
WO 03/095905 PCT/KR03/00905  1 CONDENSING SYSTEM IN A COOLING SYSTEM
Technical Field 5 The present invention relates to a condensing system in
a cooling system, in particular, which can selectively provide  cooperative
operation of an air cooling condensing unit with  a water cooling
condensing unit or an evaporative condensing  unit according to variation
of ambient air temperature, coolant 10 pressure and condensing load in
order to improve condensation  efficiency, actively cope with rapid
variation of ambient 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 into liquid
coolant. Liquid 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. WO 03/095905 PCT/KR03/00905  



2 The condenser is an important component for condensing  high temperature
and pressure gaseous coolant from the  compressor into liquid. An air
cooling type condenser is  typically used, in which a number of fins are
mounted 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
ambient air forcibly introduced by the condenser fan can  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 variation  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
area necessary for  



installation of an evaporator and/or related components is  increased. The
evaporative condenser having a small volume WO 03/095905 PCT/KR03/00905  3
makes it difficult to install.  Disclosure of Invention 5 The present
invention has been made in view of the  foregoing problems, and it is
therefore an object of the  invention to provide a condensing system in a
cooling system,  in which an air cooling condensing unit is combined with a
water  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,  25 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 WO 03/095905
PCT/KR03/00905  4 alternative to the condensing system in Fig. 1 which
further  comprises a second water cooling condenser; Figs. 4A and 4B
schematically illustrate the structure  of a condensing system according to
a second embodiment of the  5 invention, in which Fig. 4A shows the overall
structure of the condensing  system, and Fig. 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 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 to a
first  embodiment of the invention. The condensing system comprises  an air
cooling condenser 100 and a water cooling 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 WO 03/095905
PCT/KR03/00905  5 of fins 102 mounted on the heat transfer pipe 101 and a
condenser  fan 103 installed in the front of the air 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 5 exchange with coolant
flowing through the heat transfer pipe  101. The water cooling condenser
200 includes the coolant pipe  201, a water passage 202 for enabling water
to flow therethrough  to have heat exchange with coolant in the coolant
pipe 201, an  inlet pipe 203 and an outlet pipe 204 connected with the
water 10 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 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 WO 03/095905
PCT/KR03/00905  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 103 and flows  through the air
cooling condenser 100. This structure of the 5 condensing system can
separately realize air and water cooling  condensers as well as maximize
cooling efficiency through second  contact with the air of relatively lower
temperature than  coolant. In the case where the water pipe 208 is disposed
in  parallel with the coolant pipe 201 via the partition 209, 10 parallel
regions of the water and coolant pipes 208 and 201 can  be twisted spirally
about the coolant inlet side or folded in  a serpentine configuration while
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 system may 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 25 200 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 WO 03/095905 PCT/KR03/00905  7 air
temperature can be installed in a side of cooling system.  A pressure
sensor can be installed in the coolant pipe to measure  coolant pressure.
Then, a separate controller is needed to  operate the control valve by
calculating detection signals from  5 the sensors. In Figs. 1 to 3, arrows
in solid lines indicate the flow  of coolant, hidden lines indicate the
flow of air, and one-dot  chain lines indicate the flow of water. In Fig.
2C, a hatched  region indicates a hollow space. 10 The following
description will present the operation of  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  pipes 207 defining the serpentine passages through
which coolant 20 and water flow in separate relate to each other.
Otherwise,  the water pipe 208 for enabling water passage therein is
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. 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, WO 03/095905 PCT/KR03/00905  8 coolant is
primarily cooled 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 pipe 101. Even though primarily
heated, air has relatively lower temperature in comparison with  high
temperature and pressure coolant and thus performs heat  exchange with
coolant inside the coolant pipe 201 so that coolant  10 within the coolant
pipe 201 can be secondly condensed. In the case where the water pipe 208 is
disposed in parallel  with 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  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 25
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 WO 03/095905 PCT/KR03/00905  9 heat exchange
with coolant, coolant flowing through the heat  transfer pipe 101 can be
introduced into the liquid pipe 210  of the water cooling condenser 200'
after first to third heat  exchange to have heat exchange with water again
in the water 5 cooling condenser 200'. Then, high temperature and pressure
coolant compressed by the compressor performs heat exchange with  water
and/or air for four times. As a result, coolant can be  introduced to the
next step after completely condensed into  liquid. 10 In the case where the
water cooling condenser 200 is  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 cooling 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' 20 downstream of the water cooling condenser
100, water is more  or less elevated in temperature during fourth heat
exchange with  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 WO 03/095905 PCT/KR03/00905  10 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 5 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 and/or the
coolant pressure is reduced, the temperature sensor and/or  pressure sensor
detects the variation so that the control valve 10 205 interrupts water
feed and only the air cooling condenser  is operated. As a result, water
remaining in the condensing  system naturally evaporates, thereby
protecting the system from  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 25 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
WO 03/095905 PCT/KR03/00905  11 through the heat transfer pipe 101. The
evaporative condenser  300 has a substantially box-shaped water tank 303
disposed  upstream of the air cooling condenser 100, a water inlet pipe
301 connected with the water tank 303 for enabling water to be 5
automatically fed into the water tank 303 and a control valve  302 disposed
in the inlet side of the water inlet pipe 301 for  automatically
controlling water feed to the water tank 303  according to ambient air
temperature, coolant pressure and  condensation pressure. In the
evaporative condenser 300, a 10 coolant pipe portion 304 between the
compressor and the air  cooling 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 WO 03/095905 PCT/KR03/00905  12 air temperature can be installed in
a side of cooling system.  A pressure sensor can be installed in the
coolant pipe portion  304 to measure coolant pressure. Separate from the
float valve  306, a separate controller operates the control valve 302 by
5 calculating detection signals from the sensors. In Figs. 4A and 4B,
arrows in solid lines indicate the  flow of coolant, hidden lines indicate
the flow of air, and  one-dot chain lines indicate the flow of water. 



