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
technologigs wigelyttsed 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
exchangerisialiéat éxchanger pravided Withta tubeShank formatEaumerdtis heal €kEManger tubes,

hrough eachof nhigh s (i or s ous aanaed notany .2 pdgonilrecion and

but also in a vertical direction. A second fluid (liquid) is dropped or spayed, for example, to flow down
onto the oler8Sufaeés afithelheat exchanger tubes in the uppermost array, so that the outer surfaces
of the heagftnj céﬂgger tubes are covered with the second fluid. Thereby, the first fluid and the second
fluid are causedto exchange heat. Then, the second fluid covering the outer surfaces of the heat

exchanger tubes imthat grrayds causee-to-flow dewnde dhe heat:exghangerdules in the next array
below these heat exchanger tubes. Thus, through the heat exchanger tubes in the next array, the first

fluid and tife&*SEESHeftidBREhamye RERC PthiSWay, thé Heat ekéang¥F Eatise§ thé firstfiGid and the
second flujd to exchange beatthroygh the heat.exghanger tubes insthe lower arrays seauentially one

after,another.
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

[ 0C02)

Among technelegies widely used for cooling of chilled
water for air cooling and the like, there are a falling film
heat exchanger and an abscrption refrigeration system using
this heat exchanger. This falling filmheat exchanger is a heat
exchanger provided with a tube bkank formed of numercus heat
exchanger tubes, through each of which a £irst fluid (liguid
or gas) flows, arranged not only in g heorizontal direction and
but also in a vertical direction. A second fluid {ligquid) is
dropped or spaved, for example, to flow down onte the ocouter
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 heal exchanger tubeses. Thus,

through the heat exchanger tubes in the next array, the first



[ 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 eyaparatign-of the ceelantin a way-that hiecoalantis caysed fa flow, down,ante the outer
surfaces of heat exchanger tubes in a closed vessel, and to exchange heat with the first fluid in the

heat exch&¥geranpes in the process of ffowing déwhlthereby geherafifngagasof#hel cdolant; and the
gas IS ?‘bs8§f&%’a‘?¥ an ﬁgi%’b%ﬁ%%gjg "%S‘Q?r?éé’léb%%?&%@%@ﬁ‘%ﬂ%" th;the glosed yessel. For the
promotion of the e\(%aporatlon of the coolant, it is important to distribute the coolant forming a falling film
evenly overithe entireslgngtitabédch ofthedfeat exeharigestubes, and to surely distribute the coolant
over the b Iéﬁ §f%j§:eat exchanger tubes. [0005] To this end, it is necessary to devise a method of
distributing opping the coolant or the absorber onto the heat exchanger tubes in the uppermost

array as evenly asjpossibie and.tp also-spasgtoul:the hegbexehanges tubes.ateerfaindatervals. In
addition, in the case where the heat exchanger tubes arranged to extend horizontally are used, the
configuratiof ot &htftic AiEtibTRor s petialliFifdpsitamt begatsé te figlidrépped 6®dn from the

heat exchange tuhes in an ugper. position.need ta 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 d@ajropping device forlan absotpticn refrigerator Hasilseenpropoesedds teséribed in

Japanese Patent Application Publication No..2005-207 for exampl .f[OOOG oreover, as
desetibed I JApARGSe EAtAR AaAreaton BUaior o et 1 L 10BBGE 15 B TR s Evaporator
for an abserptionsetigerator s beenipreposedircarder to.impraviejaeat iexchangeqertormance by
preventing an increase in a dried portion where no coolant liquid flows down on the surfaces of heat
exchange% tiBE&] The evaporator is provided with spacers arranged at predetermined intervals in a

vertical direction, |peatgdbetweenipper-and:lowerneighboring heat exchangerdubes sad extended in
a longitudinal direction of the heat exchanger tubes, and is configured to form liquid pools around joint

portions betiwéer the'spaicers rith e 1beirhest Exerangeb fubest Lon No. W0388/41798,

for example, uses the second £luid as a coclant in an evaporator,
and is configured to promote evaporation of the coclant in a
way that the coolant is caused to flow down onto the outer
surfaces ©of heat exchanger tubes in a closed vessel, and Lo
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 liguid in an
absorber communicating with the closed wvessel. For the
promotion of the evaporation of the coolant, it is important
to distribute the coolant forming a falling film evenly cver
the entire length of each of the heat exchanger tubes, and to
surely distribute the coclant over the bank of heat exchanger
tubes.
[ 0005]

To this end, it 1is necessary to devise a method of

distributing and dropping the coolant or the absorber onto the



[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 thergntire surfacewith its liguid film. This.drawback becomes.mpre, serioys, if; the falling film
heat exchanger inclines. Hence, there arises a problem that this falling film heat exchanger and the
absorptionrefrigeration systefrcusing this heat exchiander ahe adt imstalableein & shipsan offshore

structure, or.an undenwater offshore structure.which inherently involves an inclingtion, and a swing
motion. [OO(? 1 In shor%,\ﬁn co'nnecltr}ora{t wci?tjh tﬁgr}ﬁclﬁh%tict)n of &%Sf%”i‘%efﬁr% rr]]%a e%ﬁgnger, there
are a bypassgrebleny; a nodlove regiondncreases-problerm and a-wet surface eduetion prablem. The

bypass problem.is a problem that the segond fluid passes through between the heat exchanger tubes
in the first %%Q?;%Wejr: %}r}a?/?a%% flows Howh to- the Heat extchanger tibesih the SE&dRHEXt lower

array. [0009: a1 s Astilustiated iniFig: 43 #xthe-caser oba falling film heat exehanger.gnaploying a
configuration in which heat exchanger tubes 21 are aligned in a staggered arrangement, a second fluid
D is droppéd tBWard Bie-cérter inéd' (tiBe axes) bethHe iedt exehargerubes 2 Itiktthb¢ipermost

array when the. falling film heat exchangey ig,not inglined in,a crossssectional plane qf fhe heat
exchanger tubes 21. In this case, however, the dropping second fluid D may bypass the heat
exchangertupesibutor, 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. Hel 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
pertion 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 bketween upper and lower neighboring heat exchanger
tubes and extended in a longitudinal direction cf the heat
exchanger tubes, and is configured to form ligquid pools arcund
joint portions between the spacers and the lower heat exchanger
Lubes.
[ 0C07]
However, this falling film heat exchanger and an
abscrption 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



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 anonsstaggered arrangement, this bypass nroblem, dogs nat.ocqur unless an inclination at

about 20 degrees occurs. However, as illustrated in Fig. 15, once the inclination occurs at an
inclination angtesexceédingabolut 20 degreeshtherypassiproblemalsalocelnslas ircthercase of the
staggered arrangement, and the peat exchange area is reduced by as much as 50% only due to the
bypassingg[lﬁ%igzl?buteﬁex?ﬂ Ié‘nsé-fl%warjfagri]ogrﬂfeinc%eeaaste p%%%r%rlyg%rprotbqgl%sthaltna r&Gion of the heat

exchangerntubes2davherethe secondrfiuid B does netflaw, inishert @ ne-flewrregion-aegurs due to a
sideways inclination of the apparatus. If the exchanger inclines largely, there are some heat exchanger

tubes 21 (R&RhSFRESEREhander thbes) OMNoRFRidH the lsetdrid il D dsEEnoP oW BERN, as
illustrated i Eigs 16¢ -the Gase of emaploying.the non-staggered, armangement as lystrated in Fig. 16,

this phenomenon does not occur unless the inclination of the apparatus reaches an inclination at
about 20 degfees? Howevel Ones this phencrmensn oetlrs ithe heatiexchahgérarea I§vetluced as
illustrated @rgl‘gb%%%]d about 50% _of the. total tegion |sfgffif£owg§9§%é%£he case Ofelfl .16. On

the other hand, in the case o 8&%‘8 o?/irsuéfjt:kjfeogt%ggereci3 arrangerr?ent as illustratéd in i%. 7,evena

slight inclinatiohiinfleencés abeyt 20%:ef the heat exchangerarea4n theicase of Figy 17 Nevertheless,
even if the inclination angle increases, the influence more than that does not occur unless the

inclination Angle FescheS Hholt 20 degreds SRiFoUgH FIgS" 16 BntET7 Mistrdfe-ie ciselwhere the

heat exchanges tubgiankinslugles thesame numben aft:heat exchangerdubgs arranged o the vertical
direction and in the lateral direction, the no-flow region increase problem occurs more notably if the

number of t1iB&S aHaRgeiF the Veficar Bitectionis g et thar atsn-theJatéra direationy

invelves an inclination and a swing motion.
[ 0008]

In short, in conneciion 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 fiuid
passes through between Lhe heat exchanger tubes in the first
next lower array, and flows down to the heat exchanger tubes
in the second next lower array.

