.0 5 DEC 2005 EVAPORATOR FOR REFRI GERATI NG SYSTEM AND REFRI GERATI ON
APPARATUS USI NG THEREOF Techni cal Field The present invention rqjgpgg @g
an evaporator for a refrigerating systemwhich refrigerates an o g o]

be cooled (e.g., water, brine, etc.) by exchangi ng heat between the
obj ect and the refrigerant, and a refrigeration apparatus using the
evaporat or. Background Art In a structure of |large scale, such as a tal

bui I ding, cool water, pWApORRGORIEOR REMIGERAPING TSTEIGEARDI Ng system
is circul ated through a pi pe arrangenent disposed in the structure so

that heat is exchanged ﬁﬁ%?ﬁ?ﬁR%@ﬁjﬁqgﬁP USQUﬁﬁﬂﬁ%tﬁﬂ@BbFothe pi pe

arrangenent and air presen e spaces o the str ure decr ease
the tenperature of the spaces. FIG 8 is a diagram showi ng an exanpl e of
a conventional evaporator which may be provided with a refrigerator. In
this evaporator, a plurality of bundl es of heat exchanger tubes 2

t hrough_ whi ch water passes is di sposéethnrcadFgtddggered formin a
cylindrical container I into which a refrigerant is introduced. The

plurality of heatTexpRasagdelvdntibe sel2tcsrayarbevaghovitelefdr b néfegéwiing 65 which
nanmely, a group of entering tubes which comunicate with a water

entrance 3 ¢ 2,gL OYPLRL: to%'ctobfég (& gb%té’ihbﬁﬂeg% é)&ﬂ&:ﬁgriﬂ%h%t%e&@éeﬁ r

exit 4. vater enters fromthe ma er “éntrance asses t hea

exchanger t 2. of nter ub U cont ai ner to reach
et or cndlbaPEhtie bdHFEr o) Rl pireRiei R raPelh ysedhEe Mibelgh” | he
heat exchanger tubes 2 of the exiting tube group to exit fromthe water
exit 4. During this process, water is cooled down by heat exchange with

the refrigerant
Background Art

In a structure of large scale, such as a tall building, cool water, which has been
chilled by a refrigerating system, is circulated through a pipe arrangement disposed in :
the structure so that heat is éxchanged between the cool water circulating in the pipe
arrangement and air present in the spaces of the structure to decrease the temperature of
the spaces.

FIG. 8 is a diagram showing an example of a conventional evaporatcr which
may be provided with a refrigerator.  In this evaporator, a plurality of bundles of heat
exchanger tubes 2 through which water passes is disposed in a staggered form in a
cylindrical container 1 into which a refrigerant is introduced.

The plurality of heat exchanger tubes 2 may be divided into two groups, namely,
a group of entering tubes which communicate with a water entrance 3 and a group of
exiting tubes which communicate with a water exit 4. Water enters from the water
‘entrance 3, passes through heat exchanger tubes 2 of the entering tube group in the
- container 1 to reach a water chamber (not shown in the figure), and then passes through
the heat exchanger tubes 2 of the exiting tube group to exit from the water exit 4.

During this process, water is cooled down by heat exchange with the refrigerant



.0 5°'DEC 2005 2 introduced into the container ], and the refrigerant

whi ch received heat fromthe water, in turn, boils and vaporiﬁeqs T,
vapori zed refrigerant is then conpressed in a conpressor, whic %Ecn )
shown in the figure, and transferred to a‘_condenser. In the

above-menti oned type of evaporator, howevér, when the refrigerant is

boi | ed around the heat exchanger tubes 2 and vapor is generated, droplets
of the ref mtgeuant inkr theabhrimebll pamd thpwaridsrabywhiob ré@ied heht frtva the water,
refrigerant vapor. Then, sone of these droplets of refrigerant are
someti mes dipibn, U9 ahMQasthR¥e- menti oned conpressor and cause probl ens,
such as a decrease in the performance of the conpressor or danage to an

paces among  neat ex SRaRgar T Ean) SR T eeEl RE SoRBREANRARATA - &

exchanger tubesin an uF- and-down directi qn as pat hways for bubbl es
gener at ed wWHEWVR Hehp DepTey ardien$grqddo 49089¢M5Fke of the refrigerant vapor
bl own upwards fromthe opening of the passages is increased in this
case. Accor di ngl yIn teaebefe-misationsidarpsobfvappratqr lexegier whearth¢ oriripgrantgs
provi de an evaporator for a refrigerating system which is capable of
preventing bbitasnarupydbithd heafexchiarpet gibss Dfand Reporeéd gérgeataditdropied ofl the
refrigeration apparatus using the evaporator. Disclosure of Invention The

present i nvemti QantO¥RELBIoN) ENARA B Bk HRE o@tH&%fﬁ%‘?&rﬁ%B&. SYHtLome
including a container into which a refrigerant is introduced, and heat

gé 3{‘2393{)“}15’1?@%% ﬂjoél(%%;oﬁﬁglir%afatﬁ?ax%%g}n%itiﬂl%g AP G e ARnBBAGST O be
| compressor and cause problems, such as a decrease in the performance of the
compressof or damage to an impeller.

