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Technical Field 5 The present invention relates to a condensing systemin

a cool i ngweyswesys i n particular, which can sel ectively pr@¢rdero3oomper ati ve
operation of an air cooling condensing Unit with a water cooling
condensing unit or an evaporative condensing unit according to variation
of anbient air tenpeGONRENSING | SHGTEM I & NOQLING SXSERMsing | oad in
order to inprove condensation efficiency, actively cope with rapid
variation of anmbient air tenperature, reduce power consunption and enabl e
a conpact redentigR10fmikligy condenser. 15 Background Art As well known in the
art, a cooling systemincludes various mnmachines such as a refrigerator, an
air conditioner, etc. Each cooling system has a nunber of conponents

including an 20_evaporator, a conpressor, a condenser and an expansi on
val ve.® The cooTl??lg&é%f%@é?nJéi‘leﬁfésreé@&%ttot Rr 60gHcaséseOl PHgteycie in

order to abtaif. col it thro ct between coaqlant .an air..ln the
cool i ng C§C%§§P%§§ﬁ%€§%%%'gﬁ%égggggg% 5hﬁg% “high SFgﬁﬁiﬁgFgVépﬁﬂﬂlﬁ?essure
fromthe conpeessoie speeakedn Brt B8 2brCONIENSST c8RG=RONNET hSit Ny Prhiquid
coolant. Liquid coolant is deconpressed while passing through the

expansi onavab{er apdlihg chedenexobangetwht hanneloaponative tdedenvapesgat or,
evapor at ed tg %ase us gpolant of low tenperature and pressure, which is
sucked adith FHEVCEHES COPRrESEbFOR PR ARPLBRE Ado LERG SEPENE Se afP PEAIZD

perfo d d r | a rives air__of heat via
heat ggﬁhgggggggggé%gr%?%aggfgxgﬁg%ﬁaﬁf%ﬁ%?%rugédﬁﬁggoggr?yn%%?s?F%%Qing,
refri ger abif@dcienalyi,ngctandigocope WR HYRI20G5 RETHKR03/0988%5ent air

temperature, reduce power consumption and enable a compact

design of the condenser.

15 Background Art

As well known in the art, a cooling system includes various
machines such as a refrigerator, an air conditioner, etc. Each
cooling system has a number of components including an

20 evaporator, a compressor, a condenser and an expansion valve.
The cooling system circulates coolant through a cooling cycle
in order to obtain cold air through contact between coolant and
air. In the cooling cycle, compressed gaseous coolant of high
temperature and pressure from the compressor is cooled in the

25 condenser and converts inﬁo liquid coolant. Liguid coolant is
decompressed while passing through the expansion valve, and via
heat exchange 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.



2 The condenser is an inportant conponent for condensing high tenperature
and pressure gaseous coolant fromthe conpressor into liquid. An air

cool i ng type3peivdenser is typically used, in which a numper/Kxo3foiws are
nmounted on a heat 5 transfer pipe for enabling coolant to flow therethrough
and a condenser fan is disposed in the front of the condenser so that the
anbient air forcibly introduced by the cortdenser fan can perform heat
exchange with cool ant flowi ng through the heat transfer pipe. 10 However
in the case wher eThee epeldnagrsyist em iispappkingd compoaendyifer W@‘?@S&qgarée
val ue of annual tenperature variation and a |arge value of dai Y,

t enper at ur e Iybgh durarre reHaHR GFKis@&§§ﬁ§?eth%aﬁgﬁﬁsofc?%ga%Bn Ty, Ghe

nser 1

general |y desi gned based_,upon the, hi St s ' : t kRCI{
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condensat i on. gf{ L g1 ' : ; i i :
( 651 L1 £OCYsdd), LRewBYBHES Mieser b Eng @afe noterheel ahua ddat
hi gh. I—|0weverj%| n the wnter where anbient air tenperature is |ow,

t
condensers mayrhesfanecessafot yerlarlgieng siosd@ngufpi Eﬁ@ﬂtt]é%ﬁﬁ’éh’é%‘tl?%na%c??&éct

can be realized even with 20 a substanti.all [ t t f
the condensefon@ersfEstimriet8dsRPERY +%rt3€, ¥F??g?'e°5pc§’ae ﬁ;l%%?lg%ﬁegﬁéeﬁ\aﬁat

the cost for raw matepialLi seseiblyi Sndbbbbeullyf ociandbeadiier coaanser

the condensef iés a large Ins ation space, and power consunption

i's increasedpe28oki Me@W ekchhese priahl ewslarhte fendensarhcamibetvesigmed
as a water cooling or evaporative type. However, the water cooling
condenser reguenesea gabki.ci ent anount of water to increase the vol une of

the cooling s [ [ ' i i -

vt er écﬂgareiiéﬁ?‘%%%%é G minsar Sarager rufEacl I Y5 M Bt D
i g%region having a large value of annual temperature variation
and a large value of dally 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 area necessary for
installation of an evaporator and/or related components is

increased. The evaporative condenser having a small volume



installation of an evaporator and/or related conponents is increased. The
evaporati ve condenser having a small vol une WO 03/095905 PCT/ KRO3/ 00905 3
makes it wDfoBiogisht to install. Disclosure of Invention 5PCREKRIBASWAL

i nvention has been made in view of the foregoing problens, and it is
therefore an object of the invention to provide a condensing systemin a
cooling system in which an air cooling cbndensing unit is conbined with a
wat er cooling condensing unit or an evagorati ve condensing unit so 10 that
only the airmebfadenti dgfaaculistopénatedlor the air condensing systemis
operated in conmbination wth the water cooling condensing unit or the
evaporative condensing unit to performa condensing function so as to

i nprove condghsalibelreChE €hoBationave power consunption and reduce the
size of the 15 condensing system thereby saving nanufacturing cost,

ensuring convenient handling and inproving productivity. Brief Description

of the Drawings 20 Fig. 1 schematical]ly illustrates the structure aof %
condensi ng syst emBte aPEEEENEg WYV At cBREi MFSD BREPr S BhBBdidtent of

he i i on; Eigs, 2 1] | €801 |
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condenser accor 8? irst e I men

Fig. 2A showgnaedeubhetBi PLoGOAEeNSEInderdithg #F sHhes naaptabei sgnegsser,
Fig. 2C shows fluid pipes which are spirally twisted in parallel with each

ot her, and 30nFilylcl?2Brshbdwscaslpentciondehisdng wipes swapovhiaed ¥iotledwvaher
parallel wth e?ch ot her; . , , . .

cooling condensing unit or an evaporative condensing unit so

10 that only the air condensing unit is operated or the air

condensing system is operated in combination with the water

cooling condensing unit or the evaporative condensing unit to

perform a condensing function so as to improve condensation

efficiency, save power consumption and reduce the size of the

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



Fig. 3 schematically illustrates the structure of an WO 03/095

PCT/ KRO3/ 00905 4 alternative to the condensing systemin Fig. 9(iSV\/ni ch
further worpoImes a second water cooling condenser; FigsPCAAKRIGH0HB
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 condensing system and Hig. 4B shows in detail a water
tank adopted in the condensing systemin Fig. 4A; and 10 Figs. 5A and 5B

schemat i cal |y 4iddlstiad &4 heStddddieinpfsystmandengling sy sihémhadearcdieng t o
a third enmbodinent of the invention, in which Fig. 5A shows the overall
structure ofcduyer cormlenssagondystesay eerl 1B FFRISBRows in detail an

inportant part of a condensin i pe in, FEig. 5A. e .far i Qut
the Invention 20 fﬁésf-ol‘l}p’oﬁ“r‘?g 4@Jgtséfl?‘legﬁ‘t&é%clrliyptl ilgﬁl%vtt\nl %prtg%enstg%g{%fugr% red

ermbodi ment s %é 4 %%gid%;ﬁgq_tnifgo:gp/:s'ﬂefneggégﬁgﬁnéOcé hesaeeappanybagmett ani ngs: 1.