[ooce]

As illustrated in Fig. 13, in the case of a falling film
heat exchanger employing a configuration in which heat
exchanger tubes Z1 are aligned in a staggered arrangement, a
second fluid D is dropped toward the center lines (tube axes)
of the heat exchanger tubes Z1 in the uppermost array when the
falling filmheat 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



[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 5% 01dbe folal fn o) cvetad yithabe il T e, e digplel grazss,the heat
exchanger tube 12 very slightly, in particular, the liquid film Ds is‘reduced to about 25% of the total
whereas about-25%igfdhé& tetahsaiot eeveretwith théstguid Tilm Ds. In the case of the staggered
arrangemen, is 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 2i-hasa cedain distance.dt-gan be saiddhatthemnon-staggeregdartangement can
easily avoid the bypass problem and the no-flow region increase problem. In the case of the

non-staggéretParrariyemeRt However Gt REChifsidéret that, Hiehothe WetSaiface tédiétfon problem,

the apparatus.cap gxert anly 0%,0r lessof-its fll performance with,a somewhat/largesinglination
large, or only about 35% thereof with an inclination at about 20 degrees. [0015] Ontheotherhand, in

the case of tHe'sthgdered afrangeémeant! it3$ iniportahtorarangeahe treatteXehanger tabves at

horizontal inferyals.of ahout 2 mm ot lessip order,tp preyent  phenomenan in which fie bypass
problem occurs i the even-numbered arrays even when the inclination is not large. Even'if such

spacing is ¥ealized & is sonsidered that, tuetba reduetien imthe heat-exchangerareasdue to the
no-flow re%ion increase problem and a reduction in the heat exchange area due to the wet surface

oy

reduction grdbient, tHa%apparatts CAR EXertoniy 856Ut 3696 Ot full peRGrmangs if tHe heat

exchangeridbe bankdneludes 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 e Ykrtical direction is larger than that in the lateral

Instead, as illustrated in Fig. 14, in a case of employing
a nen-staggered arrangsment, this bypass problem doas not occur
unless an inclination at about 20 degrees occurs. Howsver,
as illustrated in Fig. 15, once the inclination occurs at an
inclination angle exceeding about 20 degrees, the bypass
problem also cccurs 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
fiuid D does not flow, in short, a no-flow region occurs due
to a sldeways 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. 1In the case of
employing the non-staggered arrangement as illustrated in Fig.

16, this phenomencn does not occur unlegg the inclination of



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

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 cother
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 1f the inclination angle increases, the
influence more than that does not cccur unless the inclination
angle reaches about 40 degrees. Althouch 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 liguid 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 zbove), the liguid film
Ds 1is 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 liguid £ilm Ds is formed on
only one side as illustrated in Fig. 19. In the case illustrated
in Fig. 19, the liguid film Ds is reduced to about 35% whereas
about 65% of the total is not covered with the ligquid film Ds.
If the droplet grazes the heat exchanger tube 12 very siightly,

in particular, the liguid film Ds is reduced to about 25% of



[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 arrayit@ surely fall,gato-the heat.exchangeytupgs located in & next lowerarkay .and also to
provide a ship, an offshore structure and an underwater offshore structure. [0018] In short, the

objective offtfe b?@@érﬁ_iﬁ@éﬁ‘ti@ﬁ is td @réﬁée@@liﬁj filmth&dtaxehanger anad amcassorption
refrigeratiqny.system which are each.ipstallable ipa ship, an. offshore structure, an updepyater offshore

structure, or the like, and to provide a ship, an offshore structure and an underwater offshore structure
equipped Wwilraay of them. [0019] Moreover, another objective of the present invention is to
provide a Fagigggjlm 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 lare.MEANS HQR SQLVYING THE PRQBLEM: 0020t us is about 20

degrees or smaller, and 1f the interval between fhe heat
exchanger tubes 21 has a certain distance, it can be said that
the non-staggered arrangement can easily avoeid tThe bypass
problem and the no-flow region increase problem. In the case
of the non-staggered arrangement, however, 1t 1s considered
that, due to the wet surface reduction problem, the apparatus
canexertonly 0% or less of its full performance with a somewhat
large inclination large, or only about 35% therecof with an
inglination at about 20 degress.

[ 0015]

On the other hand, in the case of the staggered arrangsanent,
it is dimportant to arrange the heat exchanger tubes at
horizontal intervals of about 2 mm or less in order to prevent
a phenomenon 1in which the bypass problem occurs in the
even-numbered arrays even when the inclination is not large.
Even 1if such spacing isg realirzed, it ilg 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 1f 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 1T the number of tubes arranged

in the vertical direction is larger than that in the lateral



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 rgspective 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 theheat éXehahgertlies; and thereby the guide plate is configured to convey the liquid
flowing doyﬂ tsf)%ﬁ%ﬁs 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 inclinationwithin a predetermined angle range set in advance occurs in a plane perpendicular to
tube axes of the heat exchaﬁr tubes. With this configuration, the liquid can be_surely dropped onto

the crests of the hé&t €Xthanger {68 in the &é&??d?ﬁ@rt&?éﬁj[oo%‘ﬁwt I B a5V affing film heat

exchangerpthe: 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 withHigbRFfims ByeaiRing the iquid &PA6W Hown &verlontd Bie right 'arer left sides of

the crest pgrtion;of the lower heatpxehapgertbes 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 thiszdonfigurafionisieery easy to pfedace: §9023Jz tenin thé.mbove filing: film heat
exchangerPar})eﬁlgd% %I%tel\l% forﬁwefl (Iflqr%yﬁ)%l%% material selt_acted from a mesh sheet, a grating, a
grid, and a louvered sheet invwhich small holed are opened with a diameter smaller than a natural
droplet diameierefithefiquidttorverdropped. The guide plate with this configuration can be produced

very easilyP% %%)Ecnﬁs%igg]saﬁ? %)gitxifn c%r{(]mTe}E%iag %E%i{%%elv product only with small work. [0024]
[ 0017]

The present inventlion has been made in view of the
Toregoing 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 liguid such as a coolant or absorber
onto the crests of the heat exchanger tubes and causing the
ligquid dropped from the heat exchanger tubes located in an upper
array to surely fall onto the heat exchanger tubes located in
a next lecwer array, and also to provide a ship, an offshore
structure and an underwater offshore structure.

[ 0018]

In short, the cobjective of the present invention is to

provide a falling film heat exchanger and an abscrption

refrigeration system which are each installable in a ship, an



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 [P023] - - #: the, abave faling, film hegt-exghanges the dlow-downhalgs are formed

in right and left sides of the lowest part of each of the depressed portions by making cuts in any shape
selected froii*d hafiefcléCa DFshapes ad/ stidpe, aBlocki shape, & hail Shidpe ahda rail shape with

crack tip, egeh.of which. has pofh, end pojnts located on almost Wft??”é%@)i”c?f"fttﬂ&k‘?weg part, and

then by making a valley fold at the lowest part while causing protrusions formed by the cuts to jut
downward ffdm $he depressed portion, and the protrusion of an inclined surface to the left of a valley
fold line of the Iowestlpaort is corglrggr%%%o(g rma Elo e coytg]wé)usrtl])téextegded to ttge rlghjtmsk))eyond the

valley fold line, ang égp?foefﬁ(sion ot AR inSlinkd surtace to the ria 5fthe \}arh‘é?/rfoljdqlne IS configured

to form a stepe-contingously extended ta the leftheyondihavaliey fold line, IEbursare generated in
the cut-out surfaces of the cuts, the burrs are left sticking out on the upper side on the depressed
portion. THEERGrS ffthe Qit-o it Eurfates ofthe tutard Warpage geheratbd Witshithe £6ts are made

by punchiq&g&@ggge, ﬁ'i‘d %@?‘g%lser?&”?@cﬂ@ﬁ@ﬁé-n@@z%@@divz\ﬂﬁh this:configyration, eyen when the
heat exchanger inclines in the right-left direction of the heat exchanger tubes, the protrusions
(tongues) formeddsftheiduts servelasgaides 16 theldredt portibhsdn the plumb lines of the heat

exchangerpﬁﬁ ﬁ%i'} Iggglf{{fgéy,ﬁ%d %Qﬂ?ﬁguide the liquid to the protrusions (tongues) while
the alling into the hole

preventing iquid from f s formed by the cuts before the liquid reaches the valley
fold line. Thas,2éven when an inclination occurs, the liquid can be dropped evenly on the right and left
sides of each heatIenxcgggggrE%b%é Eheevlgwt%{ear%aéyféggﬂlg objectives, a falling
film heat exchanger of the present invention includes heat
exchanger tubes 2ach 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 hcoles for allowing liguid droplets
to fiow down ontc the crests of the heat exchanger tubes; and
thereby the guide plate is configured to convey the liguid
flowing down on outer surfaces of the respective upper heat
exchanger tubes ontc 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 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 tq the heat exchanger dubes.. Ingidentally, If,the,guide plate and the heat exehapger tubes are

