;e3ede’ "ac@ c~dT§Tdegq ? ANNEX 2. CONDENSI NG SYSTEM I N A COOLI NG SYSTEM

Tech mmmm‘&m“ The. present invention relates to a condensing systeqin a
cool i n particular, which can selectively pgowde=Ttooperatijve
oper at i onmofssran air cool i ng condensing unit with a wat ¢ N@)ﬁ ngleondensi ng
unit or an -evaﬁor ative condensing unit accpr di ng to vaji dilon—ef—amyi—ent

air t mm&m“\ \m\cool ant 10 pressure and condensing |load in order to
[ np_rommm | i on ef fJ.c] ‘ ch"(\st!is e.c&.'i Riva i ation of
anbi ent aigyos€nper at ur e o2 S e~ a conpact

design of the condenser. 15 Background Art As well known in the art, a
cooling systemincludes various machines such as a refrigerator, an air
condi ti oner, TethniEadhFdedld ng system has a nunber of components i ncluding
an 20 evaporator, a conpressor, a condenser and an expansion valve. The’
cooling systemcircul ates cool ant through a cooling cycle in order to
obtain coLd air through contact betwee l.ant .an i .t he }

cycl e, cohpressedhg%%g%ﬂ%s%%&ﬂ%ﬁle%gﬁﬂ?d%ﬁ%g%%éfgt%rgbéﬁghg%égsﬁggeéégg%the
conpressor 1§ eeehﬁﬁglgyé&&n?iﬁﬁa@%@%@aﬁodﬂm&w{a&s selkethivelydp coni dant

Li quid cool ant is deConpressed il e passing through the expansion val ve,
and vi a heat cevgpleargd we dpeinackdam aifr ann atltecevipogatondensapor unél ¥hth
gaseous cool ant of |ow tenperature and pressure, which is suckeggggain into

the conpress@ WedSth&OHARI SONITR Sy &ndnObe2B0CBRPPEAEESr & Y9 1n
t he evaporator,.,.coal ant,. r] .ai.r._of (V| %gjcgj}ajgﬁ. o] te
cold air, whi ﬁgcﬁggﬁlﬁgptc%\r(’%%l%&tlo r%gglﬂltr?&?éhr%egf?ggr tion, céo'olcigﬁg?ﬂgnd
so on. 13 Tha-Londanseld condnsipe taat comanienttd ampeoveensndgnkaghon
tenperature and pressure gaseous cool ant fromthe conpressor_intg |iquid.
An air cool i neffypennndengdrvdly oppecaiith napdd Var ik ke Lh@mberendf 2t ns
are nounted on a heat 5 tranafer E’i pe for enabli.ng cqo an}xak%f fgowom act

t her et hr ough SEPSF &dtcfemsERIPER POVEEs SETEH P 1PRe FHont dF~Thé contenser

so that the agbi Freg Orchbhyn Lok roduced by the condenser fan can
per form heat -excﬁ%g@fv&t% coo{iarrllt [owi ng through the heat transfer pipe.

10 However, in the case where the cooling systemis applied in a region
having a | arge val ue of annual tenperature variation and a | arge val ue of
dai | y tenifer Backgrepnd Aty change of seasons, the area of the condenser
is generally designed based upon the highest anbient tenperature to

i ncrease an average heat 15 transfer area. This structure is suitable in
terms of condensatign,eiiiGiSREYnithd BetsWTEBH1 MAgIS AATdN entlades various
tenperature is high. However, in the winter where anbient air tenperature
is |ow, the cmadenses smsh he anmsbeismaratior,| angel sicendigdfonedi.eatc. Each
condensation effect can be realized even with 20 a 'subst%nti al | }(ua:rﬂg}?l at}leat
transfer areaCofdiffie THHIFRsER DelorB¥BRheXssEPIPY R -ge, *PHer'e 4P e Trany
pr obl ems ba1 ¢ BgLoblEEASt of Omb AUIBE ST Fordeh@er bhdl andbkpassl bntesihandl e
t he condenser, Re*€ondénser o cupres a large installation Space, and power
consunpti on i $hineseasRY. s¢¥Stém vievuDitédess lprobltdreughhe condiéngetyeln
be designed as a water cooling or evaporative type. However, the ter

cool i ng condeAseprdenuia ebtaisuceidiaht throuah %‘Pn%‘?‘érbetwqeﬁblcé’gﬁgngh%nd
vol ume of the cgooli stemwhil e creating rj f i ’

in the w nter 2*fhe gsa%%? ﬁqq}el%célgr%&éngggpg g%e?n%%%iﬁésqﬁ%%ﬁ&%e%%@g
outer area negeygAAthdle bnst akkakues ekoantiey antipids@nd/oicaodleat éd the

conmponents is increased. The evaporative condenser having a small vol une
95 condenser and converts into liquid coolant. TLiquid coolant 1s

o

decompressed while passing through the expansion valve, and via
heat excha'nge with indoor air in the evaporator, evaporated to
gaseous coolant of low temperature and pressure, which is sucked
again into the compressor so that the cooling cycle can be
30 performed repeatedly. In the evaporator, coolant deprives air
of heat via heat exchange to generate cold air, which is used

to carry out freezing, refrigeration, cooling, and so on.



3 makes it difficult to install. Disclosure of Invention 5 The present

i nvention has been nmade in view of the foregoing problens, and it is

t herefore an object: of the invention to provide a condensing systemin a
cooling system in which an air cooling condensing unit is conbined with a
wat er- cool.i ng condensing unit or an evapor?tive condensing unit so 10 that
only the air condensing unit is operated of the air condensing systemis

e air condensing unit is operated of the air condensi _
cvapor ati ve condentMRoCGPERE 8L pbFt B rt-S0B6HARh RO TARAE: A o6 ShatiEing

i nprove condepsal | @RRkiHaGieRCY andaVErPO¥EFe COfSIHHId ORoNGrtedyeemt hensi ze
of the 15 condensing system thereby saving manufacturing cost, ensuring
conveni ent hamodg rregs sand 1mpo ovliingipr oduet i ¥itycoBlirf Dyper i péndsnsdr the
Drawings 20 Fig. 1 schematically jllustrates the structure of a condensing
system of a doRiGR Ly sse atbdrf oy & purberr et EisoarseRpPuBEee RN @ heat

I nvention, Figs. 2A 10.2D id]lustrate _exa 0 I 'Eg ﬁo nser
accordi ng 5t o] %]aer? fipérrstp1(;Pneb(3féfi3‘ﬁrn§ﬂ_ %g%ngh8$%§§%t$%%f§£%hﬁﬁﬁc | ggqué
shows a doubl & Ridies £OTEAN$8Tdi Spdsed B 5 RASE Port A tReNESNGEHisel D tREX
shows fluid pipes which are spirally twsted in parallel with each other

and 30 Fig. 2iheshaonsieer peint ifvecdihiiyd ipitpesiwgsd byarthef clodel@niserpderal tah

with each other; Fig. 3 schematically jillustrates_the structurg OL ap
perform heat exchange with coolant flowing through the heat

transfer pipe.

10 However, in the case where the cooling system is applied
in a region having a large value of annual temperature variati-c_m
and a large value of daily temperature gap during change of
seasons, the area of the condenser is generally designed based
upon the highest ambient temperature to increase an average heat

15 transfer area. This structure is suitable in terms of
condensation efficiency in the summer where ambient air
temperature is high. However, in the winter where ambient air
temperature is low, the condenser may be unnecessarily large
since sufficient condensation effect can be realized even with

20 a substantially small heat transfer area. As the condenser
becomes unnecessarily large, there are many problems in that
the cost for raw material rises, it is difficult to handle the
condenser, the condenser occupies a large installation space,
.and power consumption is increased.

25 In view of these problems, the condenser can be designed
as a water cooling or evaporative type. However, the water
cooling condenser requires a sufficient amount of water to
increase the volume of the cooling system while creating risk

. of freezing and breaking in the winter. The evaporative

30 condenser also increases its volume as outer érea nécessary for

installation of an evaporator and/or related components is

increased. The evaporative condenser having a small volume



4 alternative to the condensing systemin Fig. 1 which further conprises a
second wat er cooling condenser; Figs. 4A and 4B schematically illustrate
the structure of a .condensing systemaccording to a second enbodi nent of
the 5 invention, in which Fig. 4A shows the overall structure of the
condensi ng system and Fig. 4B shows in detail a water tank adopted in the
condensing systemin Fig. 4A; and 10 Figsg 5A and 5B schematically
illustrate the structurg of f condensin? system according to a third

enbodi ment kR PhvahtFERulE ntntRA# Y 5A shows the overal | structure
of the condensing system and 15 Fig. 5B shows in detail an inportant part
of a condensing pipe in Fig. 5A. Best Mde for Carrying Qut the Invention
20 The fol | opisglestaél 68 Dreentpbhon will present preferred enbodi ments of
the invention in reference to the acconpanying drawi ngs. 1. First