Although attempts have been made to create open passages (i.e., spaces among
heat exchaﬁger tubes) ‘along the bundle of the heat exchanger tubes.in an up-énd-down
direction as pathways for bubbles generated when the refrigerant boils, the force of the
refrigerant vapor blown upwards from the opening of the passages is increased in this
case.

Accordingly, one of the objects of the present invention is to provide an

evaporator for a refrigerating system, which is capable of preventing blown upwards of

droplets of the refrigerant, and a refrigeration apparatus using the evaporator.

Disclosure of Invention
The present invention provides an evaporator for a refrigerating system
mcluding a container into which a refrigerant is introduced, and heat exchanger tubes
disposed in the container through which an object to be cooled down flows, comprising:
a prevention plate disposed above the heat exchanger tubes so that droplets of the

refrigerant, which are blown upwards due to boiling of the refrigerant, hit the prevention



.a prevention plate disposed above the heat exchanger tubes so that
droplets of the refrigerant, which are bl own upwards due to bohgjmglﬂm5
the refrigerant, hit the prevention 0 5 DEC 2005 3 plate and ar
prevented from proceedi ng beyond the prevention plate. In accordance with
anot her aspect of the invention, the heat &xchanger tubes are divided
into a plurality of vertically spaced groups so that a space is forned
bet ween t he pigE ePareQreddpedeah pacRangaeybhdes prévenast piad. direction;
and the prevention plate is disposed above the space. In yet another

aspect of the invaptiofyaJe,if é{o‘ﬁp&%sg&ttY}?%liﬁ\%tigg,gﬂé?'B%étg&tcgzgl%teftubg@ﬁe

t he heat exchanger tubes at an uppernost level Is a I nes

t he di anmeter,. .of , a_heat exchanger iube ich is |l.ocated at .t he upper nost
evel 1 ydividish it PRSTALET OF ALY FRRFEREI GRS S HEY BByt F ORI S HAL a
cross section shaped |like an inverted letter "v", "U', "W, etc., and
the angl e ofreups opilinst pxshapgattebdsgn veeisphdiaestion; 3 the pieéntiabplate 160 and
120. In yet another aspect of the invention, an end portion of the
prevention pisgpbed dovells sphcd.east a part, preferably, half or all, of a
heat exchanger tube which is |located at the uppernost |evel of the heat

exchanger tubes and ybsaReiecaa§ict bPthk Ry ditieN SRE dRfnRt BEGvech Mhe/SlevaiPhiite
aspect of the |nveng|on, a group of the heat exchanger tubes facing an

i nner surfagg,gfe lliéa??)?ct%ﬁ}égéﬁe esla? aﬁ gﬁg@rﬁﬁgt %Qeltigg‘%oﬁ O.SSpf%Cf"%i}n%s ﬁl%rcg% eter

between the group o at exc er tubes and the container ong
the inner surface of the ont.ai ner; and a preventian plate is disposed
above the sﬁgég?mfﬁémﬂﬁﬁégﬁ?‘WH@%WHPﬁHe ﬁ§BgBPHVF@§%e refrigeration
apparatus, conprising: a_conpressor for conpressing a refrigerant; a
condenser for cond@nsiagthendsneacydlethgiimeentine. the prevention plate has a cross section

shaped like an inverted letter "V", "U", "W", etc., and the angle of the prevention plate is
designed to be between about 60° and 120°.

In yet another aspect of the invention, an end portion of the prevention plate
covers at least a part, preferably, half or all, of a heat exchanger tube which is located at

i the uppermost level of the heat exchanger tubes and is adjacent to the prevention plate.

In yet another aspect of the invention, a group of the heat exchanger tubes
facing an inner surface of the container is disposed so that a space is formed between the
group of the heat exchanger tubes and the container along the inner surface of the
container; and a prevention plate is disposed above the space.

The present invention also provides a refrigeration apparatus, comprising: a
compressor for compressing a refrigerant; a condenser for condensing and liquefying the
refrigerant which is compressed in the compressor; a throttling mechanism for reducing
the pressure of the liquefied refrigerant; and an evaporator for cooling down an object to

_be cooled by exchanging heat between the object to be cooled and a resultant condensed
and pressure- reduced liquefied refrigerant, and evaporating and vaporizing the liquefied

refrigerant, wherein the evaporator is one of the above-mentioned evaporators.



.refrigerant which is conpressed in the conpressor; a throttling mechani sm
for reducing the pressure of the liquefied refrigerant; and an 035DEC 2003
evaporator for cooling down an object to be cooled by exchangi ng heat
bet ween the object to be cooled and a resultant condensed and pressure-
reduced liquefied refrigerant, and evaporéting and vaporizing the
liquefied refrigerant, wherein the evaporator is one of the
above-nmenti oned evaporators. 0 5 DEC 2005 4 Brief Description of Draw ngs
FIG 1 is a diagramshowi ng a schenmatic structure of a refrigerating

systemto which an evaporat or ngpbg&Q%ﬁBROPD“gﬁnginEnt of the present

invention may be applied. FIG I's a diagram show ng a cross-sectional
view of the refri ti ng,.system shown.in FIG. cut. al ong the TI - |