made of different kinds of metals and théerefore corrosion due to a potential difference needs to be
prevented & insulativg:beat tissipater Bhaéeét made of, fdriexamplepa silidon materia filked with a
ceramic filler orwgp% other martj%rggl may b&lgserted petv%eglthe}gw e g!{aé% and the heat exchanger

tubes. [00 §1 . le&lﬁgﬁ: an a%gorptldn re?ﬁgeg’réﬁon syé?gm of the presgﬁﬁﬁ\;er?t?oﬁn@fsor achieving

the foregoing abjectivestinChides the above falling film heat exchanger.This configuration allows the
absorption refrigeration system to producethesimilarorsameeffectsasthoseoftheabovefalling film heat
exchangeli. ] Further, a ship of the present invention for achieving the foregoing objectives is

equipped with the ahovedfalling filmeat exchanger.qrthe.above,absoption tefrigeration system. This
configuration allows the ship to produce the similar or same effects as those of the above falling film
heat exchaHgerMotesvers i ¢ise abbve faling filni e at exclranyet o the aboveabSorptioh

efrigeratiop, systemis rsiglied such tht the axialgirection of the eay prchangec ubesis. -
almost-exactly aligned with the ghlp ongltudlnag?%’l ection (the fore-and-aft &rectlon of the hull, i.e., roll
axis directiong, the tinfluence:bysa silewdystiaclination (heel): and @sideways swarg (roll)-ecan be made
Smaw[oo%%vered-with liguid films by causing the iiquid 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 fiim heat exchanger, the guide plate
is formed of a folded or corrugated plate. The guide plate with
this configuration is very easy to produce.
[ 0G23]
In the above falling £ilm heat exchanger, the guide plate
is formed of any plate material sslected 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 liguid to be dropped. The guide plate with this
configuration can be produced very easily by processing an
exlisting commercially available product only with small work.
[ 0024]
In the above falling £ilm heat exchanger, the guide plate
is provided with a louver or a relief structure having a ridge
substantially perpendicular tc a valley line of each of the

depressed porticns of the guide plate so as to prevent the
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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 %%ﬁ@@vqﬁﬁ:ﬂeﬁfilﬂeﬁmﬁgg%&@ apque ghserptign refrigeration system, and the

above ship. 31] , the ship is a structure sailing on the sea with propulsion means, and the
offshore stradtufe is- amstructurdiendhe seaswithegwtaving divifgeniesnds 1k aglBition, the ainderwater

offshore stru turefis structure, suc(? as ar&%ndervxi%er sailin bodlyi a,su ari Qd n underwater
base, whic%e%lc%pa ?é: %?ggi |ﬁglusn erwater of which is ﬁgéd%% er wate?EEE%%%Slg ‘THE
INVENTIOM [00324 corAS has beendescieed-abdes, according: te:thesfalling<itm-heat lexchanger and

the absorption refrigerator_system as well as the ship, the offshare structure and the underwater
offshore st]rﬁl&ﬂf'éii% & preSaht TV Entior %Wﬁnet%ef?tﬁiéjgfﬁ%’li@%c%ﬁ%%?%ﬁi gs, the guide

plates in the falling filkm, heat exehanrgerswrely,drop atiguicertothe crestsof heat exehanger tubes,
thereby enable the liquid dropped from the heat exchanger tubes located in the upper array to surely
fall on the Sffagés bf freHedt xEhalgertubes located in the lower arrays, and thereby can avoid the
reduction inJ%}exchange performance. BRIEF DESCRIPTION OF THE DRAWINGS

In the above falling fiim heat exchanger, the flow-down
holeg 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 shapé 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 £old at the lowest
part while causing protrusions formed by the cuts te jut
downward from the depressed portion, and the protrusicn of an
inclined surface to the left of a valley fold line of the lowest
part is configured to form a slope continuously extended to the
right bevond the wvalley fold line, and the protrusion of an
inclined surface to the right of the valley fold line is
configured to form a slope continucusly 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 oxr the like, and are alsc called flashes.
[ 0028)

With this configuration, even when the heat exchanger

inclines in the right-left direction of the heat exchanger tubes,



[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 ag@em&'%: rcuoﬂig%atipgé of an ngaﬂaorr%tg% ([gft Q: Ife sigg)chgngealnvfgabsc,iosrbe{1 ﬂ?ehst half side) of
an absorptlon rgfngeratlon system o?%n emboalment ac OI’%I”IQ to the present mve%tlon.

to the crest porticns in the plumb lines of the heat axchanger
tubes in the lower array, and the burrs guide the ligquid to the
protrusions (tongues) while preventing the liguid from falling
inte the holes formed by the cuts before the liguid reaches the
valley fold line. Thus, even when an inclination occurs, the
liguid can be dropped evenly on the right and left sides of each
heat exchanger tube in the lower array.
[ 0027

In the above faliling film hesat exchanger, the depressed
portions of the guide plate are 1in contact with the crest
portions of the lower heat exchanger tubes. This configuration
enables the liguid to surely flow down onto the lower heat
exchanger tubes from the upper heat exchangser tubes,
respectively, and morecver enables the entlire surfaces of the
lower heat exchanger tubes with liguid films in the cross
sectional plane therecf. In addition, since heat conduction
occurs between the guide plate and the heat exchanger tubeg,
the guide plate can also functicn 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 bhe 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 absocorption refrigeration system of the

present invention for achieving the foregoing objectives

iz



[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

includes the above falling film heat exchanger. This

configuration allows the abscrption refrigeration system to

produce the similar or same effects as those of the above falling

£ilm heat exchanger.

[ 0029]

Further, a ship of the present invention for achieving

the foregoing obijectives is equipped with the above falling film

heat exchanger cr 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

directiconof the hull, i.e., roll axis direction), the influence

by a sideways inclination (heel) and a sideways swing (roll)

can be made small.

[ 0030]

Farthermore, 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 abscorption refrigeration

system. Here, 1f the offshore structure or the underwater

offshore structure has a ship-like shape, preferable

installaticon is such that the axial direction of the heat

exchanger tubes 1s 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 fzlling film heat

exchanger, the above absorption refrigeration system, and the
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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

explainingggolgy@%ﬂ@blem
[ 00311

Here, the ship is a structure sailing on the sea with
propulsion means, and the offshore structure 1s a structure on
the sgea without having driving means. In addition, the
underwater offshore structure 1s 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 CF 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 ligquid 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 liguid distributecr 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 liguiddistributor of the falling £ilm heat



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 ponsstaggered-arrangement ina. falling film heatexchangerinthe casg-where.an inclination
occurs. [Fig. 17]Fig. 17 is a view for explaining the no-flow region increase problem of a bank of heat

exchangef thibs ira staggérdd arrasgementin & faling filhy B atdxchangerircthlescaseihere an
inc“naﬁonggﬁ%gburation cf 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 & front view illustrating schematic
configuraticons 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 dsg a wview illustrating a schematic
configuration of guide plates and heat sexchanger tubes in a
non-staggered arrangement.
[ Fig. €] Fig. & i1s a wview illustrating a schemaiic
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. §] Fig. § is a plan view illustrating a plate matexrial

[ Fig. 9] Fig. 9 is a perspective view 1llustrating the plate
material for the guide plate in Fig. 8 in a folded state.

[ Fig. 10] Fig. 10 is a wview illustrating a positional
relationship between protrusions of the guide plate in Fig. @
and heat exchanger tubes in a case where no inclination occurs.
[ Fig. 11] Fig. 11 1s a wview 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 i1llustrating a

relationship between heat exchanger tubes and a guide plate in
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[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 emhodiments.acaording {0 the, present inveptign. 4n the ;E'e@‘EQF&t}B{;?Of the embodiments, a

falling film heat exchanger and an absorption refrigerator system are explained as those installable on
any of a shipian offshore strgotuie drd anwirderfiateeoffshiore Structureythersingftelreferred to as a
ship or the |i e%, ut i}(is t necessary, to limit the present invention to a falling film heat exchanger
and an abgg%:p |o%ar8’ rig%%%? %f/st%}rgncyFn%%gﬁee% tc]?rlll %es%iﬁ'%r fhe lik .(311%1ree|§reeég‘r”lfEL fﬁ%rﬁlﬁ&? may include
a falling fildrheat £xchangerandran absorptionaetrigerator system installed on any other land-based
facilities. [0035] Here, an absaorption refrigeration system in an embodiment according to the

present inkéntion includesa falling fitth Aekt 8X¥changeFRo b He folfdWwiny Embodineht &€cording to

the present inveptign, yheteas a.shin, an-effshere-struciure and anunderwater gffsharestructure of
embodiments according to the present invention include a falling film heat exchanger 20 of the

following enibddifent BEcbrdifigirthe présent invéntibh ®car apsorpionTeffigératortofahe following
embodimegt.acgarding 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 brdmide as an absdérber aifd wateraissa coolart:f0036]ing the bypass problem

of a bank of heat exchanger tubes in a staggered arrangement
ina falling filmheat exchanger in the case where an inclination
cccurs.