Enbodi ment 25 Fig. 1 illustrates a condensing systemaccording to a first
enbodi nent of the invention. The condensigg system co rLseswﬁQqagf %%%Iing
condenser® 100 and H'SaPEFSERbI iy LorPEhsBFS 266 ot Ld 6F &' cool ant i pe
201 between LE ~60Q|.i densgr :100; an €30 oh ekt SheWthe The
air cooling %Qﬁagh%g? ggkﬁgﬁﬁﬁﬂclu %slg ggfpgﬂﬁfﬁgaﬁéaﬁﬁﬁr%n2§%r pi pe 101,
whi ch is fol dages@ibhatoceedbande of durgleri=cimeesgistetn dndapeesking Syshanthe
conpressor flows through the heat transfer pipe 101, a nunber . 5 of fins
102 nount ed 6n whkchaat air gesfldmpicpadensiagind e dfoeriai Nea Y {dB2 WS | ed
in the front of .the air cool.ing condenser 100. The.con

forcibly intF884d¢B9 ERBISASI-BA "B+ 85 ?Ha?v?%%r%ﬁ%§§n?8§§§ﬁ?%ﬁgd%g%% By
the fins;d02.hachaye) heaheS B%Chasges iy canhanti s | yérarédir eughndeaheat
transfer pipe 101. The water cooling condenser 200 includes the cool ant"

pi pe 201, a wehelnpdsspgys2emh fir @rakted) Wmtembingdtd ow thistlet e udgrten
have heat exchange with coolant in the cool ant pipe 201 n inletuﬁhge 203

and an outIeﬁ“%ﬁ%%@g2G@nééﬁﬁééﬂeHn%Ft%rtWRf\&ﬁ%ﬂ°?ﬁ§lﬁ§$§§& C2G2 "6 'ﬁ%ter
cool | ng condensSlodd% 'in AHOMRY | AAdYid el Nk A ShsEORE dbbRauARLEE 1M, 2
rec 0

direction reverse to a flow ng ion of coolant and a control valve 205

install ed in dfifg dikiiy Sisd@e0boBe EBhetmptpen 288d froadwes arted isdalel pf the
controlling water feed to the water passage 202 according to anbient air
15 condensing system, thereby saving manufacturing cost, ensuring

convenient handling and improving productivity.
Brief Description of the Drawings

.20 Fig. 1 schematically illustrates the structure of a
condensing system of a cooling system according to a first
embodiment of the invention;

Figs. 2A to 2D illustrate examples of a water cooling
condenser according to the first embodiment of the invention,
26 in which
Fig. 2A shows a double pipe condenser,
Fig. 2B shows a plate condenser,
Fig. 2C shows fluid pipes which are spirally twisted in
parallel with each other, and '
30 Fig. 2D shows serpentine fluid pipes which are folded in

parallel with each other;

Fig. 3 schematically illustrates the structure of an



15 tenperature, cool ant pressure and condensi ng | oad. The water cool ant
condenser 200 can have any structure capabl e of perform ng heat exchange
bet ween cool ant and water of different tenperatures, and as shown in Fig.
2, avail abl e exanpl es thereof may include a double pipe structure in which
20 water flows through an outer pipe 206 sg that coolant of high
tenperature and pressure can have heat exchange with water of relatively

| ower t enper 3yl A1 {1 ABRCL RIS 3 UCLUER BAVERG. 41 PbHLch! HrGler

pl ates 207 to form serpenti ne passages i I ch cool ant o I gh tenperature
and pressure covibriiedy DfselloriElvaitareldpdionry daimpeerssinyre flow as isol ated
fromeach ot her while having heat exchange wth each other, and a
partitioned structBigsin4dhpod ABwacbempipealds fbtustrdiagthatetrugture

di sposed in parallel with the coolant pipe 201 via a partition 209 so that
cool ant of i >t GRPEFRPARE SHEC PR ARGHES th Thades RS 57 o EhE
wat er of kel atj Y2 I Lepgature via the partition 209. The water

cool i ng cgndgﬁgéghfﬁgﬂnghisposed inthe air 6 di scharge side of the

wat er cooling condenger 480G Hswd Raie tdkee@d Y1 Catriseeonsl| yf contaebniibasyager
cool ing condenser 200 after it is forcibly introduced by the condenser fan
103 and fl owssYrejughendie air cooling condenser 100. This structure of the
5 condensi ng system.can separately realize air apd ter copling, condensers
as wel | as maxini zgjl@oolﬁ]gglé‘f"f’?c%@nf%ttarﬁo@hwggﬁﬁ\é\%ag&taa(gqpﬁ h8 hERS ¢
of relativel ycgrgy@fq%f §§§E<—'f&fxeiﬁ cophantngln the case where the water
pi pe 208 is disposed 1h parallel wth the coolant pipe 201 via the
partition0209, 10 pdigal.l A megi GBS seheae ivwatiay dlduseakaert thepesrk@8uand
201 can be tw sted spirally about the coolant inlet side or folded in a
serpentine codf idwantdess iy 1Sy kM BECRIradNGi §At a clont B tempadinanth ot kee.
As a result, bothnheat transferharea and tinme can be increased to obtain
nor e efficien%n%%o?%%%f 15 %P%%, as shown in Fig. 3, the condensi ng system
may further conprisggf SRCOKbWEL Ehe COPELAYL CORHEREEE20@" thdl Gdridensing
di sposed on a downstream |iquid pipe 210 of the heat transfer pipe 101 of.
t he wat er coo$ysigempndedser 100 and has a water inlet pipe 203" and a water
outlet pipe 204" so that water f|ows through 20 a passage agjacent to .t he
fluid pi p® 210 to Hake RBafheyshdhgethetneBrlff RNt PRGthPS 3 £98den7d N9
out et pipe 2§4'eo£ the ma%gr cool i ng condenser 200" on the downstream
l'iquid pipe 2 of “the Reat fransfer pi pe 101 of the air cooling condenser
100 is

Best Mode for Carrying Out the Invention
20 The following detailed description will present preferred
embodiments of the invention in reference to the accompanying

drawings.

1. First Embodiment

25 Fig. 1 illustrates a condensing system according toa fifst
embodiment of the invention. The condensing system comprises
an air cooling condenser 100 and a water cooling cOndenéer 200
mounted on a coolant pipe 201 between the air cooling condenser
100 and a compressor (not shown). The air cooling condenser
30 100 includes a serpentine heat transfer pipe 101, which is folded
so that coolant of high temperature and pressure from the

compressor flows through the heat transfer pipe 101, a number



connected with the inlet pipe 203 of the water cooling condenser 25 200

di sposed on the: cool ant pipe 201 between the conpressor and the air cooling
condenser 100 so that water can have heat exchange with coolant in tw ce.
Since the air cooling condenser 100 can conpensate any insufficient cooling
via the water cooling condenser of the 30 gnvention, the size can be
reduced to about the half of a typical air cooling condenser in use for a

conventi onal (0p1 09 (YbeAL cAlANOHIHAAL +309MRe 3 LEIRORAIN & SEAMH s

;
measuri ng anbi ent 7 alr tenperature can be 1nst in a side of cooling

system A pr &asul @3 siansell oah i bec ha Franitedf ithd e rcasd Birig Riopelehs etrebGWr e
cool ant pressure. Then, a separate controller is needed to ogerate t he
control val vd&hgy coadensgy dgndélecficgeibilynansrbdores the sehsBRE. alhn §9 gs.

1to 3, i lid.li indicate t fl f | i dd [ j
L0 3 AT 0B S LIS Jnd st i fhonel eaelant, Mchen. e
water. |ngFi gy 2Gna hat %%orl%gx'to'flh)@ﬂ?%‘gtt%%oﬁgﬂg%h%whégﬂc ranffdPepipe

foll owi ng description w present the ratio t he condensing system

in the coolingisystrem escor dicr] ing tbRdEhEsE HDadicREie sothé ddlavenpipa
having the above structure. Conpressed cool ant of high tenperature and
pressure fromlGlheactrirepassags 97 reri epabhirodivder tatfdavheharethserohg

15 condenser 100 to pass priparily fhrou t he.water cooling caond er _200.
The water codi9 Gvfbﬁﬁgﬁngcg%Bgﬁd%rghéxggﬁﬁﬂélﬁiéges??% ?%eé”ﬁgf?@t(oaﬂce
wat er through dine QRS 2B3PEnd06n Vutin& Rlile€2Bl PEoshE e HRNRIwh BEY
plurality of overl apped pi pes 207 defining the serpentine passages through
whi ch codlantp2sagel 2@@tef thieowater sepaiagecomiatset @ 08atdr evftematically

O herwi se, the water pipe 208 for enabling water passage therein ig .
di sposed in pEpeding apci i IR LHNBHR LB P 201 BACH Lt BUFFPEITOP 268V 1PH

the case wherg, fé‘ncﬁtigfrﬁﬁélfg%%ochia'}& %%@8”885&89 QS‘fvé%oéjoﬂfAteaﬁﬁf in the

structure, cooJ[a h tenperature and pressure pertorns heat

exchange w t hiyedersiefe b®l ahe Vel Vet @iRVe OBPESAtdiftsmdd dk 1 wonithioaughgt he
outer pipe 206. in the case where the water cooling condenser 200 has the

pl ate pipe stwakeurfcediyh theerperteuma saabe s waraubirgntt paridiend B At
exchangeﬁgtrlwater flowjng tgrough t he adj acent ssages Yia 30 the plates
207. In tHe CHSEPTFRFEEEhoCRObF ARt PEFHEUEB1aRS SPRceenant Batal | el with
the water pipe 208’Thceoqs}ﬁa:%tr RIIIUAT RpitferfREGN3NGE M R &y it i@ ure
partition 209. As a result, 8

capable of performing heat exchange between coolant and water
of different temperatures, and as shown in Fig. 2, available
examples thereof may include a double pipe structure in which
20 water flows through an outer pipe 206 so that coolant of high
temperature and pressure can have heat exchange with water of
relatively lower temperature, an overlapped plate structure
having a plurality of plates 207 to form serpentine passages
"in which coolant of high temperature and pressure and watér of
25 relatively lower temperature flow as isolated from each other
while having heat exchange with each other, and a pa;titiQned
structure in which a water pipe 208 for feeding wateris disposed
" in parallel with the coolant pipe 201 via a partition 209 so
that coolant of high temperature and pressure can have heat
30 exchange with water of relatively lower temperature via the
partition 2009.

