropping device for an absorption refrigerator has been proposed as described in
Japanese Patent Application Publication No. 2005-207620, for example. [0006]        Moreover, as
described in Japanese Patent Application Publication No. Hei 11-108501, for example, an evaporator
for an absorption refrigerator has been proposed in order to improve heat exchange performance by
preventing an increase in a dried portion where no coolant liquid flows down on the surfaces of heat
exchanger tubes. The evaporator is provided with spacers arranged at predetermined intervals in a
vertical direction, located between upper and lower neighboring heat exchanger tubes and extended in
a longitudinal direction of the heat exchanger tubes, and is configured to form liquid pools around joint
portions between the spacers and the lower heat exchanger tubes. 



[0007]        However, this falling film heat exchanger and an absorption refrigeration system using this
heat exchanger have drawback in that the exchanger can hardly tolerate an inclination with respect to
the horizontal plane and a swing  motion because the performance is remarkably deteriorated unless
the coolant or absorber is dropped while being distributed evenly over the heat exchanger tubes in the
uppermost array, or unless the liquid flowing down from each heat exchanger tube in the upper
position surely flows down onto the surface of the heat exchanger tube in the lower position and
covers the entire surface with its liquid film. This drawback becomes more serious if the falling film
heat exchanger inclines. Hence, there arises a problem that this falling film heat exchanger and the
absorption refrigeration system using this heat exchanger are not installable in a ship, an offshore
structure, or an underwater offshore structure which inherently involves an inclination and a swing
motion. [00081        In short, in connection with the inclination of the falling film heat exchanger, there
are a bypass problem, a no-flow region increase problem and a wet surface reduction problem. The
bypass problem is a problem that the second fluid passes through between the heat exchanger tubes
in the first next lower array, and flows down to the heat exchanger tubes in the second next lower
array. [00091        As illustrated in Fig. 13, in the case of a falling film heat exchanger employing a
configuration in which heat exchanger tubes 21 are aligned in a staggered arrangement, a second fluid
D is dropped toward the center lines (tube axes) of the heat exchanger tubes 21 in the uppermost
array when the falling film heat exchanger is not inclined in a cross-sectional plane of the heat
exchanger tubes 21. In this case, however, the dropping second fluid D may bypass the heat
exchanger tubes  



21 in the even-numbered arrays from the top by passing without contacting the heat exchanger tubes
21. [0010]        In the case of water, it is said that a volume of 20 droplets is about 1 cc and a natural
droplet diameter of the second fluid D is only about 2 mm. For this reason, this problem cannot be
avoided unless the heat exchanger tubes 21 are arranged at lateral intervals S of 2 mm or smaller.
Nevertheless, it is difficult to make the lateral intervals be 2 mm or smaller in view of process working
of a tube sheet (tube wall) and strength. [ 0011]        Instead, as illustrated in Fig. 14, in a case of
employing anon-staggered arrangement, this bypass problem does not occur unless an inclination at
about 20 degrees occurs. However, as illustrated in Fig. 15, once the inclination occurs at an
inclination angle exceeding about 20 degrees, the bypass problem also occurs as in the case of the
staggered arrangement, and the heat exchange area is reduced by as much as 50% only due to the
bypassing. [ 0012]        Next, the no-flow region increase problem is a problem that a region of the heat
exchanger tubes 21 where the second fluid D does not flow, in short, a no-flow region occurs due to a
sideways inclination of the apparatus. If the exchanger inclines largely, there are some heat exchanger
tubes 21 (hatched heat exchanger tubes) onto which the second fluid D does not flow down, as
illustrated in Fig. 16. In the case of employing the non-staggered arrangement as illustrated in Fig. 16,
this phenomenon does not occur unless the inclination of  the apparatus reaches an inclination at
about 20 degrees. However, once this phenomenon occurs, the heat exchange area is reduced as
illustrated in Fig. 16, and about 50% of the total region is a no-flow region in the case of Fig. 16. On
the other hand, in the case of employing the staggered arrangement as illustrated in Fig. 17, even a
slight inclination influences about 20% of the heat exchange area in the case of Fig. 17. Nevertheless,
even if the inclination angle increases, the influence more than that does not occur unless the
inclination angle reaches about 40 degrees. Although Figs. 16 and 17 illustrate the cases where the
heat exchanger tube bank includes the same number of heat exchanger tubes arranged in the vertical
direction and in the lateral direction, the no-flow region increase problem occurs more notably if the
number of tubes arranged in the vertical direction is larger than that in the lateral direction. 



[0013]        Then, the wet surface reduction problem is a problem that the liquid film does not cover the
entire surface of a heat exchanger tube 21 but covers only a part of the surface. If each heat
exchanger tube 21 receives a droplet at a position thereof in the plumb line (from right above), the
liquid film Ds is formed on both the right and left sides of the heat exchanger tube 21 as illustrated in
Fig. 18. However, if the droplet is slightly displaced, the liquid film Ds is formed on only one side as
illustrated in Fig. 19. In the case illustrated in Fig. 19, the liquid film Ds is reduced to about 35%
whereas about 65% of the total is not covered with the liquid film Ds. If the droplet grazes the heat
exchanger tube 12 very slightly, in particular, the liquid film Ds is reduced to about 25% of  the total
whereas about 75% of the total is not covered with the liquid film Ds. In the case of the staggered
arrangement, this problem especially occurs even if the inclination is not large. [0014]        Hence, if
the inclination of the apparatus is about 20 degrees or smaller, and if the interval between the heat
exchanger tubes 21 has a certain distance, it can be said that the non-staggered arrangement can
easily avoid the bypass problem and the no-flow region increase problem. In the case of the
non-staggered arrangement, however, it is considered that, due to the wet surface reduction problem,
the apparatus can exert only 50% or less of its full performance with a somewhat large inclination
large, or only about 35% thereof with an inclination at about 20 degrees. [ 0015]      Ontheotherhand, in
the case of the staggered arrangement, it is important to arrange the heat exchanger tubes at
horizontal intervals of about 2 mm or less in order to prevent a phenomenon in which the bypass
problem occurs in the even-numbered arrays even when the inclination is not large. Even if such
spacing is realized, it is considered that, due to a reduction in the heat exchange area due to the
no-flow region increase problem and a reduction in the heat exchange area due to the wet surface
reduction problem, the apparatus can exert only about 30% of the full performance if the heat
exchanger tube bank includes the same number of heat exchanger tubes arranged in the vertical
direction and in the lateral direction, or exert much poorer performance if the number of tubes
arranged in the vertical direction is larger than that in the lateral  



direction. PRIOR ART DOCUMENT PATENT DOCUMENT [0016]        Patent Document 1:
International Patent Application Publication No. W098/41798        Patent Document 2: Japanese
Patent Application Publication No. 2005-207620        Patent Document 3: Japanese Patent Application
Publication No. Hei 11-108501 SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED BY THE
INVENTION 