i he. CFIG 3 is allf agtsanSHet T SRR T gEd 6 SR AP © ew
of the arrangenent of a prevention plate havin% a cross section

subst ant i al Wichigaaperstoaaccqraipgrie ed embpdigrent of the presenignyentipngpagbam
showi ng a partial enlarged cross-sectional view of the arrangenent of a
flat preventppdiedpl ate. FIG 5 is a diagramshowi ng a partial enlarged
cross-sectional view of the arrangenent of a plurality of the prevention

plates. FIG 6 i SFR; PekSRBESEMShY WAV & SroSXRicBbial Witey 8T e GE MR atiRBdystem
constructi on of an evaporator 1n a refri ger ation appar atus accordi ng to

an e”bOdineﬁkvﬁin%ﬁ%.?%ﬁ?%?h ﬂkﬂ??ﬁﬁh&ﬂ- F1G 7 is a schematic piping
diagramto explain the con |%ura ion of the

FIG: 3 is a diagram showing a partial enlarged cross-sectional view of the
arrangement of a prevention plate having a cross section substantially shaped as an
inverted letter "V".

FIG. 4 is a diagram showing a partial enlarged cross-sectional view of the
arrangement of a flat prevention plate.

FIG. 5 is a diagram showing a partial enlarged cross-sectional view of the
arrangement of a plurality of the prevention plates.

FIG. 6 is a perspective view to explain the structue and construction of an
evaporator in a refri ggration apparatus according to an embodiment of the present
invention.

FIG. 7 is a schematic piping diagram to explain the configuration of the
evaporator in the refrigeration apparatus according to an embodiment of the present
invention..

FIG. 8 is a diagram showing an example of a conventional evaporator which

may be provided with a refrigerator.

Best Mode for Carrying Out the Invention

The evaporator for a refrigerating system according to embodiments of the



.evaporator in the refrigeration apparatus according to an enbodinggﬁtﬂhs
the present invention. FIG 8 is a diagram show ng an exanpl e
conventional evaporator which may be provided with a refrigerator. Best
Mode for Carrying Qut the Invention The evaporator for a refrigerating
system according to enbodi ments of the 0 $ DEC 1005 5 present invention
w Il be described with reference to the acconpanying drawings. FIG 1 is
a di agr am sprevdnngnanscheriBbe destribud witheeGireracertetird apepaipamgng dstvangs.
according to an enbodi nent of the present invention. The refrigerating

system includes g&andensgirahGhodhEXRMeHa00 shattuee ditdreaiddraingadyvem 11,
an evaporator 12, and a conpressor 13. The condenser 10 condenses and

2
i fi f{l - j Ol | th
oot o5, Sk SO, Al R FASRANAL BRccl1SRlc B 2R SARELARNIBL G (1 he
expansi on val refri

ve 11 decreases the pressure gof the condensed erant.
The evaporaH’E)H”%?a Fet "@eé'rlz)tél%e’ﬂ?‘?gm@Bd’la[vﬁét }K&Tttgr".ag‘ﬁ?) 32{:?‘]’3&1‘@??%61“?{9@'5 and a

between the cooling water and the condensed refrigerant. The conpressor
13  conpr esBRPIEFET A &f r ifb@f:@zmepsqmiomnﬁ%e%@%hw%wéuaa@%weéaﬂa by spdengiag
in the evaporator 12, and supplies it to the above-nenti oned condenser
10. The codieanbetwateroolirgf watge(tht ecblediobjhet) endferafrigerdi2 whagh may be i & zed,
for instance, for air-conditioning in a building. FIG 2 is a diagram

show ng a Wa?@ﬁpﬁ@@.ti PRakexydrRWnOfaldee defdakaemhahidigueTiiRondewa in FI G
| cut along the TI - 11 line indicated by arrows. As shown in FIG 2, the

?;?P?rgg‘ﬁ g.rntélﬁ.isée?]%%t'lrjg gﬁg gé:%%lrétgfjw Pe‘"ﬂi g&gfys "i}lilen&foli%é Wﬁé%}y@cﬁ& g'}ngrheat
| between the cooling water and the condensed refrigerant. The compressor 13
compresses the refrigerant, which has been evaporated and vaporized in the evaporator
12, and supplies it to the above-mentioned condenser 10. The cooling water
refrigerated in the evaporator 12 may be utilized, for instance, for air-conditioning in a
building.

FiG. 2 is a diagram showing a cross-sectional view of the refrigerating system
shown in FIG. 1 cut along the I - II line indicated by arrows. As shown in FIG. 2, the
evaporator 12 includes a cylindrical container 14 into which a refrigerant is introduced,
and a plurality of bundles of heat exchanger tubes 15 disposed in the container 14.