The water cooling condenser 200 is disposed in the air



coolant is primarily cool ed through one of the above steps. Further, since
the water cooling condenser 200 is placed in the air discharge side of the
air cooling condenser 100, air forcibly introduced by the condenser fan 103
contacts the water 5 cooling condenser 200 when air is primarily discharged
via the fins 102 and the heat transfer pipg 101. Even though prinmarily
heated, air has relatively | ower tenperature in conparison with high
tenperature A N3RS de08rapheaPgt & hUsS PRI P TdBh e dle £X@AREBEL MAE Nt he
cool ant inside the cool ant pipe 201 so that coolant 10 wthin the cool ant

pi pe 201 can dig sevosetyndbpdensedtct lthet heteaseoaheng ddrelesetear 2p0p2f 28 i s
di sposed in parallel with the coolant pipe 201 via the partition 209, the
paral | el regildnd SoffonedBiat émtHasmicEss Pyndhensongsnast prpeld812Rdn bavws

tw sted spirally 0 t coal ant i nl i f ol i erpepijne
configurati O?\éhr%.)l aiL&trrﬁenggﬁtri %ﬁfﬁéoﬁt ggﬁ&%gf'%geg@: ) otTﬁgL?s. Sﬁg%ac{ﬁéguﬁ?, %%ﬁe
cool ant pispe cihkearyh 1@ yarlel cRhPfe g8 €y Re aalitRr Ratedvd diatrasedol fng

enl arge the heat transfer ,area as well as prolong the passages of cool ant
and/ or wat er ,carlvmTeinrs asmeslsli ag needmitzeansd bing iefficikay thmeowpndensadi on
20 efficiency of coolant can be further enhanced. After first and second
heat exchang€Hart egibh et Rl KaPbr rEBELNE LYo r DOBPC R Eht than

conti nuously j rﬁg?ce tQ.,th ir i C e rfar hi; . d
heat exchangeédvl\%]t heqélrr%ihéent%aglerwv\%lg%h&?% %?%?%{P%%Q%gusgg&sgfge?hgﬁﬁ
condenser farpa]-ﬂﬁlémeﬁitthh‘éOQi@cMad@SjBEﬂS@tQOQ ivsdf wHdepakoneien 209t hat
cool ant can nostly condensed into |iquid having roomtenperature and high

pressur e.10 n para ksl ndgdrcns bé Wae eva toookndgceohaeh o0 @08hand P It ken
water inlet pipe 203 and the water qutlet pipe 204" is 30, nount on the
downst r eam | | R GRA PR L Phetnu theaRBPLARE PRLER 1S bR (o ACED 10
cool ing cond ; ; ; fsl i RASSAGE: 2G4 agent
to the liqui ?%i%gg%g%%ﬁgoéﬁvle&@;:%{hggghel%%&%gge%mﬁ?#%%o@%t , cool ant

fl owi ng throusgdcli hetHeat saastesupt peoditt heat heanstfeadaced amd o indee can

liquid pipe 210 of the water cooling condenser 200" after first to third.
heat exchangeP® olh@veasedt texehhage Wrre dhfbeianhi ROPhiPfe water 5 cooling

condenser,200' . Then,. high tenperature and,pressyre_cool ant, co y
t he corrprlesgsor per ?‘rolrsr(r)s’ %%eastth_oe%lcﬁ%r#g{éq‘ t%h\ﬁa %rr1ch rﬁﬁ}rg& s%rtegnolgg{'ﬁ%%?ﬁe%es.
As a result, coRbADEe GABeBENHRIIRIUESH1 I Ag IR diEe 560" afHiRh omMlsplorlan
condensed into liquid. 10 In the case whefre the water cooling condenser 200
i s di sposed betweedowriet wommrkisgord arighe 28 Owatfetheobéahgt camsiters grided 0dnd
t he second water cooling condenser 200 is disposed downstreamof the
condenser 100°TtHee WREST RRIEING GG O0hangabar BobRTRy Hoiffersde
200" nount ed th o) 15 d4d qui inRe 0 t r | pe
101 of the ai ?8300‘??%9%%1%%%;8& %%%gg%c%rqﬁecgédtgm&tch‘pfgﬁgﬁ\?\fla]féevéi n Ig{uggil pe
203 of thgo wahepa€oahé nH Fodsiensey tAR0fmouat bR the ochavanhept pexliihge
bet ween the conpressor_and the water cooli ng condenser, 100. After
i ntroduced i nbetvaenvwatekdsoolimghismassetheovat et pdmes2Pbimbthematet er
cool i ng condenser ,100 ter i ore or less elevated in te rAtUL -
during foyrthcﬁ8gfngx%%l\£§%lés %Odgg((fpaﬁtfev%w&‘?etirseﬁmo? 98&‘% B %rrzra)leorg thee
through firstpnkgtt Ridsthdteat Sxchan@e skephe AREN RNTRY WdiRierser exbd N9
the water cooling condenser 200 between the conpressor ‘and the water 25
cool i ng condersenet@ed wowe\tdre islateidee20dmethewat e nicogdimydcwrdenses
| ower than_ that of, K coolant hayving high tenperature and pressured which ié
be

just di schar gedOf dbrpeRed ImsnessepPlaBhmiRg éft MRRYCeR cHunGEMBIFESO M
realized. As sgf fof hcéé)ﬂﬁgotg%ﬁd%fs%& GQRl 1Y éﬂgﬁgpgt@}md e heat

condensers are operated in c eration with each ot . So, the . condensing
system of t he elxdnamigeoRyiGan Flaint iipremMes.condensi ng ef fect over the

conventional air cooling condenser 10 _ ,
: Since the air cooling condenser 100 can compensate any
insufficient cooling via the water cooling condenser of the
30 invention, the size can be reduced to about the half of a typical
air cooling condenser in use for a conventional cooling system.

Although not shown, a temperature sensor for measuring ambient



even though the condensing system of the invention has a much smaller size
than that of the conventional air cooling condenser. Operation of the
entire condensi ng systemincluding the water cooling and air cooling
condensers is carried out only when the 5 anbient air tenperature rises to
year highs in the sumer, heat transfer abiplity is reduced, or heat
transfer load is rapidly elevated. If the anbient air tenperature is

| ower ed and/ ar, the cool ant pressure.is, reduced, the tenperature sensor
andlof pressdrd SEREGEARire-rat HE VASFAFFER Ub 3 Adce A EORLIER Hhr U 10
205 inter ruptysp ek el r & 68 QRN 1RELAL 1G9 £HE CRNBNSEE pb T OREE R LS.
As a result, water remaining in the condensing systemnaturally evaporates,
t her eby pr ot ectdlagtt heressinm f ridrerf,r eezdeprAles agorstufdi beent s cosekdedi g
effect can be obtained by actuating only the small sized air cooling
condenser 10®PerRtEhEhe ontrel ygddenpy icod cofl agliast detepbier sdamadé ShoBd
as nuch as needed for actuating the water cooling condensers 200 and 200'.
Second E odﬁﬁbentsefbg(ﬁsg's. 4A and 4B schematically illustrate the structure
of a condensing syshem §6cof A%t @ r@o%@COAIsSIDQI yRIY Qg il d RWaNELen.
The condensing system conprises an air cooling condenser 100 and an

evapor ati ve cohderdemnt3Ofiddepositdebeindicrnttdeha f1oeodt i cordensae-d00
and a conpressor, (not shown) . The 25 air cooling condenser 100 includes a

serpentine hedtain dhsgyesy indigiate the flpy Qf Watedl-dednsbl e haACcSolhahfhes
hi gh tenper at %jloa},pdirp&lre;%gyég ;rtggﬁ(%zg&@e[ essor flows through the heat
,anu