First Enmbodi ustrates a condensi ng system according to a
first enpodi geattDénf heni wMeBhi on. The condensinggsygtemconprisesg an air
cool ing condenser 100 and a water cooling condenser 200 unted on a

cool ant pi pe 201 Fstneel? t Hleows r teBoPVAGEESNAEREEFUT 06 Tard s CHHPTESSL
(not shown) . The air cooling condenser 30 100 includes a serpentine heat
transfer pip8Y3B8™ wAf'Ch is folded so that cool ant of high tenperature and

pressure fron]theEig. 4B shows in detail a water tank adopted in the
condensing system in Fig. 4A; and
10 Figs. 5A and 5B schematically illustrate the structure
of a condensing system according to a third embodiment of the
invention, in which
Fig. 5A shows the overall structure of the condensing

system, and
15 Fig. 5B shows in detail an important part of a condensing

pipe in Fig. 5A.
Best Mode for Carrying Out the Invention

20 ThefOllowingdetaileddescriptionwillpresentpreferred
embodiments of the invention in reference to the accompanying

drawings.

1. FPirst Embodiment

25 Fig.].illustratesacwndensingsystemaccordingtozifirst
embodiment of the invention. The condensing system comprises
an air cooling condenser 100 and a water coéling condenser 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



conpressor flows through the heat transfer pipe 101, a nunber WO 03

PCT/ KRO3/ 00905 5 of fins 102 nounted on thg Eeat transfer pipe 101/223925
condenserwofoam9sk08 installed in the front of the air cool iPcg/KrRmdernser 100.
The condenser fan 103 forcibly introduces the anbient air so that the
anbient air is guided by the fins 102 to have heat 5 exchange with cool ant
flow ng through the heat transfer pipe 104. The water cooling condenser
200 i ncludes the cool ant pipe 201, a water passage 202 for enabling water
to flow thergFhfiough 02t fohaved keat hexekanyeans £ar qoiateai L and ReCeRFRHRT

pi pe 201, an inlet pipe 203 and an outl et_pipe 204 caonnected w t
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feeding and discharging water Lpsacdi {,0 t i i
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pressure andesohdens ng. thoado g de@ﬂnéoéhéﬁvgéggaéngéPt2§@aﬁéﬁeﬁa?épﬁny

structure capable of perform heat ch t
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cool ant pipe 201 via a partition 209 so
direction of coolant and a control valve 205 installed in the
inlet side of the inlet pipe 203 for automatically controlling
water feed to the water passage 202 according to ambient air
15 temperature, coolant pressure and condensing load.

The water coolant condenser 200 can have any structure
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 water of

25 relatively lower temperature flow as isolated from each other
while having heat exchange with each other, and 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 of high temperature and pressure can have heat

30 exchange with water of relatively lower temperature via the
partition 209.

The water cooling condenser 200 is disposed in the air



that coolant of high tenperature and pressure can have heat 30 exchange
with water of relatively |ower tenperature via the partition 209. The

wat er coaworgiognilenser 200 is disposed in the air WO 03/ @2FGAH3/00905

PCT/ KRO3/ 00905 6 discharge side of the water cooling condenser 100 so that
the air can secondly contact the water cooling condenser 200 after it is
forcibly introduced by the condenser fan 3 and flows through the air
cool i ng condenser 100. This structure of the 5 condensing system can
separatel y reaktusgrgérsand oftere oadldmgootondensarsnasrwefP ae Hhat Mk

cooling efficiency through second contact with the air
tenper at ure eharcarssicamdlyl Fopkectakes Wdrs (1€ Foﬁgﬁgsftsgébaeg séposed

in parallel wth the c Iant
regi ons of t?f& i‘z\%t% Xooll'L {’8%?%&% %‘%%%ﬁ%%%%%%oj?@vf s%cgailﬁvtﬁ: |y

about the cogaphy hni:ﬁé sidecss1 110 deshdehsexr 9@0penthie sontichuratdbrchil e
mai nt ai ni ng tight cont act wwth each other. As a result, both heat t{ansfer

gr eahand g nEondegsbeﬁl nEseaatht GepBrate liorea & e G EhPCoBRERY. CA% WS o,
s shown in Fi ot
wat er cool i nSOEGﬁEIé%éreasggg i n%X%s%%@@ HLLREL 688 Hrifigh S6CoRd.

on a tream’ 1 quid pipe

210 of the h%gbt%c@mﬂfﬁ p Q@ %@% el féﬁ%ﬂ@@éﬂyCQghéﬁgﬂ%ﬁﬁ&ﬂ&ﬁﬁréﬂﬂhand

has a wat er pi pe and a water outlet pipe 204' so that water
flows thr OUQ'&o%@aﬁtpas$ﬁg‘6h@d¢a@@nfthém titree fiadiedt pripe 206 i6 AHageoRedtin

exchange between fluids. In this case, the outlet 204" of Ih
cool i ng cond@nggrllEOO wigih t hee dorrsEREamibsgu 4t png % e > ¥\/515er

i et pi BB 203 01 1P TRA 8P ScRBITIG BSRATL 55 200 4P Sp05ad G Y‘“r?telhcg‘“e
cool ant pi pe 201 hefween ke 139MRLEEE0fh@ntbolant inlet side or folded in
a serpentine configurationwhile maintaining tight contact with
each other. As a result, both heat transfer area and time can
be increased to obtain more efficient cooling.
15 Also, as shown in Fig. 3, the condensing systemmay further
comprise a second water cooling condenser 200" which is disposed
on a downstream liquid pipe 210 of the heat transfer pipe 101
of the water cooling condenser 100 and has a water inlet pipe
203' and a water outlet pipe 204' so that water flows through
20 a passage adjacent to the fluid pipe 210 to have heat exchange
between fluids. In this case, the outlet pipe 204' of the water
cooling condenser 200' on the downstream liquid pipe 210 of the
heat transfer pipe 101 of the air cooling condenser 100 is
connected with the inlet pipe 203 of the water cooling condenser
95 200 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.
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



the air cooling condenser 100 so that water can have heat exchange with
coolant in twice. Since the air cooling condenser 100 can conpensate any

i nsuf fi ciwotoseedhi ng via the water cooling condenser of tReT/KXD3jopwention,
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
tenperature sensor for neasuring anbi ent 03/ 095905 PCT/KRO3/00905 7 air
tenperature can be installed in a side of cooling system A pressure
sensor can beirnsembeedtiinet fended|Httalird tig ﬁeééé?eOfcﬁePég?gp?%%ﬁPe.