The plurality of heat exchanger tubes 15 is disposed in the longitudinal
direction (i.e., a vertical direction with respect to the sheet surface of FIG. 2) of the
container 14 and function as pathways for cooling water, which is the cooled object.
The heat exchanger tubes 15 are divided into groups, namely, a group of entering tubes
which communicate with a cooling water entrance 16a and a group of exiting tubes
which communicate with a cooling water exit 16b shown in FIG. 1. The direction of

the flow of cooling water in the heat exchanger tubes 15 communicating with the

cooling water entrance 16a is different from the direction of the flow of cooling water in



cand a plurality of bundles of heat exchanger tubes 15 di sposed in the
container 14. The plurality of heat exchanger tubes 15 is dispBé@&Cﬂﬂﬁthe
| ongi tudinal direction (i.e., a vertical direction with respect to the
sheet surface of FIG 2) of the container 14 and function as pathways
for cooling water, which is the cooled obpect. The heat exchanger tubes
15 are divided into groups, nanely, a group of entering tubes which

comuni cat etheitelt & chagldr Aghewab bmanini@miag wifhiathardolingwardpeat 16Xi ti ng
tubes which conmunicate with a cooling water exit 16b shown in FIG 1.

The direction of Th@ﬁh{r%]lgwo%e%%szkﬁéﬁ MRb&S 14 Mal be dhatd %9?@£§r¥B9b65

15 comuni cating wt cool i ng ter entrance 16a is different from
the direction of the flow_.of coolin r i,n Q5DEC 2005 e, heat
exchanger (4048 187 Dslft Cuk g SN T ALes dbt P arar B2 Te i lepg
plurality of heat exchanger tubes 15 may be divided into a plurality of
groups, forhalhethgeentamgnd4. (A pace 4 Jéd%%n%ir betypeseakh of theagroupphn I ff the g,
2) in the lower half of the container 14. A space 17 is fornmed between
each of thehagt exigsmner-tubesof5 inteevertiedtirextvmamgba spagbd$ id forined detvegenitipal
direction, and a space 18 is forned between the group A and the

contai ner ldoapongnd e doffaéler S4hafoageh®nthgirfos batheaiontdner a8 darietstRedh
the group D and the container 14 along the inner surface of the container

14. Note that gr$ ahavge W&ig&?@%lg@%&%%ﬂ& seftl 1 AL @mﬂ%@@xit f 1)€6te that

referred to as passages 17 an ihce it may be regarde at they are
formed by racting t.he corre ndi heat. exchanger. tubes 15 i Q may
be present e[?%%earg(éveorrll 6%1?1%?0%?? S S@(r)aél\%e@%l %ﬁelﬁingﬁ & ’fge ad\’/tf)r?gsg pgﬁsaig%sv@?ng . A
cross sectional, shape is g%fﬁos?d above €ECh of the gassage 7. Al so, a
bl ow- up pr eVB§ft it BRYRCAEE gy TREY BY X UqURe BheESSPPRding s ed
above each of the passage 18. The shape of the prevention plates 19 and
20 is not pachpegerdibop 1piwhicktay dadresayt theietaaigieallyhape, such as inverted
"U' and

. A prevention plate 19 having an inverted "V" cross sectional shape is disposed -
above each of the passage:17. Also, a blow-up prevention plate 20, which may have a .
flat shape, 1s disposed above each of the passage 18. The shape of the prevention plates
19 and 20 is not particularly limited, and any suitable shape, such as inverted "U" and
"W" can be used.

As shown in the enlarged view of FIG. 3, the vertical angle ¢ of the prevention

plate 19 in this embodiment is designed to be between about 60° and 120°. - The
prevention plate 19 is disposed at a position above the passage 17 so that the right and
left portions, respectively, of the prevention plate 19 cover at least a part, preferably, haif
or all, of the corresponding adjacent heat exchanger tube 15 at the uppermost level, and
that the distance between the right and left edge portions, respectively, of the prevention
plate 19 and the corresponding heat exchanger tube 15 be 0.5 to 2 times the diameter D
of the heat exchanger tube 15.

On the other hand, as shown in the enlarged view of FIG. 4, the prevention



"W can be used. As shown in the enlarged view of FIG 3, the vertical
angle e of the prevention plate 19 in this enbodi nent is desi ggﬁj ELOZdﬁ?
bet ween about 60 and 120. The prevention plate 19 is disposed g\

posi ti on above the passage 17 so that the right and |eft portions,
respectively, of the prevention plate 19 ¢over at |east a part,
preferably, half or all, of the correspondi ng adj acent heat exchanger

tube 15 at ke PR INPOSId dRVekhe RAfexdhBnferttiite TH & MACHeREEVWBOMichBerbd TNt
and |l eft edge portions, respectively, of the prevention plate 19 and the

correspondi t. e el . { b r D of
t he heat exéé%g%éégrlea?.ﬁggé‘r?gﬂh&é&?l %%aogltdﬂgér%ﬁ%ﬁg?h%é%ﬂ%\%ﬁé%}ﬁbgkgggﬁ?arged
view of FIG 4, the prev i.Q .50 C 2005 77 plate 20 is disposed
Above t he. HRRETERSERpen e b aha §sB5%s Feiefhamessgs BB Hrint R EBTCD Dter s
at least a part of the correspondi ng adjacent heat ex,changer. tube 15 at
the upper nfsand Bgeprrespogdingdicat ehanger AvRed e (e do 2ttmeesd By diapwierild af de
the prevention plate 19 and the correspondi ng heat exchanger tube 15 be