transfer pipe er-of “fins . nmount ed on the heat transfer pipe
101 and ggocondenserhkafiol@3wingt akkediptibhewiIPdrededthetad op2ataon bg
condenser 100. The condenser fan 103 forcibly introduces the anbient air so
that the anbithm condeérssiugdegsbymtire fhasoling symtenheatcoadingnge wheh
cool ant flow pg 11 through the heat transfer pipe 101. The evaporative
condenser 300f}Est f@ﬂﬁi"t%ﬁﬂ"r a5 }hﬁo%pgﬁaﬁéﬂnm%g%fn?aqke Al 5§§gure'
upstream of the aiiaold 4808 o £ g R LRLEN alt ik el 2 RlAS 30, cOnReG! ed
with the water tankog@?%‘écj#cgggbl i ng ?N%?grg t o\é@g Sraautrorr%ti (F:)%I:I y fed into
the water tankhd08owpdeascontitobriabyelg02ndrspgased ihtbhehenladtr siodd iofy
the water inlet pipe 301 for automatically controlling water feed to the
wat er tanl® 308ondersedi A§0t Fanbprent PELRatdAfetdrumugh cole aHBtpre $OPd Pgnd

d i . h i d 300, 0 I i
borti on 304 BEPUSEHEEhe Whirpds BRCEAG T PhL T RS 20RdBAger T op i
i mrersed in vgisé_ YERRLPutBer val B rb@hKe | P0: e T NEn AU AL £ 19 AL r thip L RPNt

pi pe portion 304 is connected with the inlet side of the heat transfer pipe
101 of the aiorcdod ipigtecopderset rit6buse hdwatng ableapi ui-bawitygo f hrouglapked he
heat transfer pipe 101 can have heat exchange through contact wth ter

havi ng rel at | P&P§SIZSlefef érbBedthe serapRt LRh@essSedFarh 1939k ¥hdrd Yver

the water,4ank,30 a{cﬁérggtéﬁsi‘ﬂegeﬁgga%eré9%98%&88%93 YRhEL ! afth il se,

conmuni cati ng wt om o wat er ank I'n an alternati ng

manner W th thaeM@mpiﬁa 20 P € oP U n30da t 8FPaseG Jent Matef n Wist di spdduad
wat er tank 303 so that the anbient air flows through the air passages 305
to evaporate wat erralikilnwikd Eheecopaart3pipehedtbyieohdensarhgiebor a2 -

wi thin the coql ant pipe rtion 304 via |latent heat of v rizatian ch]él
fl oat val ve 38861‘?%3 iq?ﬁeaﬁBSBevﬁ%%iwﬁtteﬁecV\% 29 tcé’ﬁﬁgte;?(ffli 28? LS tt?il%c%? | né3
to the water Leyel {Heneohirdd QRRIVGI0SErt g giat €&mbaE£EuPEPAN0 Ipr S HELe
the air cooling condenser 100 can conpensate "any insufficient cooling via
t he wat er 268 00lpiexrdocarsde heart ofexidheng@ i wieht i saterheosi zeetahibvelyedleedrt o
about the half of a typical, . ,
temperature which flows through the outer pipe 206. in the case
where the water cooling condenser 200 has the plate pipe
structure, high temperature and pressure coolant performs heat
exchange with water flowing through the adjacent passages via
30 the blates 207. In the case where the coolant pipe 201 is
disposed in parallel with the water pipe 208, coolant performs

heat exchange with water via the partition 209. As a result,



air cooling condenser in use for a conventional cooling system Although
not shown, a tenperature sensor for neasuring anbient 12 air tenperature
can be installed in a side of cooling system A pressure sensor can be
installed in the cool ant pipe portion 304 to neasure cool ant pressure.
Separate fromthe float valve 306, a separ gte controller operates the
control valve 302 by 5 calculating detection signals fromthe sensors. In

Figs. 4A and 4B, arraqws in sol.i.d |ines jndicate t f Y fRRIARkephi dden
lines indi cat®li&Y IlS\di:fmgirrl,lyar%)ogLneé &gir%%ﬁg‘l oS réefgw'i ndi cat e thgq‘él ow

of water. The condppsing:oysi s afnd haresobbouisystemanser dinf isoplacede
second enbodi nent of the invention having the above structure has the

fol | owi ng operathenai oty assegk cideant die hiighcoehpogasendensrl pldssdt e
fromthe conpressor is primarily introduced into.the air cpoljng.co er
100. Since th@@bﬁd?lamtlnﬁir@éluﬁ@rf’{?ﬁﬁ@)ﬁoﬁgﬁﬁéﬁﬁ ﬁeh%ej'i)% 35 ?ggggcrheaﬂgggﬁe
air cooling condenser 100 is i r i n e Lt hi Rt 4 arile 883,

hi gh tenper at‘iﬁcghafh%l Cﬁfggegifreg ?(i)g@l gﬁ np%%%n%rmé?hg%ﬁgﬁg\%éﬁ?h wat er. of

| over tenper 1102 Lewernd hedierpanakukpifeneal. (patertionoih pyinarily
condensi ng rr([a)%dj'relr)Eg As the condenser fan 103 is actuated, the anbient air

fl ows throughh@®tébp adir hpasssgesi By Lowehe amppera turk 13030002 B3R Matd
water within the water tank 303 so that |atent. heat o apor i '
deprives cool hhghotenparatBreurRAPTEHRETe (FROIFHp AN u%§% Ige(Z:Ig“‘Io Ig‘{ngt heat
(evaporative condensin |_ant, | hAURUS] Ve bitir S5idead dod e
heat transfereﬁ?g@“?ﬁfg&qpfqﬁélagggﬁn?ﬂggo?tll%%@g%ndehﬁser?'(e 100 and the

t enper at uj® of;1 eahabhei sobubhiiepibewenedchhr beghebeatilgxchadgas@ith t he
anbient air which is forcibly introduced by the condenser fan, 103 %Iai el
cool i ng condensi ng Ttk catevwhBseeha Bp5eE Hiden3 8 Hisghl $RAPRY APRE Anf

pressure coolant into liquid, apd t l.i.quid c .can bey & nt 4 oouced
to a next steﬂ?tﬂstEEtC?Br?ﬂta%b@%, e é-‘glg‘r gg#\ggkégﬁg gigrg'cool F%lg

condenser s ar ¢ 4RgLAl 8¢ tHeCRREEAHINE 244 hrRatORRan%0pipel d0thean be
condensi ng systeém of the iInvention can obtain inproved condensi ngﬁeffect

over the conveptiseral spifraddg iatgutontenseolentninfetighidkecgofgéAsfing? 2
system of the invention has a much smaller size than that of the ..., ...y
convent i onél asierpsodling confdavgation medrseigdngr TS te FERFE L oldEAsTRG
system i ncl udi ng the evaporati and air i o] NSeWS the Gatkkedipyt
%.gi A F&ﬁﬁé&at ltj?le 50§98k B_glgg hAgNS Ak gip

only when the Tent € rises to year highs in the sumer,

heat transfer g lddy Y J180460Ge 17 dieRodoansi enlloae: ither apid| yransfer
el evated. If the anmbient air tenperature is |lowered 10 and/or the cool ant

pressure is regtweds Wed 1t esperaflong thasprs sl orohraaian: SEYST Hatslt s

the variation so that the control valve 302 bl acks g 18 dbh
‘cool i ng conderstgraipp H@W@rlétgea?aﬁst%a?%‘é‘?ﬁ {1y W%Féh?&g%n é%igi ng

effect canye obLAlNed.hYoRCLYBLLARE BhYobNPusMELL hRgdcalil cooling
o After first and second heat exchange in a region of the
water cooling condenser 200, coolant is continuously introduced
to the air cooling condenser 100 to perform third heat exchange
with the ambient air which is forcibly introduced by ‘the
95 condenser fan 103. Then, the coolant temperature is further
lowered so that coolant can mostly condensed into liquid having
room temperature and high pressure.
In the case where the water cooling condenser 200' having
the water inlet pipe 203' and the water outlet pipe 204' is
30 mounted on the downstream liquid pipe 210 of the heat transfer

pipe 101 of the water cooling condenser 100 so that water can

flow through the passage adjacent to the liquid pipe 210 to have



15 100. Then, entire consunption of electric power can be saved as nuch as
needed for actuating the evaporative cooling condenser 300. Also, if water
is filled up to a predeterm ned water |evel within the water tank 303
during operation of the evaporative 20 and air cooling condensers, the
fl oat valve 306 floats according to the water |level to automatically close
the water inlet pipe 301 thereby bl ocking ter feed to the water tank 303

so that water can maintain the water | evel constantl|ly. 2 i L nent
Fig. 5A schefhfidtc&3Gnandeutitd &OP R tut ﬁ?@ﬁﬁ‘rﬂ % °§X88ngf%gﬁ‘5goﬁﬁgﬁ§?%g