[ Fig. 1¢6] Fig. 1¢ 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 problemof abank of heat exchanger tubes in a staggered
arrangement in a falling film heat exchanger in the case where
an inciination cccurs.

[ 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 ligquid 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 liguid is dropped onto a place
off the crest.

MCDES FOR CARRYING OUT THE INVENTION

[ 0034]

Hereinafter, description is provided for a falling film
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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 i installed in;a.ship;ox the like, the Salling 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) efthe ship or thenlike, betanse sirargle of piteh ¢that is:an eipraricedowr Métioreof the stem
and stern %f thgcshlilo eis gp%lgnr t%l%rr'n an tasn%% 01(; roollli(thatti§3 u angl3 sdor\{\{:n ng{igg toif (t)rrlle port and
starboard oFtJﬁe s%up ,in genera?. i other wor s,the ?aqling il e%fexghanger IS arrangéd such that
a rotation arountddheltuberdxis v thectfeatiexchanget tube 23 cap beamadedn thel sarme girection as
the roll of the ship, the offshore structure, or the underwater offshore structure. [0038]. This liquid

distributor 1OTRANEES L distBUtion Ak L1 HiSEHarg et Hrst ittt ASSags"Es! and second

distribution, passages 144148 . Fhe distribution tank 11 receivesandstenporarily reserves a liquid to
be supplied to the surfaces of the heat exchanger tubes 21. The dischargers 12 are for discharging the
liquid D eveRfy frony iEediskibefiontthiR A1S andrare Prodidedc s piaralitycwith the same fluid

resistance., The lignid.D flowing inside fhe dischatgers 12 s expased tg.gn ambiept pressure inside the
heat exchanger at outlets of the dischargers 12. The first distribution passages 13 receive the liquid D
discharge@ freretine dischargerst 2tandadischarde: thefliguid Dde theesedonudistributiorspassages

14A, 140 fr%m their respective .end p%réions. Agleast a maﬂng%rt of eaclglifirsé giEqibLitgon passage 13 is
C

arranged aﬁor?é) *Ta%ﬁ"éll ‘u&i%gF&icﬁeecrt%n of 3R ‘area over whi & ﬂe%tsexc%aﬁ“ger* t%be‘skfl are

distributedr peinsteadifithe.areads squake, ima direstiorrefione gide ofthe squarenwhenr viewed from
above. Each first distribution passage 13 is assigned an area that is one of sub-sections obtained by
dividing th 2bovB distFiBalon ared infthedeRgitidindldifettion Mtdddifiéh Ctheitet disftution
passage 13.Jnay Pe alsp assigned aparea 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. [H&¥& 24 tip end of the first distribution passage 13 may be folded in an L shape, for example,
such that the quui%magbeagis harge%from t%% first diNst_EiQ%tri,}()&psgtssage 13 to the se rftl)erytdistribution

passage 14A, 140 \ﬁifho’ut ()v%r o%&iﬁg.l[%lafg Lrgess SRR Sets

according to the present inventicn includes a falling film heat
exchanger 20 of the folleowing 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
cr 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 absorpticn refrigerator
using lithium bromide as an absorber and water as a coolant.
[ 0036]

The falling f£iim 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
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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 epd portions.otthefirst disiyibulion passages A3.qr tg,crogsdhe mainparts,of theyfirst
distribution passages 13 when viewed from above (at right angles in this embodiments). In addition,
the tray 15°6ethe securrhdistributiontpassages 24443 are previdedewith istribtition dhetes 14b, so

that the liquid D is distributed from the distribution hales 14b within an area assi .nez%ito each first
distributioncﬁgggggjénﬁ{gt%d ?hC{er? Iils%lrso%ﬁ%c? 6n?§ t%g T’S(f:%lt' ex\gﬁ%aﬁgé“}l Fﬁ%@%gﬁa?&f 119% " For
example, the dinst distributionfpassages 13:areratigned ia-extend in the:-longiddinalidirggtion of the heat

exchanger tubes 12, whereas the second distribution passages 14A, 143 are aligned to extend in a

direction orthogonaithhe fohgittaing? dirgetidr? of the ‘Heat ek&handertbés 21 AdthErfords, the

first distribytien passages-13 are aranged.along the-fargrand-aft diregtion of, thesshipar, the like, and
the second distribution passages 14A, 143 are arranged along the right-and-left direction of the ship or

the like. MBrébvée, theditstdistribtificiy passages £9are each formed with a downslope in a range of 5
degrees tg 45 ggprees, 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 Whergthe segend distrblition passage 444,143 beeames iowerdowaldsits tip end

side. [0042] tQS case where threggllnﬁg,fllm heat e%chz%\g eri i'ﬂ%t%”ed on the ship or the like,

I
the falling filrrlﬁR%gtlexch'anﬁe?filsl%r?angeg Wijthkﬁ'fe %‘r?gi ddinaf direction '0f the === "ereer

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 iz 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.
[ 06038]

This ligquid distributor 10 includes a distribution tank
11, dischargers 12, first distribution passages 13, and second
distribution passages 142, 14B. The distribution tank 11l
recelves and tempcrarily reserves a liguid 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 liguid D flowing inside the dischargers 12 is

exposed to an ambient pressure inside the heat exchanger at
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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-aff;inclination; forexample, ahaut8:degreps. With thisisetting,the ngeessary. dewnslope can
be secured always. In the case where the passages are formed of channel-shaped gutters, the walls

of the chanrelsaieed® Bé&high ehbdgh Wigrebenceverfioriofthe HHiE DAeaT andér avdll (dynamic

rotational metian 10 8 sidways diceetion) of the full 2l sboul 2. degrees, (0043 .. . Ifihe frst

distribution passages 13 are provided with a downslope at an angle larger than gtotal inclination angle

of the hull trirh andethecloagitudinapswingypiteh)iwhich thership dkithé dike tis expected-torhave when

the falling fil£n heat ex han%erés in operation, the Iiguid D fli\%\ing inside the filg,t diftribution passages
O e a

13 can be dISCﬁgI’aned o thie sécond distribtition B% $4GEs 1 43 \Eilwrtﬁ%ﬂ?ﬁowing ‘baek fn the reverse

direction. [0044]: + .4 Moreaverdhe distribution tank:1d.s disposed areund thecemterindhe
longitudinal direction of the heat exchanger tubes 21. With this configuration, the height necessary for

the downslohe df e First distibtition padsagésTFcaf Behaliefor £6045] SIUaRaddition, the
dischargers 12 are-formed,of stub pipgs with the same, shape, Ehe strugtue of an qutletportion from

the distribution tank 11 maybe a simple opening hole. However, if the dischargers 12 are provided with
discharge Fesistahcesit aceitaintdeygios, thesdistribution tarksEL car always keep-thetliguid surface

thereinside higher in level than all the dischargers 12, and thereby the discharger 1%can discharge
o eual AT O D A R PR o e et Gore T3 st S harge
resistance @t @xceirtain degree; andadse: talmake ¢he dischargersA2adnifosm, accusatelyrwith the same

level of discharge resistance. For these reasons, the dischargers 12 are preferably formed of stub

pipes havifig #ie saie diAmetaatFlengtAiY o= @150 assigned arerea 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 1is sguare. Here, a tip end of the
first distribution passage 13 may be folded in an L shape, for
example, such that the liguid may be discharged from the first
distribution passage 13 to the seccnd distribution passage 144,
148 without overflowlng,
[ 0039

The second distribution passages 14A, 14B are configured
to recelve the ligquid D from the first distribution passages
13 and to guide the liguid D from many distribution holes 14a
provided in theilr bottompotions toa tray 15 in areas Al assigned
to the second distribution passages 14A, 14B. The first
distribution passages 13 and the second distribution passages
142, 148 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, 148 are provided



[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

difierent fror each otherin oy resisianee,rdhe Jiks dyeutq adliference npansgs lengih. If the

dischargers 12 are formed of stub pipes, it is preferable not to form close passages communicating
with the sttbpiges] bue 16 talease thet liguid D dischargedi rorhithe stals pipes=undercan &mbient

pressure inside the.heat exchanger before enterin tefi;;stcl%st ibution passages .13 in order to
Drovont 1o HEvents TN aBC e o b ke o Seig 16 A et i fischarged
from the stubepipels. {00484 b o vl higafirst digtributian passagestlidakereach eenfigured torbe assigned

one of areas_Ai into which the total region is divided in the longitudinal direction, e.g., an area Al

around the*fromitertiy of fie hEatexchafgel fulbss Gran arda AD SbirfdwRATSEHAT thé Area Al |

0049] 148 are provided with distribution holes 14b, so that the liguid
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 Z1.