0.5 to 2 tilwesetdbengéranked 5. D of the heat exchanger tube 15. Note that
al t hough the end portion of the prevention plate 20 is dowwardly bent

in order to stop Nbe tHavhdusl OW chi @R diEoRAS pAIENHGH bRt 18 s ABRAYvardly
enbodi ment, the prevention plate 20 may have a flat shape and no

probl ens Ingﬁp&'dg%sﬁ > (Y u&a%g&’ﬁgivgpém %lrécalibar?e (fférl%viﬁ%é %vgle%l%d_%ggt;r{}}@

nunber of the heat exchanger 'tubes cont in the groups
., oo SRSl TP RS R G s BRI K BT
arranged 11 A & 2908 Sl aRie Lo,

The number of the heat exchanger tubes 15 contained in the groups A - D in the
above embodiment may be chosen to be, for instance, five hundreds.  Also, the heat
rexchanger tubes 15 in each of the groups A - D may be arranged in a staggered manner.
That is, the heat exchanger tubes 15 at an upper level are shifted by about half of the
distance, i.e., 1/2 offset, between each other in the transverse direction with respect to
the heat exchanger tubes 15 at the next lower level.

In the evaporator 12 having the above-mentioned configuration, the refrigerant
is introduced into the container 14 via a lower portion thereof. Since the refrigerant
boils when heat is exchanged between cooling water flowing through the heat exchanger
tubes 15 and itself, vapor of the refrigerant is generated around the heat exchanger tubes
15, which are mainly located at a lower portion of each of the groups A -D, and rises to
the surface through the passages 17 or 18.

Although the vapor and droplets of refrigerant bubbles up vigorously from the
opening of the passages 17, the ascent rate thereof is significantly reduced when the . .

vapor and droplets hit the above-mentioned prevention plates 19 and 20.

As aresult, only the vapor of the evaporated refrigerant exits the container 14



. That is, the heat exchanger tubes 15 at an upper level are shifteﬁi Ee/
about half of the distance, i.e., 1/2 offset, between each oth P g@é
transverse direction with respect to the heat exchanger tubes 15 at the
next lower level. In the evaporator 12 having the above-nentioned
configuration, the refrigerant is introduced into the container 14 via a
| ower portion thereof. Since the refrigerant boils when heat is
exchanged beéi irstentiset 2hg Teadt 6y, iffdcovinBgpdBitdeighprehent ieadropkshdngigerahtibes
15 and itself, vapor of the refrigerant is generated around the heat

exchanger tmﬁ%ein%% PP (B SoBleBoY 15 Qg th BIG.a. | QWRE 1Rt on of each
of the groups A -D, and rises to the surface through the passages 17 or

18. Al t hough .t n lets of refrige | es lgor ously
fromthe  abenr it BPRH 28. SE AR Eh Boflny FEVERAR B The PURRERLIR o™
significantly reduced when the vapor and droplets hit the

above- nent i“CHEEYFevent i on plates 19 and 20. As a result, only the vapor
of the evaporated refrigerant exits the container 14 0 5 0 E G 2005 8
via the deni ster 24meTherediabové,tactradnges tposepiratortod tps embadinteheotiibopl et s
of refrigerant from being supplied to the conpressor 13 shown in FIG 1.
Not e that tpiesenalnoeeideincotiRpraapaon pfatdshied arelf20 gevanthd dopleppfi ed to
the conpressor 13 and is conpressed. As nentioned above, according to

the evapor gt@fgefint bling vRIRPHHWEAL b&orldBe pRELSIOUNGIDME M htaiddrNGeHehe
prevention plates 19 and 20 prevent” the droplets of refrigerant being
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damage to an impeller.

Note that although the prevention plates 19 and 20 are disposed only above the
passages 17 and 18 in the above-mentioned embodiments, droplets of refrigerant may
sometimes be blown upwards rby bubbles of the refrigerant which ascend between the
heat exchanger tubes 15 in each of the groups A - D.  Accordingly, the prevention
plates 19 may be disposed so as to cover all of the heat exchanger tubes 15 of the groups
A - D asshownin FIG. 5. Inr this manner, it becomes possible to assuredly prevent the
droplets of refrigerant from entering the compressor 13.

In this embodiment, although each of the prevention plates 19 is disposed so as
to be vertically shifted relative to each other and to overlap, when viewed from the
above, with adjacent prevention plates 19, it is possible to arrange the prevention plates
19 in a different manner.

Also, although the passages 17 and 18 are provided in order to decrease the

_.amount of bubbles in each of the tube groups A - D in the evaporator 12 according the
above-mentioned embodiments, the present invention, which can prevent the droplets of

refrigerant from blowing upwards, may also be effectively and suitably applied to an



-damage to an inpeller. Note that although the prevention plates 19 and 20
are di sposed only above the passages 17 and | ~ in the above- neaits 8l
enbodi ments, droplets of refrigerant may sonetinmes be bl own upwards by