Then, a separate controller is needed t oper at.e t t

cal cul ating Qe SPYRAFSCHY EI% l%sﬁcijel%cg glgtr%e. cpﬁl%’?lgségﬂie ;{%I %‘Tgag%(JF%V\s
in solid Iingsohodicaledhed | Ownedl @oGlfainadl ddafiddnes: | 1l sadeed ieo
flow of air, and one-dot <chain Ilines indicate the flow of water. In Fig.
2C, a hat chedpetagicothé ndintatdsvalheldonadpateting deediol dnwilggals from

description will present the operation of the condensing systemin the
cool i ng syst EMcaBEBE@Fy to the first enbodi nent of the invention having

t he above structure, ressed.co o] L ghy & enREy Aty S
from the conpr essgrrTl Ef:l(sjg%r ?'LIT;.:I’%I I3;’/ ?%??‘t@ u%%??lnmt%qt he sgilﬁl%%ﬁ%nghglg%ﬁ

condenser 10Qt goBASHLHr hiBEELYL ihEHUGN il evabher £Lowl o Ag icondes ene200L
The wat er cooling condenser 200 has the double pipe structure to_introduce

wat er t hrouglehizie duhes phpecaos the Tl mifavatprpe ERriid urd havha§chre

plurality of overlapped pipes 207 defining the serpentine passages through
whi ch cool antreﬂ}oé)n&nﬁd{‘@tqpsl &N%]%]soéfbasrpaﬁcge'rel ate to each ot her.g °

Gi sposed Ui n paral 1o o1 EE TReI ot St by e FoT e The bt on 208, ¢
the condensing system in the cooling system according to the
first embodiment of the invention having the above structure.

Compressed coolant of high temperature and pressure from

the compressor is primarily introduced into the air cooling

15 condenser 100 to pass primarily through the water cooling
condenser 200. The water cooling condenser 200 has the double
pipe structure to introduce water through the outer pipe 206

or the plate pipe structure having the plurality of overlapped
pipe5207definingtheserpentinepassagesthroughwhichcoolant

20 and water flow in separate relate to each other. Otherwise,
the water pipe 208 for enabling water passage thereinis disposed

in parallel with the coolant pipe 201 via the partition 209.

In the case where the water cooling condenser 200 has the double
pipe structure, coolant of high temperature and pressure

25 performs heat exchange with water of relatively lower
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 plates 207. 1In 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,



In the case where the water cooling condenser 200 has the double pipe
structure, coolant of high tenperature and pressure 25 perfornms heat
exchange woton/opsder of relatively |ower tenperature whi cirCiiires/0bds0Ugh
the outer pipe 206. in the case where the water cooling condenser 200 has
the plate pipe structure, high tenperature and pressure cool ant perforns
heat exchange with water flow ng through & he adj acent passages via 30 the
pl ates 207. In the case where the cool ant pipe 201 is dLspo ed ianaraIIeI

with the watepobipe Pospriverahy perisfnkhrasal eRenahgt G £AOVEL 8FSFFa the

partition 209. As ar S“',gﬁg\ﬁgfeofﬁggvg%%r %(glgll&%%\?»/cggl%%%seqr 688! a0t ed

primarily cool ed t ove Steps. er, since the water

cooling condepsafe 20¢ 4$sPha¢gd side tdfetakradi SUHIGR) soteedlsetrh20@j rair
cool ing condenser 100, air forcibly introduced by the condenser fan 103

cont a(r:]t s ]E hefuatebl§ iocotdduredbyehberc2@Engeenfainrl (3 geniteets YhaivsEtr ged
via the ins 102 and the heat_transfer,pipe 101. Even though prina

heated, & r Ba8liBPaEPYREYSEHWHC P’gﬁﬁe?é?ufse B rfiéLS‘ﬁlﬂ%irtgl%d Ehhﬁﬁ/e
tenperature an S d pgLf heal, +8 NGE1 ¥

cool ant i nsi gegtsﬁfe@%og’ldzﬁﬁg(&#%% %;8615 s%é%#?\%t E%oic)flh}rar"rslt 161 S\II ?&P% theﬁ%%ic:lliént
pi pe 201 canhbgtsagonh hagondeasedelyndier taspenheneetire cnaperipope 208 is
di sposed in parallel wth the coolant pipe 201 via the partition 209, the

paral | el regighstempehstuacerngi peesesrandoehantoshanthpf pee2bIrRaN BR"
tw sted spi ralxlﬁéiaabout. the c

configurati off RO Ty °PP %lln%g%}ﬁjg e(e V?/lé!tC%)eoelca‘)a(r:rH-]c Bkogggzrdlnig tgl%rtzgéﬁgtfgﬁj% Rg
cool ant - g pe.,20h;andnkhe Juakel piipR 2008 &an e seldoid1ql @ondbrspaned 1o
ge the heat transfer area as well as prolong the passages of cool ant
and/ or water, t herehye asseadicong tieawateansier 20Brs dTapasetha parallel
CondensatlonWith the coolant pipe 201 via the partition 209, the parallel
regions of the water pipe 208 and the coolant pipe 201 can be
twisted spirally about the coolant inlet side or folded in a
15 serpentine configuration maintaining tight contact with each
other. As a result, the coolant pipe 201 and the water pipe
208 can be alternately disposed to enlarge the heat transfer
area as well as prolong the passages of coolant and/or water,
thereby increasing heat transfer time. Then, the condensation
20 efficiency of coolant can be further enhanced.

After first and second heat exchange in a region of the
watercoolingcondenserZOO,coolantiscmntinuouslyintroduced
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