[0017]        The present invention has been made in view of the foregoing circumstances, and has an
objective to provide a falling film heat exchanger and an absorption refrigeration system which are
each installed in a ship, an offshore structure, an underwater offshore structure or the like, and can
avoid reduction in heat exchange performance, even when the ship or the like inclines or swings, by
substantially evenly distributing and dropping a liquid such as a coolant or absorber onto the crests of
the heat exchanger tubes and causing the liquid dropped from the heat exchanger tubes located in an
upper array to surely fall onto the heat exchanger tubes located in a next lower array, and also to
provide a ship, an offshore structure and an underwater offshore structure. [0018]        In short, the
objective of the present invention is to provide a falling film heat exchanger and an absorption
refrigeration system which are each installable in a ship, an  offshore structure, an underwater offshore
structure, or the like, and to provide a ship, an offshore structure and an underwater offshore structure
equipped with any of them. [0019]         Moreover, another objective of the present invention is to
provide a falling film heat exchanger and an absorption refrigeration system involving neither
size-increase nor increase in high-end components needing maintenance, as compared with usual
ones installed on land. MEANS FOR SOLVING THE PROBLEM [0020] 



In order to achieve the foregoing objectives, a falling film heat exchanger of the present invention
includes heat exchanger tubes each arranged substantially horizontally, and is configured such that: a
plurality of heat exchanger tubes are aligned in arrays spaced in a vertical direction; a guide plate
having depressed portions is provided between an array of heat exchanger tubes arranged side by
side in a horizontal direction and a next lower array of heat exchanger tubes arranged side by side in
the horizontal direction, and is positioned with lowest parts of the depressed portions disposed near
crest portions of the respective lower heat exchanger tubes, the lowest parts of the depressed portions
of the guide plate are provided with flow-down holes for allowing liquid droplets to flow down onto the
crests of the heat exchanger tubes; and thereby the guide plate is configured to convey the liquid
flowing down on outer surfaces of the respective upper heat exchanger tubes onto the lower heat
exchanger tubes having one-to-one correspondences to the upper heat exchanger tubes even when
an inclination within a predetermined angle range set  in advance occurs in a plane perpendicular to
tube axes of the heat exchanger tubes. With this configuration, the liquid can be surely dropped onto
the crests of the heat exchanger tubes in the next lower array. [0021]        In the above falling film heat
exchanger, the lowest parts of the depressed portions of the guide plate are each formed in a left-right
symmetrical shape. This configuration enables the entire surfaces of the lower heat exchanger tubes
to be covered with liquid films by causing the liquid to flow down evenly onto the right and left sides of
the crest portion of the lower heat exchanger tubes in the cross sectional plane thereof. [0022]        In
the above falling film heat exchanger, the guide plate is formed of a folded or corrugated plate. The
guide plate with this configuration is very easy to produce. [ 0023]        In the above falling- film heat
exchanger, the guide plate is formed of any plate material selected from a mesh sheet, a grating, a
grid, and a louvered sheet in which small holes are opened with a diameter smaller than a natural
droplet diameter of the liquid to be dropped. The guide plate with this configuration can be produced
very easily by processing an existing commercially available product only with small work. [0024] 



In the above falling film heat exchanger, the guide plate is provided with a louver or a relief structure
having a ridge substantially perpendicular to a valley line of each of the depressed portions of the
guide plate so as to prevent the  dropped liquid from moving, over the guide plate, along the valley line
of the depressed portion of the guide plate. This relief structure is formed by embossing or wrinkle
processing. In this configuration, the relief structure can prevent the liquid from flowing along the valley
fold line, and thereby the liquid can be dropped evenly in the longitudinal direction of the heat
exchanger tubes. [0025]        In the above falling film heat exchanger, the flow-down holes are formed
in right and left sides of the lowest part of each of the depressed portions by making cuts in any shape
selected from a half circle, a U shape, a V shape, a block-U shape, a nail shape, and a nail shape with
crack tip, each of which has both end points located on almost the center line of the lowest part, and
then by making a valley fold at the lowest part while causing protrusions formed by the cuts to jut
downward from the depressed portion, and the protrusion of an inclined surface to the left of a valley
fold line of the lowest part is configured to forma slope continuously extended to the right beyond the
valley fold line, and the protrusion of an inclined surface to the right of the valley fold line is configured
to form a slope continuously extended to the left beyond the valley fold line. If burrs are generated in
the cut-out surfaces of the cuts, the burrs are left sticking out on the upper side on the depressed
portion. The burrs in the cut-out surfaces of the cuts are warpage generated when the cuts are made
by punching or the like, and are also called flashes. [0026]        With this configuration, even when the
heat exchanger inclines in the right-left direction of the heat exchanger tubes,  the protrusions
(tongues) formed by the cuts serve as guides to the crest portions in the plumb lines of the heat
exchanger tubes in the lower array, and the burrs guide the liquid to the protrusions (tongues) while
preventing the liquid from falling into the holes formed by the cuts before the liquid reaches the valley
fold line. Thus, even when an inclination occurs, the liquid can be dropped evenly on the right and left
sides of each heat exchanger tube in the lower array. [ 0027] 



In the above falling film heat exchanger, the depressed portions of the guide plate are in contact with
the crest portions of the lower heat exchanger tubes. This configuration enables the liquid to surely
flow down onto the lower heat exchanger tubes from the upper heat exchanger tubes, respectively,
and moreover enables the entire surfaces of the lower heat exchanger tubes with liquid films in the
cross sectional plane thereof. In addition, since heat conduction occurs between the guide plate and
the heat exchanger tubes, the guide plate can also function as a heat dissipater or absorber fin
provided to the heat exchanger tubes. Incidentally, if the guide plate and the heat exchanger tubes are
made of different kinds of metals and therefore corrosion due to a potential difference needs to be
prevented, an insulating heat dissipater sheet made of, for example, a silicon material filled with a
ceramic filler or any other material may be inserted between the guide plate and the heat exchanger
tubes. [0028]        In addition, an absorption refrigeration system of the present invention for achieving
the foregoing objectives  includes the above falling film heat exchanger.This configuration allows the
absorption refrigeration system to producethesimilarorsameeffectsasthoseoftheabovefalling film heat
exchanger. [0029]        Further, a ship of the present invention for achieving the foregoing objectives is
equipped with the above falling film heat exchanger or the above absorption refrigeration system. This
configuration allows the ship to produce the similar or same effects as those of the above falling film
heat exchanger. Moreover, if the above falling film heat exchanger or the above absorption
refrigeration system is installed such that the axial direction of the heat exchanger tubes is
almost-exactly aligned with the ship longitudinal direction (the fore-and-aft direction of the hull, i.e., roll
axis direction), the influence by a sideways inclination (heel) and a sideways swing (roll) can be made
small. [0030] 