system 400 accor dsif;%btfﬁl a Hyy %ba TR Mo Rfcddg nitv enkl aR quiepepebned

. an .
condensi ng sy§ien1 S a conbl ned structure of air and water cooling

condensers. gk the 3R teamhiored neordansnaersgso em #08r Tianpr éssédhicdohant of
hi gh tenperature and pressure froma conpressor (not shown) flo thrgugh
cool ant pi pesexttamgr s loreldreat etghange hedth é‘&@d?%n@@alnl&rw%ﬁ YPre
which is forcibly, introduced by ondenser .f.an 402 in frant .of ant
pi pes 401.° TheCe %n?OEW?%%eﬁOag%fe f ?ﬂﬂjq%ghaﬁfwgfﬂgg%%ghfﬁﬁg%&%SQQQE
configuration | e O pgBimbale AD8x8nahbatvithe
cool ant pipescgﬁgaﬁggﬁﬁlﬁ%%%%ﬂgb%ﬁ?ﬁa€§$é9%%ﬁ?€ggously f ol ded fins@403 are
install ed i n gpasesak@ryeen f ofsledkgegitinesaf Abeacoesaht, ptpekano Cainge
fixedly brazed to straight regions of the cool ant pipes 401. %}wat%{.p%pe
404 is di spostédtbetivueed thetbeohsmt siteds aften SERANtelseqped 1o
circulation of water. 10 The cool ant pipes 401 are nmade of Al excellent in
heat transferlbgPFSrnance t hrough extrusion nolding, and defined into a

plurality,ef chambers allopng fipndftookaptrt Bebeihgoughdenserde0 s
di sperse %ﬁe pressure o# coolant as well as ensure suf?icient heat transfer
area. The wat @fi spopedibe iddeh L retonpedstpomral pbetiare bt orid NghaPReRSer
100 and the second water cooling condenser 200 is disposed
downstream of the condenser 100, the water“outlet pipe 204" of
the water cooling condenser 200' mounted on the downstream
15 liquid.bipe 210 of the heat transfer pipe 101 of the air cooling
condenser 100 is connected with the water inlet pipe 203 of the
water cooling condenser 200 mounted on the coolant pipe 201
betweén the compressor and the water coéling condensexr 100.
After introduced into the water cooling condenser 200"
20 downstream of the water cooling condenser 100, water is.mote
orlesselevatedjm1temperatureduringfourthheatexchangewith
coolant which is lowered in temperature through first to third
heat exchange steps. Then warmed water is fed into the water
cooling condenser 200 between the compressor and the water
25 cooling condenser 100. However, since the temperature of
warmed water is lower than that of coolant having high
temperature and pressured which is just disgharged from the
compressor, sufficient heat exchange effect can be realized.
As set forth above, the water cooling and air cooling
30 condensers are operated in cooperation with each other. So,
the condensing system of the invention can obtain improved

condensing effect over the conventional air cooling condenser



A cool ant inlet pipe 405 and a cool ant outlet pipe 406 are connected
respectively with both ends of the cool ant pipes - 40l so that cool ant can
diverge into the respective chanbers or converge fromthe respective
chanmbers. A water inlet pipe 20 407 is connected with one end of the water
pipe 404 in the side of the coolant outlet,pipe 406 and a water outlet pipe
408 is connected with the other end of the water pipe 404 in the side of

t he cool ant inl et pi 4 S e i i Bakhge m@trer

pi pe 404 at aevreélgit(;glﬁlateq e?ggf 83 ?%égn &t%y%ﬁ%ng% ctgltoelr gg‘?%gﬁ;tlloglt si de and

di schar ged frgmitihe waternideh404 Athanamemyiegiadna i hercedfirsplfacaenseo.
the coolant inlet side. In Fig. 5A, arrows in solid lines indicate the flow
of cool ant, @pbmrtd-atopfchhenehthee ¢ordensng Ry FHise wiag threvater

condensi ng system of the cooling system according tao .30, th i
enbodi nent  of M NhRER bR IRRA Fﬁ@dgﬁ'&\%ssﬁ%@t (:‘53%88%‘%1@13{ g’lhlengrl\%

operationg W]a%llesntplellmeﬁ ekg{:ﬁggufféjeé Qdt p@afq{mjﬂ}:e@!nc@ﬁg%’iﬁtﬁer, A&a400
fromthe conpressor, conpressed cool ant of high tenperature and pressure
f1 ows through #dves €003t ity ats piepRicéds. oBi heet thwarcoid mritoddilist rpppelyos
is connected with the coolant pipes 401 defined by the pluralit ;
chanbers, cooctlenates. dilfethe Subirnt ehe Feupetdiyee dfa dpEeOaRe ot Bt

pi pes 401 are folded to a flat ,serpentine configurati d
conti nuousl y FOPHRR(C f PRESHBECarE i‘prﬁég’rcpedf’ed&beetgﬁ%ejfﬁguggl 3% g.ofeglngr/lgrof

the cool ant p 408 5ol 2RLREEE st ge Reati dridnsEsrtrarteanbetygero Rivalve
forcibly 10 i tpg;é)%ﬁcecfeby trﬁe condgnse(? fan 402 and coolant within the

cool ant pipes2891lisvet hapt sovhbat faadcand ionbusihe Feve desslingk GRNNFESHTt h
air while. winding through the fol ded regions of the coal a&é‘%i es Ahosln nd
t hus be propeibyopordended. AsThe ¥R Hett eMRIDE T9RA B ECLT ST D %es
401 are connected with the .15 cool ut ' hate ¢98kaRtfrom

condensed durﬁxagﬁ“%{h%a}elolry Enr Sg%tcte%é %}g%ﬁegir?{)sﬁlégggﬁgg% coehvgrges in the

cool ant outl e, BEPEn406 ANGL ! hAlr# Scidit ebirrRding k€ feext catipe dbteined
cool ant pipes 401 arée folded in a serpentine configuration to prolon

passages t her Bgyachoneasgngnhgath20seathaagecd| abr apePl Hed coprirers 400 -

folded fins 403 are interposed between the fol ded reqi ogns 0 I

pi pes 401151 eFhEPane Pl T AfiRAHRP 1 HRD 85n8§ﬁ§5ﬁ‘8r?°éf‘f% Elagn%% Etb%lﬁeccgggarﬁggh

Accordingly, even thaudk thg gL,3¢:0G the #28BLNEdoling condensers 200 and
200",

Second Embodiment

20 Figs. 4A and 4B schematically illustrate the structure
of a condensing system according to a second embodiment of the
invention. The condensing system comprises an air cooling
condenser 100 and an evaporative condenser 300 disposed between
the a.ir cooling condenser 100 and a compressor (not shown) . The

95 air cooling condenser 100 includes a serpentine heat transfer
pipe 101, which is folded so that coolant of high temperature
and pressure from the compressor flows through the heat tr'ansfer_
pipe 101, a number of fins 102 mounted on the heat transfer pipe
101 and a condenser fan 103 installed in the front of the air

30 cooling condenser 100. The condenser fan 103 forcibly
introduces the ambient air so that the ambient air. is guided

by the fins 102 to have heat exchange with coolant flowing



condenser 400 is reduced, the condensation ability thereof is 25 not

handi capped at all. Rather, it is apparent that reducing the size of the
conbi ned condenser 400 can obtain various effects including saved power
consunption and manufacturing cost, facilitated operation and inproved
productivity. The condensation efficiency @t coolant can be |lowered in 30 a
season such as summer as the anbient tenperature rises . Then, the water
cool i ng syst ethicgigipehet leelat o morgfes atipet hel ef il enveporat iwki chndenseri s
fed externally via the water inlet 16 pi
wat er pi pe 40%.0 didtedt AELEEBNEAR L HYpEOXIE

wat er pipe 404 and the Jd t_sid . wat %'bdst t..slde
of cool ant, |prs’gzc“ﬁe‘.’hrgaotiJ g&%hg‘sﬁgeggg%lﬁg %%ng%éefg\een ’coao%gtnt{é%dfoiggﬁgr%g%gvi a
5 the cool ant3@i RNk NG 168l Eh¥al£f et HAIB08Ar ¥t A ASL Ve Watieoddd to
condense cool ant via water cooling. Water warnmed by depriving cool ant of
heat is dibschmrtgsktivaligh fdre indtoetheutrbeerpt aek 4983 tand I#e contgiodevahde
then can be utilized as warmwater, 10 Since cool ant condensat,j on n_be
et

carried in a A SHSRBIGhgbAE WhePl Toif &t TPer¥FaFRE bt axdifa
water as wel 'a@@oxhz\%fé;%ﬂi 1988%1:%?)1/5?}3%&%826 £2Q0l A REL T QL B, h‘é?ﬁlt<hgo3 |

exchange with arr or Cl i'n through operation o
condenser fanadézxrdsngftel anbieandensatdipefdicigncyodbag@npbesshtai and
even in the summer. As set forth above, the water cooling and air cooling
condensers areonpensaeionnpresperati ohnwihdé euwshovehive sendepesetonlnsing
system of_  the invention can obtain 'érrpgoved coggensi ng eff ect over