20 efficiency of coolant can be further enhanced. After first an

heat exchange in a region of the water cooling condenser 200,acgofgﬁ?n?s
cont i nuouwbysjopopdduced to the air cooling condenser 100 PCa/Krasfoerm t hird
heat exchange wth the anbient air which is forcibly introduced by the 25
condenser fan 103. Then, the coolant tenperature is further |owered so
that coolant can nostly condensed into Iiduid having roomtenperature and
hi gh pressure. In the case where the water cooling condenser 200’ having
the water inhehtpépen2fge anthtbeokmner cwvlant pfhewog theoudy WRUMAL on

the downstream | iquid pipe 210 of the, heat transfer pi 1
cool i ng condensesfenoprspet had ﬁﬁ?e?ec%%tr?@%ﬁ??h+%5%ﬁé$§ef%%%§%d% é%jaceat

to the liquid_pjpe 210 to have CTl. exEna
wi th cool ant ?fc%‘g?a"ﬁ?ﬁﬂ _o?ﬁ%g“%%:%ooug eq} Ee Et%eoﬁt a{fﬁgﬁ{s?g?ggi Eg ?lg?hgan benge
introduced i ptepLRge! LULEvRI REa218xcREnybewivah ewateool aggicoimenserv208r
after first to third heat exchange to have heat exchange with water again

in the waser cbotdaki ngndensersa@00200' Thahenh gk ghePReHRE AL &r 2 AT pr e

cool ant conpressed by the coqy eﬁggr erforns hgat %ﬁyﬁgggr' Wy e %é{ e
and/or air f6EPOLEHE FIHRESS IR /Yy eﬁFE?pESSFgﬁﬁxﬁgﬁgég |ntf%é%céﬁ%?o the
next step af et omplotel ¥;copdensed: i ifes| 1l d rLBuin, L beotase vharbethe
wat er cool!ng ondenser 2 i s  disposed between the conpressor and the

wat er cool i ng 1GeRdRRSEr tolthantktthestsge cntk et ermebetéhy condensed 20BOI s

di sposed downstream of the condenser 100, the water outl i '
ISt 1 , et pipe 204" of
t he wat er codliiwgdcondenser 200" nounted on the domnstreanllg Fiquid pi pe

210 O LIBeal LB PLRS 10hol L0 Bt codddng ilenseied 0900515
disposed between the compressor and the water cooling condenser

100 and the second water cooling condenser 200 is disposed
downstream.of the condenser 100, the water outlet pipe 204%' of

the water copling condenser 200' mounted on the downstream

15 liquid pipe 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
between the compressor and the water cooling condenser 100.
After introduced into the water cooling condenser 200

90 downstream of the water cooling condenser 100, water is more
orlesselevated:Hltemperatureduringfourthheatexchangewith
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 discharged 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



wat er cool i ng condenser 200 nounted on the cool ant pipe 201 between the
conpressor and the water cooling condenser 100. After introduced into the
wat er coowpng/ogongdlenser 200° 20 downstream of the water c@®OTiKRpI®oMWdenser
100, water is nore or less elevated in tenperature during fourth heat
exchange with coolant which is lowered in tenperature through first to
third heat exchange steps. Then warnmed wat®r is fed into the water
cool i ng condenser 200 between the conpressor and the water 25 cooling

condenser 108vehowkvesh shaceondensonperettae off thRaipwenidesr hps folesh
t han that of cool ant havi ng hi gh

| t enperature and_pressured .whi ch is_]uUsSt
di scharged f FBRILLRE SkphpPassdiat §|§f?r?%ic8ﬁtveﬁgéfm8§c%]ﬁ§é) ogfflgc?g%%%n%)%é'
realized. As.set forth aboye, &0l S 2Rl b g 00linggthd80water
condensers apgegséggpea%iﬁM%S%%2§%¥?%ﬁﬁ%Ath égcg%other.CSo, ?ﬁe condensi ng
system of thedonyentiea Han ceblaing tondensdrs dondensiteg eff emtlowdent hee
conventional air cooling condenser WO 03/095905 PCT/ KRO3/00905 10 eyven
though the cemdersitnglsystepeoituhe HisesntP ortdHadighguth tReSUMEE s 282t han
that of the conventional .air cooli condenser.. rati fy the egtisi
condensi ng si§?@ﬁ¢@ﬁb?g&#ﬁ§ytﬁ§ ﬁﬁ?g?egtd%fiﬁﬁﬂéﬁ gfgﬁﬁggfgﬁbagoﬁ g%se?s
I's carried ouh Qalydhenctiies Br@aRinenk i itfent BIdIRE Tb868ed aryBar bhehs
in the sunwer,eheat transfer ability is reduced, or heat transfer load is
rapidly el evaiadnt fptdeswardi eat radncedppéhat Urenperd vk edenpdr opngher

cool ant pressure is reduced, the tenperature sensor gng/or (frqfs re_sensor
detects the BHESEUISNSEBSPHaECEPRL S ke BRIVAFYRN 1P 568 5 hh&r Ut wifer

feed and_qnly, the air cooling.c Lo e ed. 1hesubbngvaker
remai ni né8i n 2tong]e lé%ﬁdféﬁﬁlsp%ﬁg ‘“%styeg{]%%ﬁ%%gta&rd algpgee\r;g%og%f nggt ﬁer%ebyn
protecting the sydaRdd 0mMasf beezisidt , Akseersubhbtheny danderscogdehkent

can be obt ai ned
systannaturallyevaporates,therebypmotectingthesystanfrom
freezing. Also, sufficient condensing effect can be obtained
by actuating only the small sized air cooling condenser 100.
15 Then, entire consumption of electric power can be saved as much

as needed for actuating the water cooling 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 air 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 transfer
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



by actuating only the small sized air cooling condenser 100. 15 Then,
entire consunption of electric power can be saved as nuch as needed for
act uat i ngwotwe/osmder cooling condensers 200 and 200" . Secead/KRmodtosent 20
Figs. 4A and 4B schematically illustrate the structure of a condensing
system according to a second embodi ment of the invention. The condensing
system conprises an air cooling condenser1100 and an evaporative condenser
300 di sposed between the air cooling condenser 100 and a conpressor (not
shown) . ThetBboagh teeliary corderserpin® IHel udés avaBpPpHRRLVACPRAGENSST

transfer 101, whi i i

and ﬁgessuP; gpoﬁﬁﬁh@-g%ﬁ%%é%égigff%ago%g? ﬁé% Lﬁg%ﬁggﬁgi gﬁ%?gp§{%$%%g%01
a number of fins 102 mpupted heat. 4] ansf iope n :
fan 103 |nst3PF§ %FW ?ﬁeg$§dﬁgpé%hfﬁgﬁ%f¥ﬁgo céﬁ{ﬁﬁgpcghﬁgﬁggrﬂﬁggéogﬁgéser
condenser fangi08cfiReet bliywitntyagduces it hananb@nforianaddl irtmwatties &ebbent

air is guided by the fins 102 to have heat exchange with coolgnt fl o ng
WD 03/ 095905aRCTHEROZE0A505ed] inthr Baghia et Hemk Fhhsneh 2prpatist. V%w €

Y e

di sposed up ondenser a water et pipe

301 connect e%u‘ﬁ‘og&tti*&%l et ot @nk BORy f it &pabkibag teatiere twnter Stank 303
automatically fed into the water tank 303 and a control valve 302 disposed

in the inlet agicdedihd heo wartiet enhl et rpiteepd thore, aaokmi careysure and
controlling water feed to the water tank 303 accordj to nbient36br
, a

t enper at ur e, CEBGIERRA LHAEE RIS HHEE - c&ﬁ&%t?%%%&ﬁge?o? SPRe"
compr easdh  afRE G P ST ne Rt B0 e | e e PE arer ai Thin
the water t a%oling condenser 100 is immersed in water within the water tank
100. The outlet side of the coolant pipe portion 304 is
connected with the inlet side of the heat transfer pipe 101 of
the air cooling condenser 100 so that coolant flowing through
15 the heat transfer pipe 101 can have heat exchange through contact
with water having relatively lower temperature. The condenser
fan 103 is disposed over the water tank 303. Air passages 305
are formed in the water tank 100, communicating with the bottom
of the water tank 100, in an alternating manner with the coolant
20 pipe portion 304 immersed in water within the water tank 303
so that the ambient air flows through the air passages 305 to
evaporate water within the water tank 303 thereby condensing
coolant within the coolant pipe portion 304 via latent heat of
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 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