Furthermore, an offshore structure and an underwater offshore structure ship of the present invention
for achieving the foregoing objectives are equipped with the above falling film heat exchanger or the
above absorption refrigeration system. Here, if the offshore structure or the underwater offshore
structure has a ship-like shape, preferable installation is such that the axial direction of the heat
exchanger tubes is substantially-exactly aligned with the ship longitudinal direction (the fore-and-aft
direction of the hull, i.e., roll axis direction). This configuration can produce the similar or same effects
as those of the above falling film heat exchanger, the above absorption refrigeration system, and the
above ship. [ 0031]        Here, the ship is a structure sailing on the sea with propulsion means, and the
offshore structure is a structure on the sea without having driving means. In addition, the underwater
offshore structure is a structure, such as an underwater sailing body, a submarine and an underwater
base, which is capable of sailing underwater or which is used under water. EFFECTS OF THE
INVENTION [0032]        As has been described above, according to the falling film heat exchanger and
the absorption refrigerator system as well as the ship, the offshore structure and the underwater
offshore structure in the present invention, even when the ship or the like inclines or swings, the guide
plates in the falling film heat exchanger surely drop a liquid onto the crests of heat exchanger tubes,
thereby enable the liquid dropped from the heat exchanger tubes located in the upper array to surely
fall on the surfaces of the heat exchanger tubes located in the lower arrays, and thereby can avoid the
reduction in heat exchange performance. BRIEF DESCRIPTION OF THE DRAWINGS 



[0033] [Fig. 1]Fig. 1 is a perspective view illustrating a schematic configuration of a liquid distributor of
a falling film heat exchanger of an embodiment according to the present invention. [Fig. 2]Fig. 2 is a
front view illustrating the schematic configuration of the liquid distributor of the falling film heat
exchanger of the embodiment according to the present invention. [Fig. 3] Fig. 3 is a side view
illustrating the schematic configuration of a bank of heat exchanger tubes of the falling film heat
exchanger of the embodiment according to the present invention. [Fig. 4]Fig. 4 is a front view
illustrating schematic configurations of an evaporator (left half side) and an absorber (right half side) of
an absorption refrigeration system of an embodiment according to the present invention. 



[Fig. 5]Fig. 5 is a view illustrating a schematic configuration of guide plates and heat exchanger tubes
in a non-staggered arrangement. [Fig. 6]Fig. 6 is a view illustrating a schematic configuration of guide
plates and heat exchanger tubes in a staggered arrangement. [Fig. 7]Fig. 7 is an enlarged view of
depressed portions of a guide plate in Fig. 6. Fig. 8]Fig. 8 is a plan view illustrating a plate material in
the process of manufacturing a guide plate. [Fig. 9]Fig. 9 is a perspective view illustrating the plate 



material for the guide plate in Fig. 8 in a folded state. [Fig. 10]Fig. 10 is a view illustrating a positional
relationship between protrusions of the guide plate in Fig. 9 and heat exchanger tubes in a case where
no inclination occurs. [Fig. 11]Fig. 11 is a view illustrating a positional relationship between the
protrusions of the guide plate and the heat exchanger tubes in Fig. 10 in a case where an inclination
occurs. [Fig. 12]Fig. 12 is a perspective view illustrating a relationship between heat exchanger tubes
and a guide plate in  a case where the guide plate is formed of a grating. [Fig. 13]Fig. 13 is a view for
explaining a bypass problem 



of a bank of heat exchanger tubes in a staggered arrangement in a falling film heat exchanger. [Fig.
14]Fig. 14 is a view for explaining the bypass problem of a bank of heat exchanger tubes in a
non-staggered arrangement in a falling film heat exchanger in the case where no inclination occurs.
[Fig. 15]Fig. 15 is a view for explaining the bypass problem of a bank of heat exchanger tubes in a
staggered arrangement in a falling film heat exchanger in the case where an inclination occurs. [Fig.
16]Fig. 16 is a view for explaining a no-flow region increase problem of a bank of heat exchanger
tubes in a non-staggered arrangement in a falling film heat exchanger in the case where an inclination
occurs. [Fig. 17]Fig. 17 is a view for explaining the no-flow region increase problem of a bank of heat
exchanger tubes in a staggered arrangement in a falling film heat exchanger in the case where an
inclination occurs. 



[Fig. 18]Fig. 18 is a view for explaining a wet surface reduction problem of a heat exchanger tube in a
falling film heat exchanger in the case where a liquid is dropped onto a crest. [Fig. 19] Fig. 19 is a view
for explaining the wet surface reduction problem of the heat exchanger tube in the falling film heat
exchanger in the case where a liquid is dropped onto a place off the crest. MODES FOR CARRYING
OUT THE INVENTION [0034] Hereinafter, description is provided for a falling film  heat exchanger and
an absorption refrigerator system, as well as a ship, an offshore structure, and an underwater offshore
structure of embodiments according to the present invention. In the description of the embodiments, a
falling film heat exchanger and an absorption refrigerator system are explained as those installable on
any of a ship, an offshore structure, and an underwater offshore structure (hereinafter referred to as a
ship or the like), but it is not necessary to limit the present invention to a falling film heat exchanger
and an absorption refrigerator system installed on a ship or the like. The present invention may include
a falling film heat exchanger and an absorption refrigerator system installed on any other land-based
facilities. [0035]        Here, an absorption refrigeration system in an embodiment according to the
present invention includes a falling film heat exchanger 20 of the following embodiment according to
the present invention, whereas a ship, an offshore structure and an underwater offshore structure of
embodiments according to the present invention include a falling film heat exchanger 20 of the
following embodiment according to the present invention or an absorption refrigerator of the following
embodiment according to the present invention. It should be noted that the absorption refrigeration
system of this embodiment is explained by taking as an example an absorption refrigerator using
lithium bromide as an absorber and water as a coolant. [0036] 