- bubbl es of the refrigerant which ascend between the beat exchanger tubes
15 in each of the groups A - D. Accordi ng‘l’y, the prevention plates 19
may be di sposed so as to cover all of the heat exchanger tubes 15 of the
groups A- vaposhovmnving ol i@s5agehil 7ehd d8manner, it becones possible to
assuredly prevent the droplets of refrigerant fromentering the

conpressor 13. | nThdhétextinapaenbes B dlbaughgehiahhoftagfiweprrviaatiheacpbfat es
19 is disposed so as to be vertically shifted relative to each other and

to overlap, e, %'A@\A@qnftﬁ@%memelﬁmﬁé@em\{ybam@ﬂi @C&ﬂaan&rtﬁx‘ésﬁﬂa&rbeab@ehes
19, it is pos bIe to arrange the preventlon p ates 19 in a di fferent

manner . t hou assa es 1 n order to
decr ease thgé rgfl rr?{]g%rfé% I%IE? cé“ sy L}?e%?s Flnd eoéef J%%g ol trans&“?itet he
evaporator 12 according the above-nentioned enbodinents, the present

i nvention, REEVEn Esw- prevent the droplets of refrigerant from bl ow ng
upwards, may al so be effectively and suitably applied to an 05BEC2005 9
evapor at or havi ngNexs, hesyagdsstiiictuae df 4 &frig¢retipreappastohmeleting thses 15 are
arranged in the staggered manner in each of the groups A- Din the

above- nent i aed-nedntiodédTevipdrdtor &RbANMECE ol dheernsissdiaeht dfehavpeBenttifention will
refrigerant and the heal exchanger tubes 15 and to inprove the heat

transfer rafex PEhdeRANL tden NexEiGe.enaveral | structure of a
refrigeration apparatus including the

The refrigeration apparatus shown in the figures includes the above-mentioned
evaporator 12; a compressor 13 for compressing the refrigerant vaporized in the
evaporator 12; a condenser 10 for condensing and liquefying the refrigerant compressed.
in the compressor 13; an expansion valve (throttle valve) 11 for reducing the pressure of.
the refrigerant liquefied in the condenser 10; an intermediate cooler 25 for temporarily -
storing and cooling the refrigerant liquefied in the condenser 10; and an oil cooler 26 for
cooling the lubricating o1l for the compressor 13 by utilizing a portion of the refrigerant
cooled in the condenser 13.

Also, a motor (a driving mechanism) 27 1s connected to the compressor 13 for
operating the compressor 13.

The condenser 10, the throttle valve 11, the evaporator 12, the compressor 13,
and the intermediate cooler 25 are connected via primary piping 28 to constitute a closed
system in which the refrigerant is circulated. |

The compressor 13 in this embodiment is based on a 2-stage (multistage)
centrifugal compressor, a so-called turbo compressor, and this turbo compressor 13 is
provided with a plurality of impellers 29.  The refrigerant is compressed in a first stage

impeller 29a situated in the upstream side of the impeller 29, and the compressed



. above-nenti oned evaporator according to an enbodi ment of the preseﬁg
invention will be explained with reference to FIGS. 6 and 7. TR C 7005
refrigeration apparatus shown in the figures includes the above-nenti oned
evaporator 12; a conpressor 13 for conpressing the refrigerant vaporized
in the evaporator 12; a condenser 10 fotUcondensing and |iquefying the
refrigerant conpressed in the conpressor 13; an expansion val ve
(throttl e vefrigejank islled orto tigdsecbnd)sthfreingreiss@tetodfe, conipresse furtlge padithen
liquefied in the condenser 10; an intermedi ate cooler 25 for tenporarily.
storing andegaglthd\&ideaseretri gerant liquefied in the condenser 10; and an
oil cooler 26 for <cooling the lubricating oil for the conpressor 13 by
utilizing a porti ; I . ?i i [ . Al:so,
ot or | (a dri vi ng oL R B EORcE 10 kRE 1 SOBIERRE 0 iy
operating the conpressor 13. The cqndenser.10, the throttle valve 11, the
evapor at or BEURE CERNFEOEgPdthe FIHR AR e RHRFHRRLI B5IPER conicRsd
connected via primary piping 28 to constitute a closed systemin which
the refri gdPanpdihendp tlaugudrewlermiid. cblopicses e porten;of thhiedri garpeidiopteddn the
based on a 2-stage (nultistage) centrifugal conpressor, a so-called
turbo conpmessoondeand ltOhiisirtudibcedcianpthe 98 @polkB 26 swithprwo pachech the-dughahe
plurality of inpellers 29. The refrigerant is conpressed in a first stage
i npel ler 29apbsbblepl @8 tb BodiiBe URsich@AMiSI de of the inpeller 29, and the
conpressed 0 5 D EC 2005 10 refrigerant is led into the second stage
| mpel | er 29D 10 bass O 8358t dthlDBlocB0da hiHn T8 ek Red if SORAGNSE! 10
The condenser 10g?%dl es a néinocoﬁégnsé?E lggoan 3 st -cgo?er%P %b
whi ch is main condenser 10a 1s introduced into the casing 31 of the motor 27, which will be

explained later, without passing through the sub-cooler 10b, and cools stators and coils

which are not shown in the diagram.

The throttle valve 11 is disposed between the condenser 10 and the intermediate

cooler 25, and between the intermediate cooler 25 and the evaporator 12, and they are

used for stepwise reduction of the pressure of the refrigerant liquefied in the condenser

10.