[ 0041]

For example, the first distribution passages 13 are
aligned to extend in the longitudinal directicn of the heat
exchanger tubes 12, whereas the second distribution passages
142, 14B are aligned to extend in a direction crthogonal to the
longitudinal direction of the heat exchanger tubes 21. In other
words, the first distribution passages 13 are arranged alcng
the fore-and-aft direction of the ship or the like, and the
second distribution passages 144, 14R 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 additicn, each of the second distribution
passages 144, 14B may be also formed with a downslope where the
second distribution passage 14A, 14B becomes lower toward its
tip end side.

[ 0042]

In the case where the falling film heat exchanger is

installed on the ship or the iike, the falling film heat

exchanger is arranged with the lengitudinal direction of the
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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,pagsages, 1#4= 148, mhichare gutters forrecendng the ligyid 1 from;the firstgjstribution
passages 13 and distributing the liquid D in the lateral direction are provided with a partition plate 14b

by which thé peissages14A [Tuistare partioned irtedhliet halfianc e rightthalh ahene first
disrbution Rassaes 13,6ach case e iauid Do oy inio ogl he Kot section ardheeft section of

the second distribution passages 14A, 143. [ 0050) Igs. 3 and 4 are views lllustrating an

arrangement of the dreat exchangerstubles 21andheifallmgifiinh heat exchangen20L The heat exchanger
tubes 21 are rra e&l undgr the_tra}é 15 og trtufai qulgidl(JistribEthr 10 an are structureg sucfcl that the
Iongitudinaain ireRfion Bf-the first didhibiition paessa%e’é 13 of)fﬁell?’i]qsuiﬁua%?ﬁbult%r 10 |seﬁaraﬁlel with the

longitudinal-gireetianr: ok the-heat axghamgeritubes 24 wand-that the lesgitudinal directionof the second
distribution passages 14A, 143 is aligned with the right-and-left direction of the heat exchanger tubes
21. [ 0051F SSUALHubtrated iR Fig-8Shahe faliihg fithT heat Bxétrandgéi20! dfd Peat exchanger tubes

21 are held by Jube sheets (tybe plates).33, 24,.:and aanged.in.parallel with each otherin a horizontal

direction and in a vertical direction. Moreover, as for upper and lower neighboring arrays of heat
exchangerttobes 241a guide phatel 22N (@riz23)-is afran§bd-betaerhdhe upger aray of the heat
exchanger_tubes 21 and the lower array of the heat exchanger tubes 21. [0052] Moreover, as
illustrated ﬁlrl?igg.r 3an 646} tﬁé\gﬁtté’gﬁese%%ﬂ So]f the fﬁﬁngaﬁlmaﬁggeexb%%ﬁagr 55 %8”(1:?(@[% the liquid D
and is provided withcpartition plates 25, lustrated inckigs Be forapreventnganicktiuctuation iof a liquid
surface to avoid sloshing. In addition, in order to collect the liquid D without causing liquid breaks even

under swing'motions, it ipreferabie that BAEH BOHBHT pORIDN 26 bE Tndifed &t aligigarger than an
expected inglinationangle and be provided wWithhes are formed of channel-shaped

gutters, the walls of the channels nead to be high encugh to
prevent overflow of the liguid D even under a roll ({dynamic
rotational motion in a sidewavs direction) of the hull at about
20 degrees.
[ 0043

If the first distribution passages 13 are provided with
a downelope at an angle larger than a total inclination angle
of the hull trim and the longltudinal swing (pitch) which the
ship or the like is expected to have when the falling £ilm heat
exchanger 1g in operation, the liquid D flowing inside the finst
distribution passages 13 can be discharged to the second
distribution passages 143, 14B without flowing kack in the
reverse direction.
[ 0044

Moreover, the distribution tank 11 is disposed around the
center in the lengitudinal direction of the heat exchanger tubes

21. With this configuraticn, the height necessary for the
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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

o T P S50 262 oD A o L S o e
an upper hotderyortion between the evaporator and the absorber. [0054]

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 may be a simple cpening 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 ligquid D. Thus, it is preferable Lo provide
the dischargers 12 with discharge resistance at a certain degres, .
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 additicn, when the liguid distributor 10 and the
falling film heat exchanger including the liguid 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 ab the smallest
possible horizontal intervals.

[ 0047]

Additicnally, the first distribution passages 13, the
second distribution passages 144, 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 ig preferable

22



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

iquid D flows: dewn fram qne.heat exchanger tuhe. 21, in.an Upper ATy, pRio,wg heat exchange tubes

21 in the lower array, or reversely the liquid D from two heat exchanger tubes 21 in the upper array
flows dowirtdgéthersdnite ohe-heat exchanfer tghe: 2 T g thé fower aeray. jD056%es ufdehis end, it is

important (0. buld & configuation,in which upper and lower et exchanger ubes 21 where the liquid D
flows dowri have stich one-to-oné correspondence that the |qU|c51 always tlows down onto the same

heat exchanger fubes:2ieven wheniaship 0 therlike equippedwith:the faling:=Ranheatexchanger
inclines sideways (heels) and swings sideways (rolls) in the {ight-ar)_d-left direction. This can be
achieved it 2 W&y tHit theé FolfoliiHg Giide® PR 9287 25BhavirnG ah apropriate 1evdl dfftfansmission

properties g, the,liquid B is;arranged between the upperand lower-airays; ofthe heat exchanger tubes
21. [0057] The heat exchanger tubes 21 are each arranged substantially horizontally and form an
array in the 88A7& horizontal plane. Then, the arrays of heat exchanger tubes 21 in the horizontal

planes are stacked.qn tqp pfangiher 1 ine verfical.diection asilysitaled.n Figs: 3 and 4, Then, as
illustrated in Figs. 5 and 6, a plurality of heat exchanger tubes 21 are arranged In arl%ys spaced in the
vertical directibm; arwha guide plate 22 A; 228shavingrdepressethpottonso22dlisraanged between an

array of hegl_;t -\?’_(5%%”9{?{ t Abeesl 21 arran led s{de b})_[es@Qe in theehorizoqtal direction and the next lower
array of heat exchanger ﬁlh)es 51 Atranged Bide by Eide i thé hGrizoRtal Hirsdtion. MdteSpecifically,
the guide plate 224y 22B is;arranged.suchdhatithe Jowest pads of-the depressed pedions{valley
portions) 22a are disposed near the respective crest

behind the area Al.

[ 0049]

The heat exchanger tubes Z1 are also distributed widely

in a cross-wise divecticon of the hull, the total region is alsc

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 frent ends of the heat exchanger tubess 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 liguid 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 ligquid D to

flow intco only the right section or the left section of the second
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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 canbe.conveyed o 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 ah iidlihtion (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 efcr%%gg tibes léfﬁ%g\ﬁ T %]r" &r 5%%5&1@ thaenusgerra%]ﬁc? %Wg hoef;t exchanger
tubes 21 conespend te:eachrotber ouiibe de-torone=bdsis, theqgditderplates22Axnay bgdformed of a
symmetrically-shaped corrugated plate or folded plate as illustrated in Fig. 6, in the case where the

upper and46wer anayst héat exchafiger tibes 21 a?é alighed With BACK ot whER Yiewed in the

vertical dirggtien.dnstead; in the;¢ase.afthe staggered agangement,.the upper andlowerdeat
exchanger tubes 21 can be made to correspond to each other on the one-to-one basis by using the

guide plate QQijéHﬁiéd‘éf—aﬁja%?ﬁFn%@ﬁﬁc@ﬁy-’%hapéél J@?)Fﬂ@h?éﬂf plate épfblé’é@ priteas! lustrated in
Fig. 7. In the case ‘Rfitgﬁ staggered.arrangement, Jnpartieular, theplate materigl of gach of the tube

sheets (tube plates) 23, 24 illustrated in Fig. 3 can have a larger width for supporting a surface
surrounded by<hé heat ex€hanger thises 2 1{adistagee betweers thé heatexchangér tules 21) than in

the case of E)hre N Qlétiar?gﬁr drag(r:a[nlgergng tt%gd Qgg Fge dﬁtéeg‘ﬁtg o{ HE% tube sheetSs {t}ﬁ)e plates) 23,
24, for examplg, the anti-slosh propeﬁles or eﬁlqw can be en%ance(f?%%%%? !
148 is aligned with the right-and-left direction of the heat
exchanger tubes Z21.