The falling film heat exchanger of the embodiment according to the present invention is a falling film
heat exchanger capable of withstanding a swing motion in a tube axial  direction of the heat exchanger
tubes and a swing motion in a plane perpendicular to the tube axes so that the heat exchanger can be
installed on a ship or the like. As illustratedinFigs. 1 and 2, the falling film heat exchanger includes a
liquid distributor 10 configured to distribute a liquid D over the outer surfaces of heat exchanger tubes
21 distributed within a wide area when viewed from above. [0037]        In the case where the falling
film heat exchanger is installed in a ship or the like, the falling film heat exchanger is arranged with an
axial direction of the heat exchanger tubes 21 aligned with a ship longitudinal direction (fore-and-aft
direction) of the ship or the like, because an angle of pitch (that is an up and down motion of the stem
and stern of the ship) is smaller than an angle of roll (that is an up and down motion of the port and
starboard of the ship), in general. In other words, the falling film heat exchanger is arranged such that
a rotation around the tube axis of the heat exchanger tube 21 can be made in the same direction as
the roll of the ship, the offshore structure, or the underwater offshore structure. [0038]        This liquid
distributor 10 includes a distribution tank 11, dischargers 12, first distribution passages 13, and second
distribution passages 14A, 14B. The distribution tank 11 receives and temporarily reserves a liquid to
be supplied to the surfaces of the heat exchanger tubes 21. The dischargers 12 are for discharging the
liquid D evenly from the distribution tank 11, and are provided in plurality with the same fluid
resistance. The liquid D flowing inside the dischargers 12 is exposed to an ambient pressure inside the
heat exchanger at  outlets of the dischargers 12. The first distribution passages 13 receive the liquid D
discharged from the dischargers 12 and discharge the liquid D to the second distribution passages
14A, 140 from their respective end portions. At least a main part of each first distribution passage 13 is
arranged along a longitudinal direction of an area over which the heat exchanger tubes 21 are
distributed, or instead if the area is square, in a direction of one side of the square, when viewed from
above. Each first distribution passage 13 is assigned an area that is one of sub-sections obtained by
dividing the above distribution area in the longitudinal direction. In addition, the first distribution
passage 13 may be also assigned an area that is one of sub-sections obtained by dividing the
distribution area in the short-side direction, or in the direction of another side of the square if the area
is square. Here, a tip end of the first distribution passage 13 may be folded in an L shape, for example,
such that the liquid maybe discharged from the first distribution passage 13 to the second distribution
passage 14A, 140 without overflowing. [0039] 



The second distribution passages 14A, 140 are configured to receive the liquid D from the first
distribution passages 13 and to guide the liquid D from many distribution holes 14a provided in their
bottom potions to a tray 15 in areas Ai assigned to the second distribution passages 14A, 14B. The
first distribution passages 13 and the second distribution passages 14A, 140 are each formed to be
long and open on the top side and to have a cross section in a recessed shape. [ 0040] The second
distribution passages 14A, 140 are provided  to cross the tray 15 that receives the liquid D discharged
from the end portions of the first distribution passages 13 or to cross the main parts of the first
distribution passages 13 when viewed from above (at right angles in this embodiments). In addition,
the tray 15 or the second distribution passages 14A, 143 are provided with distribution holes 14b, so
that the liquid D is distributed from the distribution holes 14b within an area assigned to each first
distribution passage 13 and then is dropped onto the heat exchanger tubes 21. [0041]        For
example, the first distribution passages 13 are aligned to extend in the longitudinal direction of the heat
exchanger tubes 12, whereas the second distribution passages 14A, 143 are aligned to extend in a
direction orthogonal to the longitudinal direction of the heat exchanger tubes 21. In other words, the
first distribution passages 13 are arranged along the fore-and-aft direction of the ship or the like, and
the second distribution passages 14A, 143 are arranged along the right-and-left direction of the ship or
the like. Moreover, the first distribution passages 13 are each formed with a downslope in a range of 5
degrees to 45 degrees, both inclusive, where the first distribution passage 13 becomes lower toward
its tip end side. In addition, each of the second distribution passages 14A, 143 may be also formed
with a downslope where the second distribution passage 14A, 143 becomes lower toward its tip end
side. [0042]        In the case where the falling film heat exchanger is installed on the ship or the like,
the falling film heat exchanger is arranged with the longitudinal direction of the 



heat exchanger tubes 21 aligned with the fore-and-aft direction of the hull. In this case, if the first
distribution passages 13 are arranged to extend in the longitudinal direction of the heat exchanger
tubes 21, the slope only has to overcome forward and backward motions of the hull. For instance, in
order to overcome a fore-and-aft inclination at 5 degrees, in total, resulting from a 2-degree hull trim
(static inclination in the fore-and-aft direction) and a 3-degree pitching (dynamic rotational motion in
the fore-and-aft direction), the passages are provided with the downslope at an angle larger than the
fore-and-aft inclination, for example, about 8 degrees. With this setting, the necessary downslope can
be secured always. In the case where the passages are formed of channel-shaped gutters, the walls
of the channels need to be high enough to prevent overflow of the liquid D even under a roll (dynamic
rotational motion in a sideways direction) of the hull at about 20 degrees. [0043]        If the first
distribution passages 13 are provided with a downslope at an angle larger than a total inclination angle
of the hull trim and the longitudinal swing (pitch) which the ship or the like is expected to have when
the falling film heat exchanger is in operation, the liquid D flowing inside the first distribution passages
13 can be discharged to the second distribution passages 14A, 143 without flowing back in the reverse
direction. [0044]        Moreover, the distribution tank 11 is disposed around the center in the
longitudinal direction of the heat exchanger tubes 21. With this configuration, the height necessary for
the  downslope of the first distribution passages 13 can be made low. [ 0045]        In addition, the
dischargers 12 are formed of stub pipes with the same shape. The structure of an outlet portion from
the distribution tank 11 maybe a simple opening hole. However, if the dischargers 12 are provided with
discharge resistance at a certain degree, the distribution tank 11 can always keep the liquid surface
thereinside higher in level than all the dischargers 12, and thereby the dischargers 12 can discharge
an equal amount of liquid D. Thus, it is preferable to provide the dischargers 12 with discharge
resistance at a certain degree, and also to make the dischargers 12 uniform accurately with the same
level of discharge resistance. For these reasons, the dischargers 12 are preferably formed of stub
pipes having the same diameter and length. 