358 Ro <

t he.
convent i olrQQI .%??l%%BIPhBeCBHHEﬁQEr_ FEHeE fi ERE 8ﬁ58quiaﬁg $9§t 81t of
the inventi Oncg'g_fiﬁa)%e?@rl ?6osi'§§m$n_@§9eﬁkﬁ wlk e LNEL GRNY @Rl P8 r *RhK
cool i ng condenser. eration of the entire condensing systemincluding the
wat er cool i ngiadd amheconlt g condensdr sthes caviantd @ipeornpyrwben BHé is
anbient air tenperature rises to )iear hi ghs in the sunmer, heat 25 transfer

&f

ability is regoeRacted wedh theaadsilet péda o5 thgphgey Erapsfed PipeiiE of
anbient air t erature ys_ | ower 1101 e I . d,
wat er feed isgﬁ%%ﬁ:u%?%i 5 gfoorﬂeeslstaennrg 1%iO.r tS??oB ?gggég%%\geﬁ?gg&ﬂ%%?g% .
As a resuls, EAEIHAHICOPSHEPEEYIPY 161 e h&vdAvBE Gathdiys auedudh dBitfacas
needed 30 for actuating a water cooling section while sufficient condensing
ef fect can bewdbharatesr hyvdciquaelagivaly ldvestempesiatadeai r Theatandgnser
condenser. 17 Al t hough not shown, a tenperature sensor and/or a rg%%%re

sensor is instan &83i+s fignasesh oyt keechrbPhddHordensef1E002 5%

control valve r N O ' t n { . t e
control val veaggnf%\%ﬁ%émlt\ﬁ %ggﬁxég%gﬁég‘kego?ﬁf#&gﬁno %att%r?&g@%glr gﬁﬁggﬁt&ﬁ
anbi ent air tefpeRatdte rab8nkoa) BNE nPie S teenadd ng heSHEL ,wMEt eher@saliaritng
in the water pipe 404 naturally evaporates to protect the water pipe 404
from free20 ngpiiret ke riileneB04dvennelsaghinheaterpet bl im etide opatesl bk et®’ so

that the lifeti of e condensi ng system.can b al gnged. Al s t.he
condensi ng sy?tog%‘&t {:H‘é ?Iﬂpliaﬁ?fo 9‘? sé/];cb"%sf éﬁﬁ?%% 'enatl%epglsr%ggggl ??\% érl%de
for a long timRagdiddeohtRe Bekdiby thewhiBs €83k 403 tReteBRrK8Rb¥nsing
degrade the condensation efficiency. In this case, if coolant pressure is

detected and tdeelwattewitbdhi hige covnlensepie porofani 364 | yiagertanddheat of

e 407 and flows through the
: %aé’leél pladEsd ’%ﬁnlbo%@?sgﬂﬁgo%‘?dt he

vaporization.

25 A float valve 306 is installed within the water tank 303
to float according to the water level thereof to open/close the
water inlet pipe 301.

Since the air cooling condenser 100 can compensate any
insufficient cooling via the water cooling condenser of the

30 'inventio’n, the size can be reduced to about the half of a typical
air cooling condenser in use for a conventional cooling system.

Although not shown, a temperature sensor for measuring ambient



15 response to detection, the condensation efficiency of coolant can be
enhanced as well as the systemcan be protected from danage. |ndustri al
Applicability 20 As. set forth above, the present invention conbines the

wat er cool i ng condenser or the evaporative condenser with the small sized
air cooling condenser instead of a general air cooling condenser, whereby

t he condensing system of the 25 invention tan operate the entire condensers
to obtain full condensation effect or operate only the air cooling

condenser acedrdicegpeaanirieentnabe iespelbédrim aceddanbfpeesiing system.

condensation |load so as to actively cope wi.th condensi ng acti on of copl ant
accordi ng t o RESSEMIS PBASPR Gambitendngite LiefpeR dths €OCIGPASPAPRAREF F1on
power consu i,on can be reduced,since_unnecessar a p d
Bnd the_over 104 B a8 e es Sobl AR REo LR et ma b T JlpathFa e

manuf act uri Ny sty SRdAaltd RenEeANIRG opetlates thi8censiem valveadobyby
handled and is installed in a small space, thereby increasing applications

of the codli nglsyslamng dét diaitor ssidreda redf tan the Aegmwensi ng systemin a
cool i ng systen1congrisLng: an air_ cooling condenser_loo,including a fo#ded
serpentine 5 heat tPaRidfér APRpendoBroprréRyB| fRgSeosFahingf AnghCate the

of Tine 102 Mt o oo thet beat FERCFERCE; LB ofts oFs ERRAeet e T an e

installed indhwe-dsondhSfnt henad ri6@0titng €oadenseroAlatsert hat t he anbi ent

air forcibly introduced by the condenser 10 fan 103 is guided by the fins

|02 to have heat eftieangedenshngosysihenfdbwihegconlbughsysieem@gcording to

transferf¥g pijiglgeﬁggmi embodiment of the invention having the above
structure has the following operation.

Compressed coolant of high temperature and pressure from
the compressor is primarily introduced into the air cooling
condenser 100. Since the coolant pipe portion 304 between the

15 compressor and the air cooling condenser 100 is immersed in water
within the water tank 303, high temperature and pressure coolant
performs heat exchange with water of lower temperature to lower
the temperature thereof (water cooling condensing mode). As
the condenser fan;103 is actuated, the ambient air flows through

20 the air passages 305 in the water tank 303 to evaporate water
within the water tank 303 so that latent heat of vaporization
deprives coolant of heat to further lower the temperature of
coolant (evaporative condensing mode). Coolant is
continuously introduced to the heat transfer pipe 101 of the

25 air cooling condenser 100 and the temperature of coolant is
further lowered through heat exchange with the ambient air which
is forcibly introduced by the condenser fan 103 (air cooling
condensing mode). The above steps condense high temperature
and pressure coolant into liquid, and the liquid coolant can

30 Dbe introduced to a next step.

As set forth above, the evaporative and air cooling

condensers are operated in cooperation with each other. So,



a water cooling condenser 200 di sposed between the air cooling condenser

| 00 and the conpressor in the cooling system wherein the water cooling
condenser 200 includes: 15 a cool ant pipe 201 di sposed between the
conpressor and the air cooling condenser 100, a water passage 202 for
enabling water to flow therethrough to havesheat exchange with cool ant in
the cool ant pipe 201, 20 an inlet pipe 203 and an outl et pipe 204 connected

with the wat ehepassadpn 22y 0fy$hem Wt etheodnivieg tdemndermerol2filid oinproved
automatical ly feeding and discharging water in a direction reverse to a

flow ng di reonslernstingeffsct anaratieomanienaiaabesd i fPALNGICARIEHRET
i nlet side of 25

203.f t | | t.r.olli t
feed to the WAt} %§§§§ﬁb§%§o§g8888FaPEBS¥8 gﬂg?%nq“%¥f$?gﬁép urema%gé ant

pressure and &ONdeNstgelaath tRat B AONARNRIANG S §MrabSBing 86h8ehBer .
claim1l1, wherein 30 the water cooling condenser 200 has a doubl e pipe

struct urebi n Oeradt wat ew £f | s  tehrtaigh epndehed npi p@yé@ﬁnsdrtdiastdic@ol the of
hi gh tenperature and pressure can have heat exchange with water

of
rel atively | G¥EPAURHTaence2 1 B COrHd kb RABASNAGT 8yt RS eeput mlw FhRen
claim 1, V\'hertehe ambient air temperature rises to year highs in the summer,

heat transfer ability is reduced, or heat transfer load is
rapidly elevated. If the ambient air temperature is lowered
10 and/or the coolant pressure is reduced, the temperature sensor -
and/or pressure sensor detects the variation so that the control
valve 302 blocks water and only the air cooling condenser 100
is operated. As a result, sufficient condensing effect can be
obtained by actuating only the small sized air cooling condenser
15 100. Then, entire consumption of electric power can be saved
as much as needed for actuating the evaporative cooling
condenser 300.
Also, if water is filled up to a predetermined water level
within the water tank 303 during operation of the evaporativé
20 and air cooling condensers, the float valve 306 floats according
to the water level to automatically close the water inlet pipe
301°thereby blocking water feed to the water tank 303 so that

water can maintain the water level constantly.