[ 0C51)

As illustrated in Fig. 2, 1in 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 directionandinavertical direction. Moreover,
as for upper and lower nelighboring arrays of heat exchanger
tubes 21, a gulde plate 222 {(or 22B) 1s arranged betweean 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
secticn of the falling f£ilm heat exchanger 20 collects the
itiguid D and is provided with partition plates 25, illustrated
in Fig. 3, for preventing wild fluctuation of a ligquid surface
to aveid sloshing. In addition, in order to collect the liquid
D without causing licguid breaks even under swing motions, it
is preferable that each bottomportion 26 be inclined at an angle

larger than an expected inclination angle and be provided with
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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 tyhes 21. Il the guide plate 224, 223 and the heat exchangsr, tubes 21 are

made of different kinds of metals, and therefore corrosion due to a potential difference needs to be
prevented pary instllatirg beat dissipater Sheettrnadecdt, foreexample] & siiconmaateniat-filfled with a

ceramic filler O:[ lan¥l other ateria}I ma¥1 béaninsgrted bet\geer]g h% Tguide glat Z%A, 223 and the heat

exchangertiibes 21 60611~ ™ in this gulde plate 22K 223"t ioW-déwin idles 32b May be opened

only near the depresset-portians 22aet averdhe entirecglate: dndhasase svhereithefiows-down holes
22b are opened_over the entire plate, the guide plate 22A, 223 needs to have the flow-down holes 22b
opened with*8 dméter siiiflef tHi'a dropl 8t diameterD lor eeli& %o bé a louvered sheet providing a
sufficiently pegr-ine-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 inglinatien, 0062]the althe dase whete fiie tiearéxchanger tubes 21iame used to

generate of .a:psohb agas a(Lttlheir urfaéﬁaﬁ, tEhe gfuig%gl. te 22A, 226 ref rarb h%s glfjlfgcignt gas
permeabilitylséncurgg S0 as ’noatlr'g %Foc the pgsséilge of%e ga%. Ina dYt?‘(fan? s%c% the generation and
absorptionfprocesses of thengas praceed:net-oflyson thé surfaces o the heat exchangertubes 21 but

also on the surface of the guide plate 22A, 223, the guide plate 22A, 223 and the heat exchanger
tubes 21 i%%é’ﬁ%?d%%ﬁﬁ?@é&%&yp|‘§%et 2%?%%305 Hrtafiged it et Gith &aéh dther so as to

exchange heattherehetwees. (0863]:n1 s Merggyer dfalang-residensedime of the liguiddropping
from above needs to be secured, the guide plate 22A, 223 and the heat exchanger tube 21

immediately’ab8vé e Giiide prate 924223 Aresgaced at af intervarargérthart a%iroptét diameter
level becayse the liquidiD s desired t drop framytbe:heat exchanger, (uhes %%P%"%%% gyide plate

22A, 223 below them without flowing down due to the surface tension or the capillary attraction.
to liguid reservoirs 27, Z7B, respectively, and to provide a

coolant~absorbaer separation louver 2% in an upper border
portion between the evaporatcr and the absorber.
[ 0054]

Next, with reference to Figs. 3 to 11, description is
provided below for the guide plate Z22A, 22B, which is one of
the features of the present inventicn, provided between upper
and lower arrays of heat exchanger tubes 21, and for a
relationship between the guide plate 22A, 2ZB and upper and
lower heat exchanger tubes 21.

[ 0055}

In view of improvement in heat exchange efficiency, what
is impertant for the heat exchanger tubes 21 is that an equal
amount of liguid D evenly flows down onto every heat exchanger
tube 21. For this reason, 1t 1s necessary teo avold a phenomenon
in which the liguid D flows down from one heat exchanger tube

21 in an upper array onto two heat exchange tubes 21 in the lower
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[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 Jiquid. D to pe-dronped,, and hy corrygating or flding the plate

material. [ 0066 In addition, as illustrated in Fig. 8, the flow-down holes 22b are formed in the right
and left side's of thiedowest part o thé depredsed portion22a by hiaking lcatstir: any: shape selected
from a halgiclzligqle, aLUiSh e.a V%h%p%,rq:block-u shape, a nail shape, and a nail shape with crack
tip, which has ot% encﬁlpom S I%ca?ed &1 afimdst the center line of the lowest part, and then by making
a valley foldatthe 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. 948 fofm&dBYFmaking eutg2d 8 hdiPchiie shabé A O <HApR A% shdpe, a
block-U shape:8 nailbshape,a nail shapewith crack,tip or the like in the yalley fld;parts, and by

causing protrusions (nail portions or tongue portions) 22c¢ to jut out from the valley fold parts when the
valley fold® dreamade s aerés it 8Brie df e Protrdsivrs e e shopés th Whichighitinglined

surface to ig left.olihe alley, (o pagt.exiendsda-iediht of M, vallevfald part anddhe.giher some

protrusions 22c form slopes in which an inclined surface to the right of the valley fold part extends to
the left of thearalley $bldipart: Here, thekcuts @2ddorfdrming:therprotrusions @2¢€ are nade: by press

shearing, and ﬁt([ienform(:;:L(%I1 St ch that 3%%% flesaﬁ{%es %Sne{le%l\?%?wgé %%eri%w gggg SarFrIgitlsSng:kmg out on

the upper Stirface of the gwdlenﬁgtg i d}é
in the right-and-left direction. This can be achieved in a way

that the following guide plate Z2A, 22B having an appropriate
level of transmissicn properties to the liquid D is arranged
between the upper and lower arrays of the heat exchanger tubes
21,

[ 00BY]

The Theat exchanger tTubes 21 are each arrangead
substantially horizontally and form an array in the same
horizeontal plane. Then, the arrays of heat exchanger tubes 21
in the horizontal planes are stacked on top of another in the
vertical directicon as illustrated in Figs. 2 and 4. Then, as
illustratedin Figs. Sand é, aplurality of heat exchanger tubes
21 are arranged in arrays spaced in the vertical direction, and
aguide plate 2ZA, 22B having depressed porticons 22a 1s 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 2237, 228 is
arranged such that the lowest parts of the depressed porticns

(valley portiocns) 22a are disposed near the respective crest
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[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 223, of thevalley:fold:parts by an inclipation.ofithe inclined surface, wetting; or capillary
attraction. In this event, the liquid D dropped on the left inclined surface because of a leftward
inclination ‘akcurid te b & axiss of wie heat lexdhzmngertabe 21¢ fokexanple, rbleckedyardund the
flow-down holes I%@P%@%'%‘Qg" éstigflgn Quton thgnuig)pte{ surfgcequ JQ gg{deesplatgﬁzgg, thereby
flows down aréund the flow-down holes 22 while being guro%'d to tlhe”“pro rusions 22¢. and then flows
on the slopés=aktherprotrasions22cdewn ta the:=slightlysright of theywalleyfold swhergthediquid O is
dropped and moved to the heat exchanger tube 21 in the lower array. In the same manner, the liquid
D droppeddrt HEfGitfclined surface is guided around the "burrs” down to the slightly left of the
valley folds,owiene 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 exchangéftibe 23 immédiatély below &S ilRistared in' FRy. 915 8¢eR 3 tHeoBase here an

inclination aroynd the, tube axis pf the heatexchanger fuhe;21, ogeurs. Jtshould he noted that itis

preferable to prevent the dropped liquid D from passing through the guide plate 220 to the back
surface (lowsr stwface) thereofunrtil 4he diquid-D redchessthelpretrdisions22oonedrethenadiey folds. For
this purpose ig'sepreferable that the "burrs" of thg;unch holes (r}qt illu ttr]ated in,the flat surface

portion sti&fod 6n the ﬁ%ﬁgro élﬁir%élc%. VOBIT™ i this trﬁ‘le{fﬁeod, ds illustrated (fineFPg.éfo both the

right and left sidesef the outer isyiface efitbe heatexchangeriube?  intherlgwerarray are expected
to be utilized more surely even when an inclination occurs more or less. Moreover, as illustrated in Fig.

10, when th8 protrUsTSIis 22 of tHe 'Gomfc pi&R 296 aré 7 Bdntatt Stk theaieREexeRERg& tubes 21 in

the lower array; the guide pl@ﬁ&%%qi@blyt%ﬁ% ony the;heat gxchangertubes 21 instheilgwer array,
and also makes heat transfer through heat conduction by utilizing the increased contact area. Thus,

heat transfel 5 §Grely) madefref the gaiteeplaie 22020 ke hearekaisiger tulvess 22 1[0070]

the upper array even under & condifion in which an inclination
(sideways inclinaticn (heel) + sideways swing {(roll)) occurs
at an inclination angle B within a predetermined angle range
Ba set in advance in a plane perpendicular to the tube axes of
the heat exchanger tubes 2
[0059]

In crder to make the upper and lower heat exchanger tubes
21 correspond to each other on the cne-to-one basis, the guide
plate 22A may be formed of a symmetrically-shaped corrugated
plate or folded plate as illustrated in Fig. €, 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 kasis by using the guide plate 22A formed of

an asymmetrically-shaped corrugated plate or folded plate as
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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 formed;by using 4 grating R2g-inuhich rmetal:maferals ars-interiocked:in a lattice
form, a grating may be used in which flat bars 22ga are arranged parallel to each other and rod
members 22gly ard arrahged betwesnd and joihba 16 pbriidnsacdr the base sides ofiseflat bars 22ga.