[0046]        In addition, when the liquid distributor 10 and the falling film heat exchanger including the
liquid distributor 10 are inclined, a liquid pressure applied to the dischargers 12 under the inclination
may vary among the dischargers 12 and the discharge amounts from the dischargers 12 may vary
from each other. In order to present this, the dischargers 12 are arranged at the same height level and
spaced at the smallest possible horizontal intervals. [ 0047]        Additionally, the first distribution
passages 13, the second distribution passages 14A, 14B and the like following the dischargers 12 are
different from each other in flow resistance or the like due to a difference in passage length. If the
dischargers 12 are formed of stub pipes, it is preferable  not to form close passages communicating
with the stub pipes, but to release the liquid D discharged from the stub pipes under an ambient
pressure inside the heat exchanger before entering the first distribution passages 13 in order to
prevent the difference in flow resistance or the like from affecting the amounts of liquid D discharged
from the stub pipes. [00481        The first distribution passages 13 are each configured to be assigned
one of areas Ai into which the total region is divided in the longitudinal direction, e.g., an area Al
around the front ends of the heat exchanger tubes, or an area A2 somewhat behind the area Al. [
0049] 



The heat exchanger tubes 21 are also distributed widely in a cross-wise direction of the hull, the total
region is also divided in the cross-wise direction into assignment areas Aij. For example, out of the first
distribution passages 13 extending for the longest distance on the left side of Fig. 1, a first distribution
passage 13 located in front is assigned the right half of the area around the front ends of the heat
exchanger tubes 21, whereas the neighboring first distribution passage 13 located behind is assigned
the left half of the area around the front ends of the heat exchanger tubes 21. In this case, the second
distribution passages 14A, 14B, which are gutters for receiving the liquid D from the first distribution
passages 13 and distributing the liquid D in the lateral direction are provided with a partition plate 14b
by which the passages 14A, 14B are partitioned into the left half and the right half, and the first
distribution passages 13 each cause the liquid D to flow into only the right section or the left section of
the second  distribution passages 14A, 143. [ 0050)        Figs. 3 and 4 are views illustrating an
arrangement of the heat exchanger tubes 21 in the falling film heat exchanger 20. The heat exchanger
tubes 21 are arrayed under the tray 15 of the liquid distributor 10 and are structured such that the
longitudinal direction of the first distribution passages 13 of the liquid distributor 10 is parallel with the
longitudinal direction of the heat exchanger tubes 21 and that the longitudinal direction of the second
distribution passages 14A, 143 is aligned with the right-and-left direction of the heat exchanger tubes
21. [ 0051]        As illustrated in Fig. 3, in the falling film heat exchanger 20, the heat exchanger tubes
21 are held by tube sheets (tube plates) 23, 24, and arranged in parallel with each other in a horizontal
direction and in a vertical direction. Moreover, as for upper and lower neighboring arrays of heat
exchanger tubes 21, a guide plate 22A (or 223) is arranged between the upper array of the heat
exchanger tubes 21 and the lower array of the heat exchanger tubes 21. [0052]        Moreover, as
illustrated in Figs. 3 and 4, the bottom section of the falling film heat exchanger 20 collects the liquid D
and is provided with partition plates 25, illustrated in Fig. 3, for preventing wild fluctuation of a liquid
surface to avoid sloshing. In addition, in order to collect the liquid D without causing liquid breaks even
under swing motions, it is preferable that each bottom portion 26 be inclined at an angle larger than an
expected inclination angle and be provided with 



outlets (not illustrated) at its lowest part. The inclination angles are set in consideration of the sum of
the fore-and-aft inclination (trim) and the fore-and-aft swing (pitch) in Fig.  3, and in consideration of
the sum of the sideways inclination (heel) and the sideways swing (roll) in Fig. 4. [0053]        Further, in
the absorption refrigerator 30, a falling film heat exchanger 20A to function as an evaporator and a
falling film heat exchanger 203 to function as an absorber may be provided integrally with each other,
as illustrated in Fig.  4, for example. In this case, for the purpose of preventing two different liquids Da
and Db in bottom portions 26A, 263 from mixing with each other, it is desirable to provide parapets 28
to liquid reservoirs 27A, 273, respectively, and to provide a coolant-absorber separation louver 29 in
an upper border portion between the evaporator and the absorber. [0054] 



Next, with reference to Figs. 3 to 11, description is provided below for the guide plate 22A, 223, which
is one of the features of the present invention, provided between upper and lower arrays of heat
exchanger tubes 21, and for a relationship between the guide plate 22A, 22B and upper and lower
heat exchanger tubes 21. [0055)        In view of improvement in heat exchange efficiency, what is
important for the heat exchanger tubes 21 is that an equal amount of liquid D evenly flows down onto
every heat exchanger tube 21. For this reason, it is necessary to avoid a phenomenon in which the
liquid D flows down from one heat exchanger tube 21 in an upper array onto two heat exchange tubes
21 in the lower  array, or reversely the liquid D from two heat exchanger tubes 21 in the upper array
flows down together onto one heat exchanger tube 21 in the lower array. [00561        To this end, it is
important to build a configuration in which upper and lower heat exchanger tubes 21 where the liquid D
flows down have such one-to-one correspondence that the liquid D always flows down onto the same
heat exchanger tubes 21 even when a ship or the like equipped with the falling film heat exchanger
inclines sideways (heels) and swings sideways (rolls) in the right-and-left direction. This can be
achieved in a way that the following guide plate 22A, 22B having an appropriate level of transmission
properties to the liquid D is arranged between the upper and lower arrays of the heat exchanger tubes
21. [0057]        The heat exchanger tubes 21 are each arranged substantially horizontally and form an
array in the same horizontal plane. Then, the arrays of heat exchanger tubes 21 in the horizontal
planes are stacked on top of another in the vertical direction as illustrated in Figs. 3 and 4. Then, as
illustrated in Figs. 5 and 6, a plurality of heat exchanger tubes 21 are arranged in arrays spaced in the
vertical direction, and a guide plate 22A, 22B having depressed portions 22a is arranged between an
array of heat exchanger tubes 21 arranged side by side in the horizontal direction and the next lower
array of heat exchanger tubes 21 arranged side by side in the horizontal direction. More specifically,
the guide plate 22A, 22B is arranged such that the lowest parts of the depressed portions (valley
portions) 22a are disposed near the respective crest 