The structure of the intermediate cooler 25 is equivalent to a hollow vessel, and

the refrigerant which has been cooled in the main condenser 10a and the sub-cooler 10b

and reduced in pressure in the throttle valve 11, is temporarily stored therein and 1s

subjected to further cooling. Here, the vapor phase components in the intermediate

cooler 25 are introduced into the second stage impeller 29b of the compressor 13

through the bypass piping 23, without passing through the evaporator 12.

Industrial Applicability
According to the evaporator of the present invention, since the prevention plates

are disposed above the heat exchanger tubes so that droplets of refrigerant, which are



mai n condenser 1 Ga and then to the sub-cooler | Cb. However, a

of the refrigerant cooled in the nmain condenser 10a is introduced into
the oil cooler 26, wthout passing through the. sub-cooler 10b, to cool
the lubricating oil. Also, apart fromthé above process, a portion of the
refrigerant cooled in the main condenser 1 Oa is introduced into the
casi ng 31 bbwnhgwadowheythewhfriderantt id bdiled, laik flegirmethtioatpdates, Wi droplets of
passi ng through the sub-cooler | 0Ob, and cools stators and coils which
are not shewigdrintdient @givarthto thecdhpebdore uatorginkly, ithedompopeditetoreen
the condenser 10 and the internediate cooler 25, and between the

i nt er medi af\gig ?Qb%m%éal‘ﬁ@&jb% he SYARQT QlcBfas L2ec ARG HRY pRFiBmRe dr iR

st epwi se reduction of the pressure of the refrigerant quuefled In the
condenser 10. The structure of. the internedi ate cooler 25 is equival ent
to a ho||&wn@8§§@r?r9ﬂ8agiﬁéﬂ‘Bﬂwﬁaérant whi ch has been cooled in the
mai n condenser | Oa and the sub-cooler 10b and reduced in pressure in
the throttle valve 11, is tenporarily stored therein and is subjected to
further cooling. Here, the vapor phase conponents in the internediate
cooler 25 are introduced into the second stage inpeller 29b of the
conpressor 13 through the bypass piping 23, wthout passing through the
evaporator 12. industrial Applicability According to the evaporator of
the present invention, since the prevention plates are disposed above

t he heat exchanger tubes so that droplets of refrigerant, which are 0 5
DEC 2005 Il bl own upwards when the refrigerant is boiled, hit the
prevention plates, the droplets of :

.an auxiliary conpressor, and the refrigerant is introduced firStﬂh?éﬁbhﬂﬁ



. refrigerant are not drawn into the conpressor. Accordingly, it becones
possible to avoid problens caused by the droplets, such as a dgéqggqgmin
the performance of the conpressor or damage to an inpeller. 05BEC 2005
12 CLAIMS: 1- An evaporator for a refrigerating systemincluding a
container into which a refrigerant is iitroduced, and heat exchanger
t ubes di sposed in the container through which an object to be cool ed
down fl owsCLedM$:i sing: a prevention plate di sposed above said heat
exchanger tubes so that droplets of the refrigerant, which are bl own
upwards due to boiling of the refrigerant, hit said prevention plate. 2.
An evaporator for a refrigerating systemaccording to Caim1, wherein
sai d heat Exchanderevapbpetordoea tifngaethg nisenainslulied ¢ tyntahenvigta whiah lay
spaced groups so that a space is forned between the groups of said heat
exchanger iefiie&ants antroRictd, Gal hdatreREhdn@es tudBEldispodd i eheadhi-gier phratg i S
di sposed above the space. 3. An evaporator for a refrigerating system

according { Al g&nt&@@E 184 bhen BboSkaQesgiyeen said prevention plat.

and sai d heat exchanger tubes at an uppernost~|evel is about 0-5 to 2

ti t he di t f h h t which i I ted at
upper most | eval . £ ESARCRY Bl Brarot G et 1 peraer iy WS EamARtaT G o

Claiml, wherein said prevention plate has_a _cross section substantially
shaped as A Teliiggranbdvipieh ees bloym upyafisglug ée bpding oaMen efiegera; it $dvent i on
plate is designed to be between 60 and 120.

prevention plate.

2. An evaporator for a refrigerating system according to Claim 1, wherein
said heat exchanger tubes are divided into a plurality of vertically spaced
groups so that a space is formed between the groups of said heat exchanger tubes in a

vertical direction; and said prevention plate is disposed above the space:

3. An evaporator for a refrigerating system according to Claim 1, wherein
the distance between said prevention plat: and said heat exchanger tubes at an
uppermost level is about 0.5 to 2 times the diameter of a heat exchanger tube which is

located at the uppermost level.

4. Anevaporator for a refrigerating system according to Claim 1, wherein
said prevention plate has a cross section substantially shaped as an inverted
letter "V", and a vertical angle of said prevention plate is designed to be between 60° and

120°.