In this case, the guide plat Zg%c gbelf rmed by press working-fo corrugate the grating 22g in such
e for st AR 81 G Hotabon Tl N bt oaih teihe Sralias 230 the I5UR mate can be
equal to am intetvald:2 between theysheat exthangen tuhes 2k dricidehtallys the intehsat & e between the

flat bars 22ga in the grating 229 in the folded state maybe set to half of the lateral_interval L2 between

the heat eXchaTyertubas™2 T Rl GlteriatdSSHes GFtHE fidt BAS TG WHilH Tonte to the-fower side,

may be arrangedontepof ire erest peitions of the-beatexchanaartubes 244[0072k tnAccording to
the falling film heat exchanger 20, the absorption refrigerator system 30, and the ship, the offshore

structure ahefthe et érivdteroffshere stGétard Heseribéd above? the fquidtdistibBtBP16 in the falling
film heat exghanger20.distributes,a liquid I such as,a ceqlant or an absorber evenly,. aad drops the

liquid D onto the crests of the heat exchanger tubes 21, even when the ship or the like inclines or
swings. Thus tie liquid D dropped from the heat exchanger tubes 21 located in the upper array can

surely fall onto the surfa&g&of the hgste ex%ll@é;er ttél%%s g%}l\oceggg in the lower array, Jy\%mch makes it

possible to avoid dieqeﬁora“fioﬁoo?hea exghange gf]fimency. +8 arrange

the depressed portions 2Za of the guide plate Z2ZA, 22B being
in contact with the crest portions of the lower heat exchanger
tubes 21, so that the liguid 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 Z1
can be covered with the liguid films in the cross sectional
plane; and the gulde plate 2ZA, 22B can function as a heat
dissipater or absorber fin provided to the heat exchanger tubes
21 by causing heat exchange betwesen the guilde plate ZZA, 22B
and the heat exchanger tubes 21. If the guide plate 224, 22B
and the heat exchanger tubes Z1 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 siliconmaterial filledwith a ceramic filler
or any other material may be inserted between the guide plate
22A, 22B and the heat exchanger tubes 21.
[ 00617

In this guide plate 227, 22B, the flow-down holes 22Z2b may
be opened cnly near the depressed portions 22a or over the entire

plate. In the case where the flow-down holes 22b are opened
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[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

arrangementof the guide plate 224; 223; 25 having pogionsydepressed from the yppet side, the
liquid D flowing down on the outer surfaces of the respective upper heat exchanger tubes 21 are
conveyed o fHeloNE Hedt ekefangér e’ RatingithelgiteioienéedireSpondénces to the

upper heat exchanger fubes. 21 avenif fiere oceurs an inclingtian 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 Sirety drappedonto thercrests-of thg heahexcharrge: tulfes 21 imthenextilower array. [

0075] hMoreover evenin a h}ggtseéclhan er tubde bank %rr%nger]_]fnt thc%re q lar e&anber of heat

t_exchangern ) . order no 0, 2 Ligui
exchanger ftibes &i€ arrayed in e vertical direction than in the lateral"direction; pgr ormance

deterioratign sitieda an: ticlinationdp dherplane perpendiewar tothe tube axps canche avagided and thus
an effect of reducing the layout area necessary for installation can be produced. Further, such heat

exchangef-ttbebarkCarrarnigement alss prodlices diveffétt bf Aidwitlg-employment of simple

distribution gmthe 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 dispositich efthe disgibatibhtanieil fegid ieesentebobthethéatexeh@fger tubes 21

in the !O”Q%tgdﬁ%aﬂ%rr%%téogE”%%%%i%}go?gfﬁ e tth£'}{%?1i%:~e Ehu?;:'FQgéhs‘?f_ mfed%‘{l‘@%g%ﬁ%’%% thus to keep
the height of the whole apparatus low. thermore, the configuration includihg the dischargers 12
formed of 8tih, pipeR with flee same shapeefiiatizes:the flgidbrasistance incdiseharging, so that the
amounts of liquid D dischar%;(ed from the outlets_of the stub pipes c%n be easily e,qjyalized to each
not to blocdk the passage of the gas. In acdition, since the
other. [0077]
generation and absorpticon processes of the gas procsed not only
on the surfaces of the heat exchanger tubes 21 but alsc on the
surface of the guide plate 224, 22B, the guide plate 224, 2ZB
and the heat exchanger tubes 21 immediately below the guide
plate 22A, 22B are arranged in contact with each other sc as
to exchange heat therebetween.
[ 0063]
Moreover, if a long residence time of the ligquid Ddxopping
from above needs to be secured, the guide plate ZZ2A, 22B and
the heat exchanger tube 21 immediately above the guide plate
22A, 228 are spaced at an interval larger than a droplet diameter
level because the liguid B is desired to drop from The heat
exchanger tubes 21 onto the guide plate 223, 228 beliow them
without flowing down due to the surface tension or the capillary
attracticn.
[ C064]
in addition, as illustrated in Fig. 8, the lowest part

of each of the depressed portions 2Za of the guide plate 224,
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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 Wi%@ej_%hi@é%@@cﬂﬂa%@@?t@m@@%f@@g&ﬁd@ﬁnﬁiﬁ@gg%ﬁt@%Qﬁl% k& FOll @ys direction).
With this configuration, the ship can produce the similar or same effects as those of the above falling
film heat ex&farfger0. {0070pnal Fukfiermote.cant bffsHételstelictureland @Avtderwates offshore

structure °<§8”%%%‘“@fﬁﬁa%%%{dﬁ}%tol@%tPVS%e%%QV%Q%O&%eo%%‘i‘BBe with.the abgye falling film
heat exchanger 20 or the above absorption refrigeration system 10, and thereby can produce the
similar or $ame effects agthoselof thecabevecfalling film: kedt exehlranges 20.Herd«f the offshore

structure retrg1 unde%/vater offs,rh%re Strugltqureglas}a shij;_)(-:!ik§ Aslhape, preferable installation is such that
the longitudina diréction df the distriblifion’ area’of thé heat e%?cﬂqanger tubes or instead, if the area is

square, the direstion of one side of the square is aligned with the ship longitudinal direction.
INDUSTRIAL APPLICABILITY [0080]

This guide plate 223, 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]

Inaddition, as illustrated in Fig. 8, the flow-down holes
22b are formed in the right and left sides of the lowest part
cf 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
peints 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 setf 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 wvalley fold parts, and by causing
protrusions (nail portions or tongue portions) 22c to jut cut
from the valley fold parts when the valley folds are made. As
a result, scome of the protrusicns 22¢ form slopes in which an
inclined surface to the left cf the valley fold part extends

to the right of the wvalley fold part and the other some
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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 applica%%@ﬁt@khB/p@§@fzf@£i%ﬁlmﬂe@ﬁgécbm@@{%ﬂsa%di%y%@@ in.anrabsorher; @o evaporator,
a distiller, a concentrator, and an absorption refrigeration system each using a falling film heat

exchangert had is @isé brogdiy isalle el aship, ar oishere stiueturecarnd ah Lnderwates vffshore
structue. EXPLANATION,OF REFERENCE NUMERALS 90811 1ayid dtbuloy A 1gistrbutir

tank 12discharger 13first distribution passage
are made by press shearing, and are formed such that "burrs

(flashes)" gensrated by the shearing are left sticking out con
the upper surface of theguide plate 22C {the inside of thevalley
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 22C.

1 00e8]

The Iliquiddroplets D flowing down from the heat exchanger
tubes 21 in the upper array are recelved on the mountain fold
parts of the gulide plate 22C and are guided to the depressed
portions 22a of the valley fold parts by an inclination of the
inclined surface, wetiing or capillary attraction. In this
event, the liguid 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 22C, thereby filows down around the flow-down
holes 22b while being guided to the probtrusions 22¢, and then
flows on the slopes of the protrusions 2Z2c¢ down to the slightly
rightT of the valley fold, where The 1iguidD is dropped and moved

to the heat exchanger tube 21 in the lower array. In the same



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

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 liguid D is dropped and moved to the heat
exchanger tube 21 in the lower array. This produces an effect
of causing the ligquid 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 cccurs. It
should be noted that it is preferable to prevent the dropped
liguid D from passing through the guide plate 22C to the back
surface (lower surface) therecof until the liquid D reaches the
protrusions 22c¢ near the valley folds. For this purpose, it
is preferable that the "burxs" of the punch holes (noct
illustrated) in the flat surface pertion stick ocut on the upper
surface.