100. The outlet side of the coolant pipe portion 304 is connected with the
inlet side of the heat transfer pipe 101 of the air cooling condenser 100
so that cwoloanpsohs ow ng t hrough 15 the heat transfer pipePCOKRBMAVE heat
exchange through contact w th water having relatively | ower tenperature.
The condenser fan 103 is disposed over the water tank 303. Air passages
305 are forned in the water tank 100, conidinicating with the bottom of
the water tank 100, in an alternating manner with the cool ant 20 pipe
portion 304 hhpetseseiratuatecamibdiimstee vat én afkdg0sf geothag $Hetem.

anbient air flows through the air_ passages. 305, t evapqrate L §hi
the wat er taﬁkpg@?ﬁlﬂﬁ%rfﬁiys%rﬁéh?ienbnsg%iiﬁatl chhrﬁ ﬁot%ﬁfém 08\#\@%?5%%%&”
portion 304 yig |atent hea i i on. f i
installed w #hlﬁnt? Re wat er E?g?ﬁﬁngﬁéét%@f% 'oatseé%(ﬁ%;ccﬁ ﬁg&tnﬁé/hgl\%g?eiréll‘é%el
thereof to opem/chosephhgtevabatrbnlietr pppea8s. thencenthelavalveoBfAghy

condenser 100 can conpensate any insufficient cooling via the water
cool i ng cbndendenlef inie de3@dtivantsiismalih& remy EhGa PP A etuced to about

the half of a typifal il cogling eondensersinouse (8) 200011008l the

cooling system erature sensor neasuri ng

anbi ent WO 031005905 PCHKRO300RNG, 11l Iideimerat the £aswberi astal bad in
a side of cooling system A pressure sensor can be installed in the

cool ant pi pe ope-dicdn ch3Q4 tla mesasind czdad ditte prless e . wlBeparate fromt he
float valve 306, a separate controller operates the control valve .302 by
5 cal cul ati ng det eBRe orPrRdlemal BI {5361 aTh@Ts BR80T R0 +RY FGEt ey RC&Pd BT t°

the 1 owl8r 41, BRI 0N Uot HHaTh Pincet ndresre ihe Fraw'sr am er e ©
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

95 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 be introduced to a next step.

As set forth above, the evaporative and air cooling

condensers are operated in cooperation with each other. So,



The condensing system of the cooling systemaccording to 10 the second
enbodi nent of the invention having the above structure has the follow ng
oper at i onwo@afpivessed cool ant of high tenperature and pre®E€arRBHOIOS t he
conpressor is primarily introduced into the air cooling condenser 100.
Since the cool ant pipe portion 304 between the 15 conpressor and the air
cooling condenser 100 is inmmersed in waterl3within the water tank 303, high
tenperature and pressure cool ant perforns heat exchange w th water of

| ower t enper aher ednoldreiery  $yeterenper hher énveatden GaRt bkl | Hgeroved
condensi ng node). As the condenser fan 103 is actuated, the | |
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deprives coolan at to further wer the tenperature of cool ant
(evapor at i ve sg@ndenrss Nge dde) th&£o el fathe iconveorttiomadusiy dantlrioduceddensehe
heat transfer pipe 101 of the 25 air cooling condenser 100 ,and the
tenperat ube Obesesiam PE Fhet KATITGWeFeBIERPOGh HESTRX Thi% htPhe

anbient air which is forcibly int f i
coo:ing Lon&@#ﬁoﬁﬁkﬁﬁﬁéfnaé%%%b%ﬁggggggg%gg%%%ggﬁgggﬁ?gﬁggéﬁg%%g?%4ghégnd

pressure coohay ainBt @nlki Y-y empelrdh@rd ixgleh eeolant Kaghs 3t hed stimaduced
to a next step. As set forth above, the evaporative and air cooling

condensers amheapersdresfén globpetut ien redukedaclyrothrat Seansie 031098905

PCT/ KRO3/ 00905 13 the condensin% system of %he.in ention.can obtain_ 4
i mproved corddisilg Frreiebverl Tt kBecBRPERMoRAF SFPPESEIIAG &Snggwger

Chen L hodl PR/AATISL DAL S8 0% DNAIELED g up st -0
entire condengidydhSpsbeBurBtdatidg dehects 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
Gobtainedknzactuatingonlythesmallsizedaircmolingcondenser
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 evaporative
20 andaircwolingcondensers,thefloatvalws306floatsaccording
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 third 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



evaporative and air cooling condensers is carried out only when the
anbient air tenperature rises to year highs in the sumrer, heat transfer
ability iworiegosvesl, or heat transfer load is rapidly el erargRosiohooshe
anbient air tenperature is |owered 10 and/or the cool ant pressure is
reduced, the tenperature sensor and/or pressure sensor detects the
variation so that the control valve 302 bldocks water and only the air
cool ing condenser 100 is operated. As a result, sufficient condensin

ef fect can beitbbaainediby st fatciglyniytrodusedl by s zeendersepofdngto2

condenser 15 100. Then, entire consunpti f i .
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automatically close the water inlet pipe 301 thereby bl ockjng water feed
to the waber wishkaB03 $nttHgruougiwefosasdnkime 409 ?H% jv%‘ite"?'lﬁlr%‘%/éln Spaces

constantly. 25 Third Enbodj nent. Fig. 5A.schenmatically ill r S

structure of bﬁtWESHbifﬁgb effoﬁ(f@%sqnﬁg Osf;st[heemc aangcgoé%qén% %@i ag]{lﬁi fsdggdly
embodi ment - af Lhe 'tpvse_tcwahtwsggeﬁ@l@fdtr@@r&%l%im im0 hasader
combi ned structure of air and watéer cooling condensers. In the 30 conbined
condensi ng syspemi4Q0,iscaippessedbetakant tok hbghanteppeeat dPé BAdSpRESSure

froma conpressor (not shown) flows _through cool ant pipes 401 and is
condensed t heedgEtHest Caradiage MO T3/MEFSI05 PCT/ KRO3/ 00905 14 with air