25 Third Embodiment

Fig. 5A schematically illustrates_the structure of a

combined condensing system 400 according to a_thifd embodiment

of the invention. The combined condensing system 400 has a
combined structure of air and water cooling condensers. In the

30 combined condensing system 400, compressed coolant of high
temperature and pressure from a compressor (not shown) flows

through coolant pipes 401 and is condensed through heat exchange



the water cooling condenser 200 has an overl apped plate 5 structure in
which a plurality of overlapped plates 207 form serpentine passages so that
cool ant of high tenperature and pressure and water of relatively |ower
tenperature flow as isolated fromeach other while having heat exchange

wi th each other. 10 4. The condensing systemas set forth in claim1,
wherein the water cooling condenser 200 had4a partitioned structure in
which a water pipe 208 for feeding water is disposed in parallel with the
cool ant pi pe Wigih \aiar avtplagtt iits dorzGPlgo intaodvesidaly 285cohdrnghrt EapetBlure

Femper at ur e viih itk exﬁ%%@%%syl%é“?@ﬁée??fé}%%ﬁm 5l OPOPER i n
any one of precegl roéaﬂdl R Lo LB oS Al 1Uhea 8L 500k kg PPear

condenser 200 I's di spose rge si e alr cooling

condenser 100k sehkh@dnddisd®Fanbior boturedutid doy lahe sDpdensarcdrapoh@act
passes through the air cooling condenser 100 and secondly contacts the

wat er coolS nQﬁUdh@GHSerCQOOlnEQUSlYﬂhditﬁhden§lﬁ@3sy%iéﬁﬁ§§1é@ﬁ1mbﬁPﬁCPﬁ
claim4, wherein. |ons of wat er and cool a pi_pes 208 .and
505 are tw seteda fol Seat B 0RRs Shsl Re "RhPLanL, nobes AnL ahde frasatl
transfer area, i o T oS S f h ian m
gzl??e? 08 3 il Ol?tt egc.twa%:;&%' teg ¥3b¢9h4d ?ﬁ%s 261 h iahyehai

4, wherein par regi ons cool ant pfpes 208 and 201

fol ded in a sgtpentdheisodfsgosed iawdenl echmididianineitdeght401 2b eoabaet
wi th each other to increase heat transfer area and tinme. 8 . The condensing
system as sets¢beERiva @FﬁFﬁiithDr@ﬁeWaE@ﬁprlS|ng a second water cooling

condensengros 0 ST W AL IS IO eI A R,
inlet pipe 208,3R868 ﬁ@%@BrﬂHhE@ttBkBﬁggoéxt§Qsﬁgﬁtn%ﬁhﬁhgf|QMﬁikﬂﬁﬂH@@“a
passage adjacent to the fluid pipe 2'10°to have heat exchange bet ween
fluids. 10 into a plurality of chambers allowing flow of coolant
therethrough in order to disperse the pressure of coolant as
‘'well as ensure sufficient heat transfer area. The water pipe
15 404 is selected from a portion of the chambers.
A coolant inlet pipe 405 and a coolant outlet pipe 406
are connected respectively with both ends of the coolant pipes
401 so that coolant can diverge into the respective chambers
or converge from the respective chambers. A water inlet pipe
20 407 is connected with one end of the water pipe 404 in the side
of the coolant outlet pipe 406 and a water outlet pipe 408 is
connected with the other end of the water pipe 404 in the side
of the coolant inlet pipe 405 so that water can be introduced
into the water pipe 404 at a region theréof adjacent to the
25 coolant outlet side and discharged from the water pipe 404 at
another region thereof adjacent to the coolant inlet side.
In Fig. 5A, arrows in solid lines indicate the flow of
coolant, and one-dot chain lines indicate the flow of water.
The condensing system of the cooling System according to
30 the third embodiment of the invention having the above structure

has the following operation.

When is primarily introduced to the combined condenser



9. The condensing systemas set forth in claiml or 8, wherein the outl et
pi'pe 204" of the water cooling condenser 200" on the liquid pipe 210
downstream of the heat transfer pipe 101 of the air cooling condenser 100
is connected with the inlet 15 pipe 203 of the water cooling condenser 200
di sposed on the cool ant pipe 201 between tgg conpressor and the air cooling
condenser 100 so that water can have heat change with coolant in tw ce.
20 10. A con i stemin a _cooling system conprisipg:. an. al l.L.ng
condenser 1Ogﬁﬂﬁ%P§8ﬁ%§3SOPBF§33°§ér%% {%%ﬁ%%gPog%5ﬁ3¢§?U- p%g%%iggg?kg

enabl i ng coolay ledthal ramRAr ahtbagANEnBr 868VALt f1PTR @ HIPWMBSIOr siAcél ow
t heret hrough, a nunber of fins 102 nbunted on the heat transfer pipe 10l

and a condengdre 25cfllamtl@8lienspapeetDh st henheohedowithetls coapdahitngipes
condenser 100 so that the anbient air forcibly introduced by the condenser

fan 103 is gfiHedehpnate by fhe1biursl hhyeoheiamb@tdm et £681 ghverae
fl ow ng t%ro qn¥§Hﬁubﬁﬁ%ﬂ§%§@§$§fcﬁﬁﬁﬁgég?? and an evaporative condenser
et ween

300 di sposed conpréssor and the air cooling condenser |00,
wherein the evapor gahkVedArdanseipedUancd tdess 1 degubst antnak! ¥ekpynshaped
wat er tank 303 di sposed 22 upstream of the air cooling condenser 100, a
wat er inlet pigefBPiraohmectad witthe t tenbdrushapgd faldedt afikng03 For are
enabling water to be automatically fed into the water tank iOS, 5 a C(ilatlrol

val ve 302 di sPYsREPPTEY REGHA ticdEobfef e qbtRt AnlFEE pPREaRbPRGS

aut omat i cal | v, contpiollddd ot efofeed. |4, d s vaten 3ok, 307 aceor dingibay

anbi ent air tenperature, cool ant pressure and condensation pressure, a

cool ant pipe PotiddicS@4bdi spesedriringean fidie 402 cangr essdanandithenaithe
cool ing condenser 100 and inmersed in water within the water tank 100, the-

cool ant pi pe porlanh BiRenadd hgsanthait |@rokinte daveredit Beikp lebhse@ &¢aki t h
inlet sid f _the heat, t f i 101 th I i
100 S0t hat  CEOPAHRSF BT A Lhrguge thees: Shranorerhe ol 4t L R,
Pgﬁ;efgfhfggetﬁ@r(ﬁdﬂ@rﬁoﬁiﬁéts 41 Bnvat iflis Bavh Pebé £l ldorRian sle@er The other
ure,

ends of the respective coolant pipes 401 are connected with the

15 coolant outlet pipe 406 so that coolant condensed during

circulation through the coolant pipes 401 converges in the

coolant outlet pipe 406 and then is introduced to the next step.

The coolant pipes 401 are folded in a serpentine

configuration to prolong. passages thereby increasing heat

20 exchange time and the continuously folded £fins 403 are

interpbsed between the folded regions of the coolant pipes 401,_

resultantly improving the condensation efficiency of coolant.

Accordingly, even though the size of the cémbined-

condenser 400 is reduced, the condensation ability thereof is

25 not handicapped at all. Rather, it is apparent that reducing

the size of the combined condenser 400 can obtain various effects

including saved power consumption and manufacturing cost,
facilitated operation and improved productivity.

The condensation efficiency of coolant can be lqwered in

30 a season such as summer as the ambient temperature rises. Then,

the water cooling system is operated to compensate the

efficiency, in which water is fed externally via the water inlet




an air passage 305 fornmed in the water tank 100 in an alternating nmanner
wi'th the cool ant pipe portion 304 imrersed in water within the water tank
303 to communicate with a bottom 20 of the water tank 100, in which the
condenser fan 1D3 is disposed over the water tank 303 so that the anbient

air f lows through the air passage 305 to @gaporate water within the water
tank 303 thereby condensing coolant within the cool ant pipe portion 304 via

| atent heat_ of; xapgy 'aa%tt%wsgfggr Rupchb oak yal us. 366 di spRsednd Lol tatbe

oat accor e water evel thereof to open/cl ose

the water inlgtpay pH13Qke mao‘écc@folbmdt ¢Qadensitnghsy ah €Y pipeCOO) i Mmgd
system 30 conprising: air cooling neans for introducing conpressed cool ant
of hi gh tenpédret mnéearﬁchtﬂ e§smtee1t powasponﬁsetssbhetdvtdtﬁjhsade H3ceobrnhi

pipe 401 to b cond h heaj exc wi th ai rci i ntroduced
by a condenseq"e |‘?1X‘F %’ﬁ e h@ ‘Eacfgq gggwﬁieﬁec‘?t améﬁjg‘%ﬁ%ég ot #ng

condensi ng th o] t r

404 so that Cc00 ac{%?)rla%"ﬂfp%%ﬁ] (%'o %t 845?‘3&%%% (%glnt%%& Jleé’?la\é\%%%aﬁgggg\n th
water within giee waitder opicpedédde vbelahn vhe woodardodl rey A0Waiterf ehdrddt o

a flat serpentine configuration and placed in the rear of the condenser fan

402 by depriving coolant of heat is discharged through the water
outlet pipe 408 to the outside and then can be utilized as warm
water.

10 Since coolant condensation can be carried in a water
cooling mode where coolant performs heat exchange with water
as well as in an air cooling mode where coolant performs heat
exchange with air which is forcibly sucked in‘thrgugh operation
of the condenser fan 402, sufficient condensation efficiency

15 can be obtained even in the summer.