[ 0C&9]

In this method, as illustrated in Fig. 11, both the rignht
and left sides c¢f the outer surface of the heat exchanger tube
21 in the lower array are expected to be utilized more surely
even when an inclination occcurs more ¢r less, Moreover, as
illustrated in Fig. 10, when the protrusiocns 22 of the guide
rlate 22C are in contact with the heat exchanger tubes 21 in
the lower array, the guide plate 22C stably stays on the heat
exchanger tubes 21 in the lower array, and also makes heat
transfer through heat conducticn by utilizing the increased
contact area. Thus, heat transfer is surely made from the guide
plate 22C to the heat exchanger tubes 21.

[ CCT70]
In addition, the right sides of Figs. 8 and 9 illustrate

an example where the plate material 22C i1s protruded by
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22adepressed portion (valley portion) 22bflow-down hole 22cprotrusion (nail portion, tongue portion)
22dcut 22eridge 22ggrating 22ga flat bar 22gb rod member

processing to have ridges Z2e orthogonal to the valley line.
Specifically, the plate material 22C is provided with V-shaped
cuts 22d and the ridges 2Z2e of mountain folds for the purposes
of more actively guiding the liquid D to the protrusions 22c¢,
and for preventing the liguid 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 1s 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 cach 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 L1 between the
flat bars 2Z2ga in the grating 22g in the folded state can be
equal to an interval LZ betwsen the heat exchanger tubes 21.
Incidentally, the interval L1 between the flat bars 2Z2ga in the
grating Z2Zg in the folded state may be 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 liguid distributor 10 in the falling film heat exchanger

20 distributes a liguid D such as a cooclant or an absorber evenly,
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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)

and drops the liquid D onto the crests of the heat exchanger
tubes 21, even when the ghip or the like inclines or swings.
Thus, the liguid D dropped from the heat exchanger tubes 21
located in the uppsr array can surely fall onto the surfaces
of the heat exchanger tubes 21 located in the lower array, which
makes it possible to avoid detericration of heat exchange
efficiency.

[ CC73]

With the configuration cof the liguid distributor 10, in
particular, the liguid 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 4% degrees in the
longitudinal direction of the heat exchanger tubes 21, the
liguid D can be continucusly supplied to the heat exchanger
tubes 21. Conseguently, 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 224, 2ZB,
22G having portions depressed from the upper side, the liguid
D fiowing down on the outer surfaces of the respective upper
heat exchanger tubes 21 are conveyed ontce the lower heat
exchanger tubes 21 having the one-toc-one correspondences to the
upper heat exchanger tubes 21 even 1f there occurs an
inclinaticon within a predetermined angle range set in advance
in a plane perpendicular to the tube axes of the heat exchanger
tLubes 21. Thus, the liguid D can be surely dropped onte the
crests of the heat exchanger tubes 21 in the next lower array.

[ 0075]
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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 lowgst.payts of the depressed portions. of the guide plate. aye provided with.flow-down

holes for allowing liquid droplets to flow down onto the crests of the heat exchanger tubes, and thereby

the guide plateris configuesd tocomvey thé ligerd: flewirgrdaw obdwter surfaces of/ie respective

upper hea%%%chq;w(ggr I%t)a%s onto 3}2% %qv(\J/gr h%%ta%xch.ange;%%beigg\gng dfnec-ito-onecgorrespondences
e

to the upper heat exc%”!énger tUBES even when an Inclination within a p?fe termined an%?é range set in

advance opeursdnmasplase perpendicular tomtube-axes abtherhdatexchangemntuhes. {Claim 2]The
falling film heat exchanger according to claim 1, characterized in that the lowest parts of the depressed

portions oftREXGUide piaté Are AT iGEdIR AtEAghT Shmetitd shdpers &h 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 liguiddistributor
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 tominimize the length
of the downslope and thus to keep the height of the whole
apparatus low. Furthermcre, Lhe configuration including the
dischargers 12 formed of stub pipes with the same shape
ecualizes the fluid resistance in discharging, sc that the
amounts of liguid Ddischarged from the outlets of the stub pipes
can be easily equalized to each other.

[ CO77]

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}

In addition, a ship of an embodiment according to the
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[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 OJp%é@@{@t&Wﬁa%n% Hdge substaptigllyperpendiculartoia walley lines of each of the
depressed portions of the guide plate so as to prevent the dropped liquid from moving, over the guide

plate, alongRe¥alEy iK€ of thé depressed portion bt ineguiéplater fClamm 61Thefallihg film heat
exchanger.aceording.to.any ong of claims 1, o9, charaglenzed NINat oo pution area
of the heat exchanger tubkes or instead, if the area is square,
the direction of cne side of the square ig aligned with the ship
longitudinal direction {the fore-and-aft direction of the hull,
i.e., roll axisg directicn). With this configuration, the ship
can produce -the similar or same effects as those of the above
falling film heat exchanger Z20.
[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 asg those
of the above falling film heat exchanger 20. Here, if the
offshore structure or the underwater cffshore structure has a
ship-like shape, preferable installaticn is such that the

longitudinal direction of the distribution area of the heat

o

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 ags 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
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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
continuousfy qé@@d&%gg@arls%ﬁem the valley fold line, and the, protrusion,of;an inglined surface
to the right of the valley fold line is configured to form a slope continuously extended to the left beyond
the valley faidh firrez [Claimt7] Ehe-falling film heat-éxchandercaceording tolanytore of elaims 1 to 6,
characterizi%cliigsthﬁtotgg tde%%sgeglkpgrt?n%eog tt}ie?cllgide plagcei are, ;pccéonta(:rxi wi@otjtl cg%st portions of
the lower hea exchangergfu es. [Claim ]?An abso“rptla/d re?rlgeratlon sys(feam characterizéd in that

the systemreamprises: thienfailing-filex baatexchanges ageording tarany pnerod claimsnk ta 7.
is applicable to all types of falling film heat exchangers, is
widely usable in an absorber, an evaporator, a distiller, a
concantrator, and an absorpticn refrigeration systemeach 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

10 liguid distributor

11 distribution tank

12 discharger

13 first distribution passage

14A, 148 second distribution passage

14a partition plate

14b distributicn hole

i5 tray

20 falling film heat exchanger

208 evaporator

208 absorbher

21 heat exchanger tube

228, 228, 22C, 22D gulde plate

22a depressed portion (valley portion)
220 flow-down hole

e protrusion (nall portion, tonguse portion)
22d cut

22e ridge
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[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 te 7 or the afsopfion refrigeration system according to claim 8.

220ga flat bar

22g9b  rod member

23, 24 tube plate

25 partition plate

26, 264, 26B bottom portion

27A, Z27B liguid reservoix

28 parapet

29 coolant-absorber separation louver
30 absorption refrigeration system

b, Da, Db Liquid {ligquid droplet)
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CLATIMS

[ 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 liguid
droplets to flow down onto the crests of the heat exchanger tubes,
and thereby

the guide plate is configured to convey the ligquid flowing
down on outer surfaces ¢f the respective upper healt exchanger
tubes onto the lower heat exchanger tubes having one~to-one
correspondences te 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 £alling film heat exchanger according to claim
1, characterized in that the lowest parts of the depressed
portions cof the guide plate are each formed in a left-right

symmetrical shape.
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[ Claim 3] The falling fiilm heat exchanger according to claim
1 or 2, characterized in that the guide plate is formed of a

folded or corrugated plate.

[ Claim 4] The 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 ligquid to be dropped.

[ Claim 5] The falling film heat exchanger according to any
one of claims 1 to 4, characterized in that the guilde plate is
provided with a louver or a relief structure having a ridge
substantially perpendicular tc a valley lines of each of the
depressed portions c¢f the guide plate so as to prevent the
dropped ligquid from moving, over the guide plate, along the

valley line of the depressed portion of the guide plate.

[ Claim €] The 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 & half circle, a U shape, a V
shape, a blcck-U shape, 2 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 pretrusicns formed by the cuts
to jut downward from the depressed portion, and

the protrusion of an inclined surface to the left of a
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valley fold line of the lowest part is configured to forma slope
continucusly 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 siope continuocusly

extended to the left beyond the valley fold line.

[ Claim 7] The falling f£ilm 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 charactevized
in that
the system comprises the falling film heat exchanger

according to any one of claims 1 to 7.

[ Claim 9] A ship charagterized in that
the ship is equipped with the falling £ilm heat exchanger
according to any one of claims 1 to 7 or the absocorption

refrigeration system acccrding 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 offshcere structure characterized in
That
the underwater offshecre structure is equipped with the

failing film heat exchanger according to any one of claims 1
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to 7 or the absorption refrigeraticon system according to claim

8.
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