Sool ant pes 403, Mthe EHER AR PaPsEe a1 ar o P el dedt o AP I E St pont e
confi gurati on apd Al aGed fdritdiecd e@irough extrusion molding, and defined
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
afe 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
90 407 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 thereof adjacent to the
95 coolant outlet side and discharged from the water pipe 404 at
another region thereof adjacent to the coolant inlet side.
Ianig. 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



of the condenser fan 402 so that the coolant pipes 401 can contact 5 with
air. Continuously folded fins 403 are installed in spaces between fol ded
regi ons oWotohevedl ant pipes 401 and fixedly brazed to stCaiKgo/00®gi ons of
the cool ant pipes 401. A water pipe 404 is disposed between the cool ant

pi pes 401 to enable selective circulation of water. 10 The cool ant pi pes
401 are nade of Al excellent in heat trans$er performance through
extrusion nolding, and defined into a plurality of chanbers allow ng fl ow
of cool ant #R6r&tdm dhghcompoedepr ccatinysssasl chelpnresetind abf CeBBraAt1ES

wel | as ensure sufficient heat transfer _area. -The wat.er._ pi.pe 40
sel ected froRRE BEFPEFERSOLLIPHE E%ﬁﬂﬁ%?s?h9\?ﬁﬁﬁ3§% %Qﬁﬁﬁlﬁﬁ §E4§§5 a%
cool ant out | g4, pLRS1ARE 1 ALE: GoMecieRd ikesprabived wih Rodbakas phpbbe
cool ant pipes 4 SO0 that cool ant can diverge into the respective chanbers
or converge fanamiklieneaspgcthyepbiwarbet .o abatmireiay epodigpe: 28n40¥vipgge
connected with one end of the water pipe 404 in the side of the cool ant
ouéle; FL@e 4?6Oaﬁ@eaﬁﬁ§?ﬁcﬁﬁ%?eﬁh%ﬂ§ﬂ¥ﬁﬂk3is connected with the ot her
end o e water pipe iin,.the sid of_th i nl i

that water can be #ﬁ?r 5aGe84°T Prts Elé)lwaatlte?r efp(?clglceg(g(g%lo a%'] g&?gglggrrlfjfg%g?ggf
adj acent to the %60 ewld ethsi deoandndbsshar gestl deom fives walltsr  pirpe
404 at another region thereof adjacent to the coolant inlet side. In Fig.
5A, arrows i nreelrpbddchestimedincahe fhkdéd awaforsooifahbe eapel e RidteTHALN

lines indicate the flow of water. The condensi ng system of the R
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coolant pipes 401 so that coolant can continuously have heat

Jé]hge

exchange with air while winding through the folded regions of

the coolant pipes 401 and thus be properly condensed. The other

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

interposed between the folded regions of the coolant pipes 401,

resultantly improving the condensation efficiency of coolant.

Accordingly, even though the size of the combined

condenser 400 is reduced, the condensation ability thereof is

95 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 lowered 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



400 from the conpressor, conpressed cool ant of high tenperature and
pressure flows through the coolant inlet pipe 405. Since the coolant inlet
pi pe 405 wo osomvexted with the cool ant pipes 401 defi nedPof/KEva/opdosral ity
of chanbers, coolant can diverge 5 into the respective chanbers. The

cool ant pipes 401 are folded to a flat serpentine configuration and the
continuously folded fins 403 are interposEd between the fol ded regi ons of
t he cool ant pipes 401 to enlarge the heat transfer area between air
forcibly 10 phpeddicadd il duretbondehddre Fahe @2 rend04 ool SHECHEDRI TP 4T

cool ant pipes 401 so_that cool ant can continuously, .have heat . exc ith
air while wiR#PRY #HtodGhR P%@C?& aEgb?Eﬁi%-h‘%e%fo t S CEdt aht P %e%@%ﬁg“%mnd

th b A : T t t t d ]
us be pr opgg%gl&ﬁ\?ﬁqf%gtaﬁgoflga%ee g@freﬁlﬂ?éﬁtp 18 bESRRE! & VEe 6Tk SHLapt pes

401 are connec cool ant o t pipe 406 so that cool ant
condensed dugiRgcttidstleatdemddtandhe hhdecost aedn giqpesam0ischesggdsvia
the coolant outlet pipe 406 and then is introduced to the next step., The
cool ant ph peshaogoatentobiieasi H0h ard pEntd We L LoARTGarRGEsh V-6 Egﬁl%ﬁ e
passages thereby ipcreasing,heat 20. exch i ; C L

fol ded fins Eé@gaﬁggiﬁ?e?%%gﬁﬁs%e?ﬂ% %nfﬁ%ﬂggﬁlégpfggﬁéhgﬁofﬁgkggggg?gﬁ?

pi pes 401, 5§SHEE§EBH%gi%BBQ&&%QthﬁeQQnﬂgnéﬁbeargéﬁi@heaqghothQOQhaet.
Accordi ngly, even though the size of the conbined condenser 400 is reduced,
t he condensabiueteabblptystherceahe sut@2sdacndangincappdee attializedrasheprm; t
is apparent that reducing the size of the conbi ned condenser 400 can
obtai n variowWadtéff-ects including saved power consunption and manufacturing

cost, fagi!itatedspperalign and dJMIME RPdYE | MLt tariecondensghien
efficiency of coolant can be Towered iIn 0 a season such as summer as the-
ambi ent t enpyRNUNY HoRS whEiN codlh@twpterocasl hagtsystamnige epehavetetro

conpensate the
as well as in an air cooling mode where coolant performs heat
exchange with air which is forcibly sucked in through 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
cooling and air cooling condensers is carried out only when the
ambient air temperature rises to year highs in the summer, heat

95 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 is operated. As a result, entire
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.



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

03/ 095905 PCT/ KRO3/ 00905 16 pipe 407 and flows through the water pipe 404.
Si nce t hewoadlogssds pi pes 401 are placed at both sides of Pog/K®RBANIPI pe 404
and the inlet side of water corresponds to the outlet side of cool ant,

di rect heat exchange can be made between cool ant di scharged via 5 the

cool ant pipes 401 and cold water introduceW via the water pipe 404 to
condense cool ant via water cooling. Water warned by depriving cool ant of
heat is di schar gedttHraugihnofiesiverier 2 tamRasta i SEDS oL RHEC o Bt RT IS &R

then can be utilized as war ter. 10, Si nce ol ant . condensat.i gn_ca e
carried in asﬁB?BF.l%ﬂ§%&%eP%rEbgﬁlaﬁ ch‘eer FSFd I a?"%}% zsiﬁ%eyow(?t h
water —as “ehhdaﬁ %ﬁn@ﬁoﬁ'%a?@@!f@g IREEr WAST €m& 00k aRbuReLf s Bt e abater
exchange with air ich 1s forcibly sucked in through operation of the

condenser fapadB23gesubf ithiagnttheonaertsatli omlefd iqEremoytonidt teml be obrarakd
even in the sumrer. As set forth_ above, the water cooling and air cog%%ng
5| ng

condenser® afBidpural vates GOPET Y 6R WP Fash Tt HEPST ure ARa ey
system of thg laygation,gan %@éﬁ@, 'g{?){eqy%tnﬁgglg'lﬁﬂ]ﬁ'nnﬂh%f fuﬁﬁferg}}ﬂg%eth‘ﬂ

conventi onal ¥art “cool'i ng~ condenser even he condensin st em of

the inventi oRaRasad 1RUSFapSHELé S oShESébarhehedt of dife coNer Dneéz g
cool i ng condenser. eration of the entire condensing systemincluding the