portions of the lower heat exchanger tubes 21.Fig. 5 illustrates a case where the heat exchanger tubes
21 are arrayed in a non-staggered arrangement, and Fig. 6 illustrates a case where the heat
exchanger tubes 21 are arrayed in a staggered arrangement. [0058]        Moreover, the lowest part of
each depressed portion 22a in he guide plate 22A, 223 is provided with flow-down holes 22b for
allowing liquid droplets to flow down onto the crest of the corresponding heat exchanger tube 21. The
guide plate 22A, 228 is configured such that the liquid D flowing down from the surfaces of the upper
heat exchanger tubes 21 can be conveyed to the heat exchanger tubes 21 in the lower array having
one-to-one correspondences to the heat exchanger tubes 21 in the upper array even under a condition
in which an inclination (sideways inclination (heel) + sideways swing (roll)) occurs at an inclination
angle p within a predetermined angle range pa set in advance in a plane perpendicular to the tube
axes of the heat exchanger tubes 21. [0059]        In order to make the upper and lower heat exchanger
tubes 21 correspond to each other on the one-to-one basis, the guide plate 22A may be formed of a
symmetrically-shaped corrugated plate or folded plate as illustrated in Fig. 6, in the case where the
upper and lower arrays of heat exchanger tubes 21 are aligned with each other when viewed in the
vertical direction. Instead, in the case of the staggered arrangement, the upper and lower heat
exchanger tubes 21 can be made to correspond to each other on the one-to-one basis by using the
guide plate 22A formed of an asymmetrically-shaped corrugated plate or folded plate as  illustrated in
Fig. 7. In the case of the staggered arrangement, in particular, the plate material of each of the tube
sheets (tube plates) 23, 24 illustrated in Fig. 3 can have a larger width for supporting a surface
surrounded by the heat exchanger tubes 21 (a distance between the heat exchanger tubes 21) than in
the case of the non-staggered arrangement, and thus the strength of the tube sheets (tube plates) 23,
24, for example, the anti-slosh properties for the liquid D can be enhanced. [ 0060] 



In addition, the guide plate 22A, 223 is arranged with the depressed portions 22a of the guide plate
22A, 223 being in contact with the crest portions of the lower heat exchanger tubes 21, so that the
liquid D can surely flow down from the upper heat exchanger tubes 21 to the lower heat exchanger
tubes 21; the entire surfaces of the lower heat exchanger tubes 21 can be covered with the liquid films
in the cross sectional plane; and the guide plate 22A, 223 can function as a heat dissipater or absorber
fin provided to the heat exchanger tubes 21 by causing heat exchange between the guide plate 22A,
223 and the heat exchanger tubes 21. If the guide plate 22A, 223 and the heat exchanger tubes 21 are
made of different kinds of metals, and therefore corrosion due to a potential difference needs to be
prevented, an insulating heat dissipater sheet made of, for example, a silicon material filled with a
ceramic filler or any other material may be inserted between the guide plate 22A, 223 and the heat
exchanger tubes 21. [ 0061]        In this guide plate 22A, 223, the flow-down holes 22b may be opened
only near the depressed portions 22a or over the entire plate. In the case where the flow-down holes
22b are opened  over the entire plate, the guide plate 22A, 223 needs to have the flow-down holes 22b
opened with a diameter smaller than a droplet diameter D or needs to be a louvered sheet providing a
sufficiently poor line-of-sight when viewed from the upper heat exchanger tubes 21, in order not to
allow the liquid D dropped from the upper heat exchanger tubes 21 to pass through the guide plate
22A, 226 with an inclination. 0062]        In the case where the heat exchanger tubes 21 are used to
generate or absorb a gas at their surfaces, the guide plate 22A, 226 preferably has sufficient gas
permeability secured so as not to block the passage of the gas. In addition, since the generation and
absorption processes of the gas proceed not only on the surfaces of the heat exchanger tubes 21 but
also on the surface of the guide plate 22A, 223, the guide plate 22A, 223 and the heat exchanger
tubes 21 immediately below the guide plate 22A, 223 are arranged in contact with each other so as to
exchange heat therebetween. (0063]         Moreover, ifalong residence time of the liquidDdropping
from above needs to be secured, the guide plate 22A, 223 and the heat exchanger tube 21
immediately above the guide plate 22A, 223 are spaced at an interval larger than a droplet diameter
level because the liquid D is desired to drop from the heat exchanger tubes 21 onto the guide plate
22A, 223 below them without flowing down due to the surface tension or the capillary attraction. 



[00641        In addition, as illustrated in Fig. 8, the lowest part of each of the depressed portions 22a of
the guide plate 22A,  22B is formed in such a left-right symmetrical shape that, in the cross sectional
plane, the liquid D can flow down evenly on the right and the left of the crest portion of each lower heat
exchanger tube and can cover the entire surface of the lower heat exchanger tube with its liquid film.
[0065]        This guide plate 22A, 22B can be formed by using any plate material selected from a mesh
sheet, a grating, a grid, and a louvered sheet in which small holes are opened with a diameter smaller
than the natural droplet diameter of the liquid D to be dropped, and by corrugating or folding the plate
material. [ 0066]        In addition, as illustrated in Fig. 8, the flow-down holes 22b are formed in the right
and left sides of the lowest part of the depressed portion 22a by making cuts in any shape selected
from a half circle, a U shape, a V shape, a block-U shape, a nail shape, and a nail shape with crack
tip, which has both end points located on almost the center line of the lowest part, and then by making
a valley fold at the lowest part. More specifically, a plate material is set to be folded alternately by
mountain folds and valley folds to be a corrugated plate or a folded plate. A guide plate 22C as
illustrated in Fig. 9 is formed by making cuts 22d in a half circle shape, a U shape, a V shape, a
block-U shape, a nail shape, a nail shape with crack tip or the like in the valley fold parts, and by
causing protrusions (nail portions or tongue portions) 22c to jut out from the valley fold parts when the
valley folds are made. As a result, some of the protrusions 22c form slopes in which an inclined
surface to the left of the valley fold part extends to the right of the valley fold part and the other some
protrusions 22c form slopes in which an inclined surface to the right of the valley fold part extends to
the left of the valley fold part. Here, the cuts 22d for forming the protrusions 22c are made by press
shearing, and are formed such that "burrs (flashes)" generated by the shearing are left sticking out on
the upper surface of the guide plate 22C (the ins4 de of the valley portion). 