The condensing system of the cooling system according to  10 the second
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 be introduced
to a next step. As set forth above, the evaporative and air cooling
condensers are operated in cooperation with each other. So, WO 03/095905
PCT/KR03/00905  13 the condensing system of the invention can obtain
improved  condensing effect over the conventional air cooling condenser
even though the condensing system of the invention has a much  smaller size
than that of the conventional air cooling condenser. 5 Operation of the
entire condensing system including the  



evaporative and air cooling condensers is carried out only when  the
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 evaporative  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 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 WO 03/095905 PCT/KR03/00905  14 with air
which is forcibly introduced by a condenser fan 402  in front of the
coolant pipes 401. The coolant pipes 401 are  folded to a flat serpentine
configuration and placed in the rear  



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 folded
regions of the coolant pipes 401 and fixedly  brazed to straight regions of
the coolant pipes 401. A water  pipe 404 is disposed between the coolant
pipes 401 to enable  selective circulation of water. 10 The coolant pipes
401 are made of Al excellent in heat  transfer performance through
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  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 thereof
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 WO 03/095905 PCT/KR03/00905  15 



400 from the compressor, compressed coolant of high temperature  and
pressure flows through the coolant inlet pipe 405. Since  the coolant inlet
pipe 405 is connected with the coolant pipes  401 defined by the plurality
of chambers, coolant can diverge  5 into the respective chambers. The
coolant pipes 401 are folded to a flat serpentine  configuration and the
continuously folded fins 403 are  interposed between the folded regions of
the coolant pipes 401  to enlarge the heat transfer area between air
forcibly 10 introduced by the condenser fan 402 and coolant within the
coolant pipes 401 so that coolant can continuously have heat  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  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 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 WO
03/095905 PCT/KR03/00905  16 pipe 407 and flows through the water pipe 404.
Since the coolant  pipes 401 are placed at both sides of the water pipe 404
and  the inlet side of water corresponds to the outlet side of coolant,
direct heat exchange can be made between coolant discharged via 5 the
coolant pipes 401 and cold water introduced via the water  pipe 404 to
condense coolant via water cooling. Water warmed  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 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 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 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. WO
03/095905 PCT/KR03/00905  17 Although not shown, a temperature sensor
and/or a pressure  sensor is installed in a portion of the combined
condenser 400  and a control valve for water volume is mounted on the water
passage so that the control valve can automatically control 5 inf low of
water according to ambient air temperature and coolant  pressure. As a
result, water remaining 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. 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 WO 03/095905 PCT/KR03/00905  18 system is readily handled
and is installed in a small space,  thereby increasing applications of the
cooling system. WO 03/095905 PCT/KR03/00905  19  What Is Claimed Is: 1. A
condensing system in a cooling system comprising:  an air cooling condenser
100 including a folded serpentine  5 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  fan 103 installed in the front of the air cooling
condenser 100  so that the ambient air forcibly introduced by the condenser
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  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 WO
03/095905 PCT/KR03/00905  20 of relatively lower temperature. 3. The
condensing system as set forth in claim 1, wherein  the water cooling
condenser 200 has an overlapped plate  5 structure 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 WO 03/095905
PCT/KR03/00905  21 contact with each other to increase heat transfer area
and time.  8. The condensing system as set forth in claim 1, further
comprising a second water cooling condenser 200' disposed on 5 a liquid
pipe 210 downstream of the heat transfer pipe 101 of  the water cooling
condenser 100 and having a water inlet pipe  203' and a water outlet pipe
204' so that water flows through  a passage adjacent to the fluid pipe 210
to have heat exchange  between fluids. 10 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 WO 03/095905
PCT/KR03/00905  22 upstream of the air cooling condenser 100, a water inlet
pipe 301 connected with the box-shaped  water tank 303 for enabling water
to be automatically fed into  the water tank 303, 5 a control valve 302
disposed in the inlet side of  the water inlet pipe 301 for automatically
controlling 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  10 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 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 WO 03/095905 PCT/KR03/00905  23 coolant pipe
401 to be condensed through heat exchange with air  forcibly introduced by
a condenser fan 402 in front of the  coolant pipe 401; and water cooling
condensing means for contacting the coolant  5 pipe 401 with a water pipe
404 so that coolant within the coolant  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 WO 03/095905 PCT/KR03/00905  24
the water pipe 404 in the side of the coolant inlet pipe 405,  whereby
water can be introduced into the water pipe 404 at a  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. 