wat er cool i ng ahd wintepotvay domuEnddrs tiespemativae snorenbyg leleAetrheso
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water feed is interrupted and only the air cooling condenser iIs -operated.
As a result, o@nki k8 the air cooling mode for a long time, dirt may be held
by the fins 102, 403 to remarkably degrade the condensation
efficiency. .In this case, if coolant pressure is detected and
the water cooling condenser is automatically 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



consunption of electric power can be saved as much as needed 30 for
actuating a water cooling section while sufficient condensing effect can
be obt ai neo By9mmei uating only the small sized air cool i n@CraRisoe®s. WO
03/ 095905 PCT/ KRO3/ 00905 17 Al though not shown, a tenperature sensor
and/or a pressure sensor is installed in a portion of the conbined
condenser 400 and a control valve for wat& volune is nmounted on the water
passage so that the control valve can automatically control 5 inf |ow of
wat er accor dsggten asbreadlayrhaedﬁedaaudelanunébéﬁéﬁd ipressngdl $RaGS,
result, water_rennining in the matg_ pi pe 404 urallg_eva o&%gps to
protect the WRBERDYi pBCEEASEPGMAPPEdLRd O N thg SF 8% P Y GUGh t he
tenperature drops below zero so that the lifetine of the condensing system
can be prolonged. 10 Al so, the condensing systemof the invention is
operated only in the air cooling node for a long tine, dirt may be held

by the fins 102, 403 to remarkably degrade the condensation efficiency. In
this case, if coolant pressure is detected and the water cooling condenser
is automatically 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 conbines the water cooling condenser or the
evaporati ve 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 anbient air tenperature, coolant pressure and condensation

| oad so as to actively cope with condensing action of coolant according to
t he vari awoma/opsvomnbi ent air tenperature. 30 As a result, PEOVHERO3®WSUNPL i ON
can be reduced since unnecessary parts are not operated and the overal
size of the condensing systemis reduced to save manufacturing cost so
that the cooling WD 03/ 095905 PCT/ KRO3/0090% 18 systemis readily handl ed
and is installed in a snmall space, thereby increasing applications of the
cool i ng syst Bhet\WDs0glegdseds TIBCT/ KRO3/ 00905 19 Wiat |Is Cained Is: 1. A
condensi ng systemin a cooling systemconprising: an air cooling condenser
100 including a fol ded serpentine 5 heat transfer pipe 101 for enabling

cool ant of high tefperp@tclgfnedfea}{gqr%%sy%%re% f0m 8o62MREEE§E ehOcthPWi sing
0

t her et hrough, a nunber I ns 2 mounted on the heat transfer pipe 101
and a condenser fan ai@3coabiallehdemgdrel 00 dntclofdirigpadialdssbngentine

condenser 100 so that the anbient air forcibly introduc dsﬁ{ t he condenser
10 fan 103 i $iegd Heanpyeriing a&llégrt%lafb&kﬂél%éaPlé}%‘éh%g)e\ FﬁmPEBSIF]&ﬁF

flow ng through the heat fer_pi : j
200" 0 Sposed et AGHERE SFEN EoOTTRE RoAeHLar o0 saT The Eofp eosae e

the cooling systeAl 1088HEHE b WakEk e £0@lrang feangeps a0 128Adiznebudesset5 a
cool ant pi pe 201 di sposed between the conpressor and the air cooling

condenser 10Garalvat enspassadelR@hef 6roghabf ithg aareroeblny swnaansat APSugh

to have heat exchange with_cool ant, in the._ coolant i pe, 201, .20 an . nl
pi pe 203 andf%htéﬁﬁ1§@epﬁﬁ@lfﬁﬁié@ﬁh ggg&ﬁiy 1ntrod%ced ¥ the condensg&

10 fan 103 is guided by the fins 102 to have heat exchange with

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 pipe 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

95 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



with the water passage 202 of the water cooling condenser 200 for
automatically feeding and discharging water in a direction reverse to a

fl ow ng dwoestpsns of cool ant, and a control val ve 205 i nstralTIkRI3@0905he
inlet side of 25 the inlet pipe 203 for automatically controlling water
feed to the water passage 202 according to anmbient air tenperature,

cool ant pressure and condensing |oad. 2. T#e condensing systemas set forth
inclaiml, wherein 30 the water cooling condenser 200 has a doubl e pipe
structure i nofwhethtiwmeédy fbwas thmpaghtidiceut er pipe 206 so that cool ant

of high tenperature and pressure can have heat exchange with water WO
03/ 095905 PCT/ KRO3/00905 20 of relatively |ower tenperature. 3. The

condensi ng systemas BrEnn gl 8 d0ek a8heL€ifd rthhen WatLim ¢ookhdgein
condenser 200 haszgh §€%?%§%%eﬂ png%} 5 s?ructure in which a plurality of

over | apped pkatesy209r f epldempeadndenpass2fds Bast et overaaprped Hpyhte

tenperature and pressure and water of relativel ower _tenper at | ow as
i sol at ed #romteachusehdr wWhiicE BaRi-Hg2hehY éﬁcﬁg%ﬁiaﬁP?ﬁ ngﬁeso?é2r£oi% 4.

condenser 200 KRS Er BACBHER S ULt &0 Ui o &L WL 6r B b 306 T ar

condenser 206 ructure 1n a Wwater pipe 208 for
feedi ng wat ef, i3 0i-2PoSRA akPar okl eblavitBiyha cweal arndmmpspec 2 Flawaas
partition 209 so that cool ant 15 of high tenperature and pressure can have
heat exchangd swiltledndtrem efchebbheyerlylleovavinhpasdt erEhANg <t Hé thaperhi on
209. 5. The condensing systemas set forth in any one of preceding clains
1 through 4, O¥&%ein the water cooling 20 condenser 200 is disposed in the
air disc@arge side of the air

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

90 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



cool ing condenser 100 so that air forcibly introduced by the condenser fan
103 passes through the air cooling condenser 100 and secondly contacts the
wat er coaworg/ogwnilenser 200. 25 6. The condensing syst em ®ETHR03f00905h i n
claim4, wherein parallel regions of the water and cool ant pipes 208 and
201 are tw sted spirally about the coolant inlet side to increase heat -
transfer area and time. 30 7. The condensi g systemas set forth in claim
4, wherein parallel regions of the water and coolant pipes 208 and 201

fol ded in a senpeatiwieiteaichgoter ¢ ihereafainadd ArARSEREM DG BIBI05
PCT/ KRO3/ 00905 21 contact with each other to increase heat transfer area
and tinme. 8. The condensing systemas set forth in claiml1, further

conprising a secong er -6p9LL89 qg&gﬂ§@r 200¢ f13posed- 4N d 19 Fudthd
pi pe 210 domnstrean1§?;%%g ﬂeat tPgns er pFSe 101 é} t he materaco%??%gr
condenser 10QcapdiBavigng aecwaher wanket cpbpéng268hdandea d@0érdbappeedpppe