[0067]        Note that this "burr" is a fine rough edge generated on a cut surface of a thin metal plate
when the plate is cut by scissors, for example, and is also called a flash. Moreover, in a plan view in
Fig. 8, fine punch holes (not illustrated) are preferably opened, and also in this case, are formed such
that their burrs generated by the punching are left sticking out on the upper surface of the guide plate
220. [00681        The liquid droplets ID flowing down from the heat exchanger tubes 21 in the upper
array are received on the mountain fold parts of the guide plate 220 and are guided to the depressed
portions 22a of the valley fold parts by an inclination of the inclined surface, wetting or capillary
attraction. In this event, the liquid D dropped on the left inclined surface because of a leftward
inclination around the tube axis of the heat exchanger tube 21, for example, is blocked around the
flow-down holes 22b by the "burrs" sticking out on the upper surface of the guide plate 220, thereby
flows down around the flow-down holes 22b while being guided to the protrusions 22c, and then flows
on the slopes of the protrusions 22c down to the slightly right of the valley fold, where the liquid 0 is
dropped and moved to the heat exchanger tube 21 in the lower array. In the same  manner, the liquid
D dropped on the right inclined surface is guided around the "burrs" down to the slightly left of the
valley folds, where the liquid D is dropped and moved to the heat exchanger tube 21 in the lower
array. This produces an effect of causing the liquid to flow down around a position in the plumb line of
the heat exchanger tube 21 immediately below, as illustrated in Fig. 11, even in the case where an
inclination around the tube axis of the heat exchanger tube 21 occurs. It should be noted that it is
preferable to prevent the dropped liquid D from passing through the guide plate 220 to the back
surface (lower surface) thereof until the liquid D reaches the protrusions 22c near the valley folds. For
this purpose, it is preferable that the "burrs" of the punch holes (not illustrated) in the flat surface
portion stick out on the upper surface. [ 00691        In this method, as illustrated in Fig. 11, both the
right and left sides of the outer surface of the heat exchanger tube 21 in the lower array are expected
to be utilized more surely even when an inclination occurs more or less. Moreover, as illustrated in Fig.
10, when the protrusions 22 of the guide plate 220 are in contact with the heat exchanger tubes 21 in
the lower array, the guide plate 220 stably stays on the heat exchanger tubes 21 in the lower array,
and also makes heat transfer through heat conduction by utilizing the increased contact area. Thus,
heat transfer is surely made from the guide plate 220 to the heat exchanger tubes 21. [0070] 



In addition, the right sides of Figs. 8 and 9 illustrate an example where the plate material 220 is
protruded by  processing to have ridges 22e orthogonal to the valley line. Specifically, the plate
material 220 is provided with V-shaped cuts 22d and the ridges 22e of mountain folds for the purposes
of more actively guiding the liquid D to the protrusions 22c, and for preventing the liquid movement in a
direction parallel to the valley line, in other words, preventing the liquid D from moving along the valley
line, when an inclination occurs. [0071]        In addition, as illustrated in Fig. 12, in the case where a
guide plate 22D is formed by using a grating 22g in which metal materials are interlocked in a lattice
form, a grating may be used in which flat bars 22ga are arranged parallel to each other and rod
members 22gb are arranged between and joined to portions near the base sides of the flat bars 22ga.
In this case, the guide plate 22D can be formed by press working to corrugate the grating 22g in such
a wave form that an interval Li between the flat bars 22ga in the grating 22g in the folded state can be
equal to an interval L2 between the heat exchanger tubes 21. Incidentally, the interval Li between the
flat bars 22ga in the grating 22g in the folded state maybe set to half of the lateral interval L2 between
the heat exchanger tubes 21 and alternate ones of the flat bars 22ga, which come to the lower side,
may be arranged on top of the crest portions of the heat exchanger tubes 21. [0072]        According to
the falling film heat exchanger 20, the absorption refrigerator system 30, and the ship, the offshore
structure and the underwater offshore structure described above, the liquid distributor 10 in the falling
film heat exchanger 20 distributes a liquid D such as a coolant or an absorber evenly,  and drops the
liquid D onto the crests of the heat exchanger tubes 21, even when the ship or the like inclines or
swings. Thus, the liquid D dropped from the heat exchanger tubes 21 located in the upper array can
surely fall onto the surfaces of the heat exchanger tubes 21 located in the lower array, which makes it
possible to avoid deterioration of heat exchange efficiency. 



[0073]        With the configuration of the liquid distributor 10, in particular, the liquid D can be evenly
distributed over the tray 15 and dropped onto the heat exchanger tubes 21. In addition, the liquid D
can be distributed over a wide horizontal plane. Moreover, even under an inclination at 45 degrees in
the longitudinal direction of the heat exchanger tubes 21, the liquid D can be continuously supplied to
the heat exchanger tubes 21. Consequently, the falling film heat exchanger 20 can be installed on a
ship, an offshore structure and an underwater offshore structure. [0074]        Further, by the
arrangement of the guide plate 22A, 223, 225 having portions depressed from the upper side, the
liquid D flowing down on the outer surfaces of the respective upper heat exchanger tubes 21 are
conveyed onto the lower heat exchanger tubes 21 having the one-to-one correspondences to the
upper heat exchanger tubes 21 even if there occurs an inclination within a predetermined angle range
set in advance in a plane perpendicular to the tube axes of the heat exchanger tubes 21. Thus, the
liquid D can be surely dropped onto the crests of the heat exchanger tubes 21 in the next lower array. [
0075]         Moreover, even in a heat exchanger tube bank arrangement where a larger number of heat
exchanger tubes are arrayed in the vertical direction than in the lateral direction, performance
deterioration due to an inclination in the plane perpendicular to the tube axes can be avoided and thus
an effect of reducing the layout area necessary for installation can be produced. Further, such heat
exchanger tube bank arrangement also produces an effect of allowing employment of simple
distribution in the lateral direction in the liquid distributor 10. [0076]        Still further, in the case where
the first distribution passages 13 and the second distribution passages 14A, 14B are provided with a
downslope, the disposition of the distribution tank 11 around the center of the heat exchanger tubes 21
in the longitudinal direction makes it possible to minimize the length of the downslope and thus to keep
the height of the whole apparatus low. Furthermore, the configuration including the dischargers 12
formed of stub pipes with the same shape equalizes the fluid resistance in discharging, so that the
amounts of liquid D discharged from the outlets of the stub pipes can be easily equalized to each
other. [0077] 