5. An evaporator for a refrigerating system according to Claim 1, wherein



An evaporator for a refrigerating systemaccording to Claiml1, wherein |3
0 5 DEC 2005 an end portion of saidprevention plate covers at(]@&&ﬁZ&ﬁ
part of a heat exchanger tube which is |ocated at the uppernost |evel of
sai d heat exchanger tubes and is adjacent to said prevention plate. 6.
An evapor at an efidporsion ef sdid @rathtigh Syeticoneraaciendiapgritod adleai dkchangaher ei n a
group of said heat exchanger tubes facing an inner surface of said

cont ai mee viich Bilsgosied thoupgeanon 1SpacLsai Fhdadexatdn e ttire Ant eadgacetp of
sai d heat exchanger tubes and said container along the inner surface of
sai d candad perentaclgal d prevention plate is disposed above said space.
7. Arefrigeration apparatus, conprising: a conpressor for conpressing a
refrigerant; a condenser for condensing and |iquefying the refrigerant
which is conpressed in said conpressor; a throttling mechani smfor

reduci gg th%n&ﬁﬁﬁ&ﬁ&@ﬁﬁﬂnkﬂﬁmhhﬁg%§h&ﬁab&ﬁﬂk@%&@ﬁhnlaﬂﬂmeﬁﬂ evapor at or
for cooling down an object to be cool ed by exchangi ng heat between the

obj ect to bg W&@aﬂnﬁa@e el albks £2 %aﬁﬁer%ﬂf%a&rcﬁ%am%nfaﬁmsed

| i quefied er ant evapor ati ng "and vapori zing the ['1quefied
fri whi ch
G e oS B S LIRS 07,

cont ai el cBHt%%[%%a}{‘Q%%g%ﬁdé? SRl ocfsa@ 9&% nef: A% %Qldga‘%é!\’{%u ILR}%‘Fate gnd a

preven ion bove G4 éxc anger That

dropl Etdsspgged a%ove said space.

7. A refrigeration apparatus, comprising:

a compressor for compressing a refrigerant;

a condenser for condensing and liquefying the refrigerant which is compressed in
said compressor;

a throttling mechanism for reducing the pressure of the liquefied refrigerant; and
an evaporator for cooling down an object to be cooled by exchanging heat
between the object to be cooled and a resultant condensed and pressure-reduced liquefied

refrigerant, and evaporating and vaporizing the liquefied refrigerant, wherein said
evaporator comprises:

a container into which the refrigerant is introduced;

heat exchanger tubes disposed in the container through which the object to be
cooled down flows; and

a prevention plate disposed above said heat exchanger tubes so that droplets of the
refrigerant, which are blown upwards due to boiling of the refrigerant, hit said prevention

plate.



refrigerant, which are bl own upwards due to boiling of the refri ﬁl@ 005
hit said prevention plate. 0 5 DEC €£05 14 8. Arefrigeration ag& &Q
according to claim7, wherein said heat exchanger tubes are divided into
a plurality of vertically spaced groups so that a space is forned

bet weery t he ‘QE&H?éaQ&T iﬁégitg@%ﬁoﬁﬁg@r&%g%\/—% t%?eiﬁ n a vertical direction,

and said preventfon p spose e space. 9. Arefrigeration

t . . . . .

o ovent i on p oy BeDkoheh Bk fre KUBEFISR, L PRAAIF LGSR SBED BB o) 1
bout Q. B t | h t I i

?og;t e Og}tlétt(21 ﬁéa‘;ﬁbgz@%g?’ © ee\a?gﬁ lgeeé%g{)SAgerg rleagé%? ?Eo%?a%bﬁg?rg% gg&lg%clofdi ng

to cl ai wherei.n _sai d

1rez1l'i?n an 5a1d greventi(ﬁqr P\é]%% I{ifégoﬁ%é?l%gve ﬁcs: ﬁacg.r 0ss section
substantial 'y "shaped as a nver er , and a vertical angle of
said prevention plate is designed to be between 60 and 120. 11. A

refrigeration apparatus according to claim7, wherein an end portion of

said preventjon.plate covers at |east a, t _.of .a heat exchanger tube
whi ch i% Iod%fegﬂg%ff‘tl?rh%pﬂﬁf?ﬁ%???ﬁ%&d‘qge@é??a“g‘?{ 4Ftfiheat exchanger tubes and

is adjacent to said prevention plate. 12. A refrigeration apparatus
accor di ng t dhefistanserbetivaen wihrevertionrlds aadpad RealeXehangeiyhes &t abes f aci ng
an inner surface of said container is disposed so that a space is forned
bet weerFPppianast kgl is pbali0 teckhtimesdi digegtertallsdwatgxghangsr thbeovhtieh Mer al ong
the inner surface of said container; and said prevention plate is

di sposddcagshaighesupngrspsidevel.

10. A refrigeration apparatus according to claim 7, wherein
said prevention plate has a cross section substantially shaped as an inverted letter

"V", and a vertical angle of said prevention plate is designed to be between 60° and 120°.

11. A refrigeration apparatus according to claim 7, wherein
an end portion of said prevention plate covers at least a part of a heat exchanger
tube which is located at the uppermost level of said heat exchanger tubes and is adjacent

to said prevention plate.

12. A refrigeration apparatus according to claim 7, wherein

a group of said heat exchanger tubes facing an inner surface of said container is
disposed so that a space is formed between the group of said heat exchanger tubes and
said container along the inner surface of said container; and said prevention plate is

disposed above said space.