204' so that water flows through a passage adjacent to the fluid pi 10
to have heat aekéhahgeripet ael @W%?H%?m30f§ﬁﬁT%@§@5n3§ﬁ§@E&Ié?&Pgngggeggt

forth in claim1 or 8, erei I i ' of . i
condenser 206%‘e HEEFﬁe0P$26P§'g?%§85§§£d§@%§??§§%gﬁ¥“fﬁéhﬁgﬁﬁaﬁggﬁggggbg?pe

101 of the 8ig3rcgaki AowseBdenseEIe109ips TONNess ethan wWatkhe filblet thBopipe
203 of the water cooling condenser 200 di sposed on the coolant pipe 201

Eetmeﬁn t he eﬁppseageradmdcehe o rtleo dlivdigl pébAdRhE &0 TRY s fegfraf=*FREBFScan
ave heat exchange wi th coolant in twice. 20 10. A condensing systemin a
coollng.systéﬁ¥%%ﬁﬁ%iﬁﬁqiﬁs' an air cooling condenser 100 including a fol ded
serpenting

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:
maaircoolingcondenserlooincludingeafoldedserpentine
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
95 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



heat transfer pipe 101 for enabling cool ant of high tenperature and
pressure froma conpressor to flow therethrough, a nunber of fins 102
nount ed owotohmotsent transfer pipe 101 and a condenser 25 fPan/KKI3/0bqest al | ed
in the front of the air cooling condenser 100 so that the anbient air
forcibly introduced by the condenser fan 103 is guided by the fins 102 to
have heat exchange with coolant flow ng t%@ough the heat transfer pipe

101; and an evaporative condenser 30Q di sposed bet n the 30 conpressor
and the air HBSEFﬁSmc8§d§ eP1fofP @ﬁépﬁn@ﬁﬁseévgﬁgwative condenser 300

Loc) ndes: @ substant!al W, ho¥: shaRadpYBL el 8Bindd8ed! $roses b 0395005

PCT/ KRO3/ 00905 22 upstream o cool i ng condense a water 1 nlet

pi pe 301 conpectedtahkBohedroxnshaped waakertd ank a3@dnlaari cenabl iteg vwater
to be autonaticall¥ fed into the water tank 303, 5 a control valve 302
di sposed in the watetr spa& &03/the water inlet pipe 301 for automatically

controlling water feed_tq the ter ta 303 _accordi.ng,to anbient.air
tenperatu$e, cool ant pF%§§ﬁ¥€xﬁﬁaaégﬁdgﬁgag38305$gs%ﬁrE%ealgESfaﬁfg i%g
portion 304 dhappsedrbehneenptbe 389 €0rPLessALit BRF1IPecahtr690khf0water
condenser 100 and imersed in water within the water tank 100, the cool ant
pi pe portionfded tdhahiengatarddrleB0siadiiirent obmnmgecoriect edparshuaa,
inlet side of the heat transfer pipe 101 of the air cooling condenser 100
so that cool §RPLEPGWPHESENTGUGRY FOTRERS LR PELSHUFE /101 can 15 have heat

chohianue 1 oual gontact WA 8K s 8 bR EATSbNCL o ey wempecatine,
wi th theigcookanbrpiseerpand @he3@4 ri GBBLSAE 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
15 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
20 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
25 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.

11. A combined condensing system in a cooling system
30 comprising:
air cooling means for introducing compressed coolant of

high temperature and pressure from a compressor through a



in water within the water tank 303 to communicate with a bottom 20 of the
wat er tank 100, in which the condenser fan 103 is di sposed over the water
tank 303 wo oBlogt9os he anbient air flows through the air pasIagw3B0®sto
evaporate water within the water tank 303 thereby condensi ng cool ant

wi thin the cool ant pipe portion 304 via |latent heat of vaporization, and
25 a float valve 306 di sposed within the water tank 303 to float accordi ng

to the water | eyel thereof to open/clopse the, water. inlet pipe 301.. 11, A
conbi ned conGBﬁ\s{?mj RYRE A § iroa %d%ﬂr}cf?dl FEFrPugg‘ ReAbrS T K I t00dt F ng

means for in 16109 16U IRRSRI 1500l adbn QL sB) 9B L enper atur Df egpyre
froma corrprgégg'#gt rc:)Lugh a WO 03%9590%11%&7 KR03?0090% %;‘3 %oo ant p?pe
401 to be condensad phpeudldiheatdexchange with air forcibly introduced by
a condenser fan 402 in front of the coolant pipe 401; and water cooling

condensi ng means fHtBFCLAHINGCPRECRBbIAMEAS FPECAMAGH 1O Ahratepldphpe

404 so that cool a wi.thin the cool a i 01 can_have heat .exchange
wih vt o WPRREAN Y Mk 8 IR B2h8 Hoq RURGAORCET AL AN RER L SN0 8

folded to a Lhak 51 RAM hB9e XN kgdhakigan, aad WRltageditRihhend @@k «af pi pe
condenser fan 402 10 so that the cool ant pipe 401 can contact with air,

wherei n cont Bfdeusly folded fins 403 are installed in spaces between

fol ded regions of the cool ant pipe 401 and fi,xedli/ brazed to straight
regi ons of the codl@tehi &4020lant nimsr €7+h 18 hatdrd fige 4G4 Feraripsied

between the Egﬂgi‘@grgﬁa@ BE3 é?éc&&i fHaPA§Oxfﬁxe%tf \{:ﬁlaefirc]:qroﬁlcﬁleﬁtsie%nfgk ygher.

12. The conbi ne ndensi ng system as set inc
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



11, wherein the cool ant pipe 401 has a plurality of chanbers allow ng flow
of cool ant therethrough in order to disperse the 20 pressure of cool ant as
wel | as ewousmI®d ficient heat transfer area, and wherei RCTHERMB@VWS pi pe
404 is selected froma portion of the chanbers. 13. The conbi ned
condensi ng systemas set forth in claim 11 or 12, further conprising: a
cool ant inlet pipe 405 and a cool ant outl pi pe 406 connected

respectively with both ends of the cool ant Dpipes 0., appscan
di verge int @hteh@at%pﬁépﬁvéogh%?m < Bhde é’ofgx’?gl;eegecg%?ﬁ%r%%t ﬁéﬁr@gs%gg%i ve

chanbers, 30.a water inle i t edrw thecoaterdpopet hednatea
pi pe 404 inwpﬁgg%deaggrf%3BC%§Igﬁ%rgggpgg %ipe 406, and apmgter out | et

pi pe 408 conpeahedimkiBothaiPidwit enda afodMar(30095905s RET/RR0EL 669859884
the water pipe 404 in the side of the coolant inlet %ipe 435, .mhe%$b¥o
water can befriont theuwedeinpdpehe0 hedera}i e EA Lo THSE§i%n 2FHEES

adj acent to a coql ant ,outlet sjde and discharged fromthe water pipe 404
at anot heér rPediohaterdbreadiatent to 5 a cool ant inlet side.