Then, an absorption refrigeration system 30 of an embodiment according to the present invention
includes the above falling film heat exchanger 20, and thereby can produce the similar or same effects
as those of the above falling film heat exchanger 20. [0078] n addition, a ship of an embodiment
according to the  present invention is equipped with the above falling film heat exchanger 20 or the
above absorption refrigeration system 10 such that the longitudinal direction of the distribution area of
the heat exchanger tubes or instead, if the area is square, the direction of one side of the square is
aligned with the ship longitudinal direction (the fore-and-aft direction of the hull, i.e., roll axis direction).
With this configuration, the ship can produce the similar or same effects as those of the above falling
film heat exchanger 20. ( 0079]        Furthermore, an offshore structure and an underwater offshore
structure of embodiments according to the present invention are equipped with the above falling film
heat exchanger 20 or the above absorption refrigeration system 10, and thereby can produce the
similar or same effects as those of the above falling film heat exchanger 20. Here, if the offshore
structure or the underwater offshore structure has a ship-like shape, preferable installation is such that
the longitudinal direction of the distribution area of the heat exchanger tubes or instead, if the area is
square, the direction of one side of the square is aligned with the ship longitudinal direction.
INDUSTRIAL APPLICABILITY [0080] 



According to a falling film heat exchanger, an absorption refrigerator system as well as a ship, an
offshore structure and an underwater offshore structure of the present invention, even when the ship
or the like inclines and swings, the guide plates in the falling film heat exchanger surely drop a liquid
onto the crests of heat exchanger tubes, thereby enable the  liquid dropped from the heat exchanger
tubes located in the upper array to surely fall on the surfaces of the heat exchanger tubes located in
the lower array, and hence can avoid the reduction in heat exchange performance. Thus, the invention
is applicable to all types of falling film heat exchangers, is widely usable in an absorber, an evaporator,
a distiller, a concentrator, and an absorption refrigeration system each using a falling film heat
exchanger, and is also broadly usable in a ship, an offshore structure and an underwater offshore
structure. EXPLANATION OF REFERENCE NUMERALS [ 0081] 10liquid distributor 11distribution
tank 12discharger 13first distribution passage 



14A, 14Bsecond distribution passage 14apartition plate 14bdistribution hole 15tray 20falling film heat
exchanger 20A evaporator 208absorber 21heat exchanger tube 22A, 228, 220, 22Dguide plate 



22adepressed portion (valley portion) 22bflow-down hole 22cprotrusion (nail portion, tongue portion)
22dcut 22eridge  22ggrating 22ga flat bar 22gb rod member 



23, 24tube plate 25partition plate 26, 26A, 26Bbottom portion 27A, 27Bliquid reservoir 28parapet
29coolant-absorber separation louver 30absorption refrigeration system D, Da, Dbliquid (liquid droplet)



CLAIMS [Claim 1]A falling film heat exchanger including heat exchanger tubes each arranged
substantially horizontally, characterized in that        a plurality of heat exchanger tubes are aligned in
arrays spaced in a vertical direction,        a guide plate having depressed portions is provided between
an array of heat exchanger tubes arranged side by side in a horizontal direction and a next lower array
of heat exchanger tubes arranged side by side in the horizontal direction, and is positioned with lowest
parts of the depressed portions disposed near crest portions of the respective lower heat exchanger
tubes,        the lowest parts of the depressed portions of the guide plate are provided with flow-down
holes for allowing liquid droplets to flow down onto the crests of the heat exchanger tubes, and thereby
the guide plate is configured to convey the liquid flowing down on outer surfaces of the respective
upper heat exchanger tubes onto the lower heat exchanger tubes having one-to-one correspondences
to the upper heat exchanger tubes even when an inclination within a predetermined angle range set in
advance occurs in a plane perpendicular to tube axes of the heat exchanger tubes. [Claim 2]The
falling film heat exchanger according to claim 1, characterized in that the lowest parts of the depressed
portions of the guide plate are each formed in a left-right symmetrical shape. 



[Claim 3]The falling film heat exchanger according to claim 1 or 2, characterized in that the guide plate
is formed of a folded or corrugated plate. [Claim 41The falling film heat exchanger according to any
one of claims 1 to 3, characterized in that the guide plate is formed of any plate material selected from
.a mesh sheet, a grating, a grid, and a louvered sheet in which small holes are opened with a diameter
smaller than a natural droplet diameter of the liquid to be dropped. [Claim 5]The falling film heat
exchanger according to any one of claims 1 to 4, characterized in that the guide plate is provided with
a louver or a relief structure having a ridge substantially perpendicular to a valley lines of each of the
depressed portions of the guide plate so as to prevent the dropped liquid from moving, over the guide
plate, along the valley line of the depressed portion of the guide plate. [Claim 61The falling film heat
exchanger according to any one of claims 1 to 5, characterized in that 



the flow-down holes are formed in right and left sides of the lowest part of each of the depressed
portions by making cuts in any shape selected from a half circle, a U shape, a V shape, a block-U
shape, a nail shape, and a nail shape with crack tip, each of which has both end points located on
almost the center line of the lowest part, and then by making a valley fold at the lowest part while
causing protrusions formed by the cuts to jut downward from the depressed portion, and the protrusion
of an inclined surface to the left of a  valley fold line of the lowest part is configured to form aslope
continuously extended to the right beyond the valley fold line, and the protrusion of an inclined surface
to the right of the valley fold line is configured to form a slope continuously extended to the left beyond
the valley fold line. [Claim 7]The falling film heat exchanger according to any one of claims 1 to 6,
characterized in that the depressed portions of the guide plate are in contact with the crest portions of
the lower heat exchanger tubes. [Claim 8]An absorption refrigeration system characterized in that
the system comprises the falling film heat exchanger according to any one of claims 1 to 7. 



[Claim 9]A ship characterized in that        the ship is equipped with the falling film heat exchanger
according to any one of claims 1 to 7 or the absorption refrigeration system according to claim 8.
[Claim 10] An offshore structure characterized in that        the offshore structure is equipped with the
falling film heat exchanger according to any one of claims 1 to 7 or the absorption refrigeration system
according to claim 8. [Claim 11] An underwater offshore structure characterized in that        the
underwater offshore structure is equipped with the falling film heat exchanger according to any one of
claims 1  to 7 or the absorption refrigeration system according to claim 8. 