As set forth above, the water cooling and air cooling
condensers are operated in cooperation with each other. So,
the condensing system of the invention can obtain improved
condensing effect over the conventional air cooling condenser

20 even though the condensing system of the invention has a much
smaller size than that of the conventional air cooling condenser.
Operation of the entire condensing system including the water
cboling and air cooling condensers is carried out only when the
ambient air temperature rises to year highs in the summer, heat

25 transfer ability is reduced, or heat transfer load is rapidly
elevated. If the ambient air temperature is lowered and/or the
coolant pressure is reduced, water feed is interrupted and only
the air cooling condenser 1s operated. BAs a result, entiie
consumption of electric power can be saved as much as needed

30 for actuating a water cooling section while sufficient

condensing effect can be obtained by actuating only the small

sized air cooling condenser.




o

10 so that the cool ant pipe 401 can contact with air, wherein continuously
folded fins 403 are installed in spaces between folded regi ons of the

cool ant pi pe 401 and fixedly brazed to straight regions of the coolant pipe
401, and wherein a water pipe 404 is disposed between the cool ant 15 pi pes
401 to enable selective circulation of watgf. 12. The conbi ned condensi ng
systemas set forth in claim1l, wherein the cool ant pipe 401 has a

plurality of chaﬂb@iéh&héwo&gsrﬁ&w %ftémrggémuf@%ﬁtsarroam/waoﬁfﬁ@sa@

di sperse the 20 pressure of cool ant as as ensure sufficient heat

transfer areaenandt Waelmstalhedviat er ppicpeod0df ithesebmbiiagdf condanper t4ih of
the chanbers. 13. The conbi ned condensi ng system as set forth |€¢clain125
11 or 12, furlihiked EORPELI NglVe é@él&ﬁFanV@%uﬁﬁpé54@8u%Eﬁ aCRobtata s | et

Pipe 406 connecled.l SPASIVSING AL ROt hvensle ol UG Sel Aol oy Pesn dlth S0

In e"Tespecti ve cha ers or conver
respective Chaie)Ser %&ﬂ@&@bramhﬁttcpaﬂaﬁléﬂe aGON0eRbEeda vt 8 8itec eolh i

the water pipe 404 in the side of the coolant outlet pipe 406, and a water
outl et pipe 40szanrect &d ai tbsthe, ovheer emhaining in the water pipe 404
naturally evaporates to protect the water pipe 404 from freezing
in the winter even though the temperature drops below zero so
that the lifetime of the condensing system can be prolonged.
10 Also, the condensing system of the invention is operated
only in the air cooling mode for a long time, dirt may be held
by the fins 102, 403 to remarkably degrade the condensation
efficiency. 1In this case, if coolant pressure is detected and
the water cooling condenser is automaticall{ operated in

15 response to detection, the condensation efficiency of coolant

can be enhanced as well as the system can be protected from

damage.

Industrial Applicability
20
As set forth above, the present invention combines the
water cooling condenser or the evaporative condenser with the
small sized air cooling condenser instead of a general air
cooling condenser, whereby the condensing system of the
25 invention can operate the entire condensers to obtain full
condensation effect or operate only the air cooling condenser
according to ambient air temperature, coolant pressure and
condensation load so as to actively cope with condensing action
of coolant according to the variation in ambient air temperature.
30 As a result, power consumption can be reduced since unnecessary
parts are not operated and the overall size of the condensing

system is reduced to save manufacturing cost so that the cooling



24 the water pipe 404 in the side of the coolant inlet pipe 405, whereby
wat er can be introduced into the water pipe 404 at a region thereof

adj acent to a coolant. outlet side and discharged fromthe water pipe 404
at anot her region thereof adjacent to 5 a coolant inlet side. .Aul.A A
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coolant flowing through the heat transfer pipe 101; and

a water cooling condenser 200 disposed between the air
cooling condenser 100 and the compressor in the cooling system,
wherein the water cooling condenser 200 includes:

15 a coolant pipe 201 disposed between the compressor
and the air cooling condenser 100,

a water passage 202 for enabling water.to flow
therethrough to have heat exchange with coolant in the coolant
pipe 201,

20 _ an inlet pipe 203 and an outlet plpe 204 connected
with the water passage 202 of the water cooling condenser 200
for automatically feeding and discharging water in a direction
reverse to a flowing direction of coolant, and

a control valve 205 installed at the inlet side of

25 the inlet pipe 203 for automatically controlling water feed to
the water passage 202 according to ambient air temperature,

coolant pressure and condensing load.

2. The condensing system as set forth in claim 1, wherein
30 the water cooling condenser 200 has a double pipe structure in
which water flows through an outer pipe 206 so that coolant of

high temperature and pressure can have heat exchange with water
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#10%&f()'@pog§¥éééfu§9\in which a plurality of overlapped plates 207 form

serpentine passages so that coolant of high temperature and
pressure and water of relatively lower temperature flow as

isolated from each other while having heat exchange with each
other.

10

4. The condensing system as set forth in claim 1, wherein
the water cooling condenser 200 has a partitioned structure in
which a water pipe 208 for feeding water is disposed in parallel
with the coolant pipe 201 via a partition 209 so that coolant

15 of high temperature and pressure can have heat exchange with

water of relatively lower temperature via the partition 209.

5. The condensing system as set forth in any one of
preceding claims 1 through 4, wherein the water cooling

20 condenser 200 is disposed in the air discharge side of the air
cooling condenser 100 so that air forcibly introduced by the
condenser fan 103 passes through the air cooling condenser 100

and secondly contacts the water cooling condenser 200.

25 6. The condensing system as set forth in claim 4, wherein
parallel regions of the water and coolant pipes 208 and 201 are

twisted spirally about the coolant inlet side to increase heat

transfer area and time.

30 7. The condensing system as set forth in claim 4, wherein
parallel regions of the water and coolant pipes 208 and 201

folded in a serpentine configuration while maintaining tight
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9. The condensing system as set forth in claim 1 or 8,

wherein the outlet pipe 204' of the water cooling condenser 200"

on the liquid pipe 210 downstream of the heat transfer pipe 101

of the air cooling condenser 100 is connected with the inlet

15 pipe 203 of the water cooling condenser 200 disposed on the
coolant pipe 201 between the compressor and the air cooling

condenser 100 so that water can have heat exchange with coolant

in twice.

20 ' 10. A condensing system in a cooling system comprising:
an air cooling condenser 100 including a folded serpentine
heat transfer pipe 101 for enabling coolant of high temperature
and pressure from a compressor to flow therethrough, a number
of fins 102 mounted on the heat transfer pipe 101 and a condenser
25 fan 103 installed in the front of the air cooling condenser 100
so that the ambient air forcibly introduced by the condenser
fan 103 is guided by the fins 102 to have heat exchange with
coolant flowing through the heat transfer pipe 101; and
an evaporative condenser 300 disposed between the
30 compressor and the air cooling condenser 100, wherein the
evaporative condenser 300 includes:

a substantially box-shaped water tank 303 disposed
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the water inlet pipe 301 for.automatically contrdlling water
feed to the water tank 303 according to ambient air temperature,
coolant pressure and condensation pressure,

a coolant pipe portion 304 disposed between the
compressor and the air cooling condenser 100 and immersed in
water within the water tank 100, the coolant pipe portion 304
having an outlet side thereof being connected with an inlet side
of the heat transfer pipe 101 of the air cooling condenser 100
so that coolant flowing through the heat transfer pipe 101 can
have heat exchange through contact with water having relatively
lower temperature,

an air passage 305 formed in the water tank 100 in
an alternating manner with the coolant pipe portion 304 immersed
in water within the water tank 303 to communicate with a bottom
of the water tank 100, in which the condenser fan 103 is disposed
over the water tank 303 so that the ambient air flows through
the air passage 305 to evaporate water within the water tank
303 thereby condensing coolant within the coolant pipe portion
304 via latent heat of vaporization, and

a float valve 306 disposed within the water tank 303

to float according to the water level thereof to open/close the

~ water inlet pipe 301.
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11. A combined condensing system in a cooling system
comprising:
alr cooling means for introducing compressed coolant of

high temperature and pressure from a compressor through a
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pipe 401 can have heat exchange with water within the water pipe
404,

wherein the coolant pipe 401 is folded to a flat serpentine
configuration and placed in the rear of the condenser fan 402

10 so that the coolant pipe 401 can contact with air,

wherein continuously folded fins 403 are installed in
spaces between folded regions of the coolant pipe 401 and fixedly
brazed to straight regions of the coolant pipe 401, and

wherein a water pipe 404 is disposed between the coolant

15 pipes 401 to enable selective circulation of water.

12. The combined condensing system as set forth in claim

11, wherein the coolant pipe 401 has a plurality of chambers
allowing flow of coolant therethrough in order to disperse the

20 pressure of coolant as well as ensure sufficient heat transfer

area, and wherein the water pipe 404 is selected from a portion

of the chambers.

13. The combined condensing system as set forth in claim
25 11 or 12, further comprising: _

a coolant inlet pipe 405 and a coolant outlet pipe 406
connected respectively with both ends of the coolant pipes 401
so that coolant can diverge into the respective chambers or
converge from the respective chambers,

30 a water inlet pipe 407 connected with one end of the water
pipe 404 in the side of the coolant outlet pipe 406, and

a water outlet pipe 408 connected with the other end of
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region thereof adjacent to a coolant outlet side and discharged

from the water pipe 404 at another region thereof adjacent to

5 a coolant inlet side.



