EP 1614 973 A2

Européisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 1614 973 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
11.01.2006 Bulletin 2006/02

(21) Application number: 05014420.3

(22) Date of filing: 02.07.2005

(51) IntCl.:

F24F 5/00 (200509
F28D 5/00 (2006.01)

F24F 12/00 (200609

(84) Designated Contracting States:
ATBEBG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILTLULV MCNL PL PT RO SE SI
SK TR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 06.07.2004 CN 200420071208
(71) Applicant: Guangzhou Wide Industrial Co., Ltd.

Taihe Town, Baiyun District
Guangzhou 510540 (CN)

(72) Inventor: Li, Zhiming

Guangzhou 510540 (CN)

(74) Representative: Meyer-Dulheuer, Karl-Hermann

Patentanwaltskanzlei

Dr. Meyer-Dulheuer & Partner
Metzlerstrasse 27

60594 Frankfurt am Main (DE)

(54) Water cooling system with full heat recovery

(57)  The presentinvention relates to a water cooling
system with full heat recovery comprising a condenser,
an evaporator, a compressor and an expansion valve;
the evaporator connects with a cooling water recycling
circuit; one side of the condenser is disposed in a position
corresponding to a cooling air opening; the cooling air
opening connects with an air pipe; the air pipe connects
with an indoor air outlet and an outdoor air inlet through

subsidiary pipes; the other side of the condenser is pro-
vided with an exhaust vent; and a cooling fan is disposed
between the exhaust vent and the cooling air opening.
The present invention utilizes low temperature, low hu-
midity indoor exhaust air as cooling air for the evaporative
condenser. It makes use of the sensible heat (tempera-
ture difference) of indoor exhaust air as well as the latent
heat (humidity difference) of indoor exhaust air, thereby
attaining better condensation effects.
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Description
Technical Field

[0001] The presentinventionrelatestoair-conditioning
cooling apparatus and more particularly pertains to a wa-
ter cooling system with full heat recovery.

Background Art

[0002] Following the increasing popularity of air-con-
ditioners, the air-conditioning industry has been fast de-
veloping in the past decade. However, the increasing
popularity of air-conditioners exerts enormous pressure
onthe existing insufficient electricity supply facilities. Sta-
tistics show that electricity consumption of air-condition-
ers amounts to 35% of the total electricity consumption
of an office building. The operational costs of air-condi-
tioners are huge. Developing air-conditioning facilities of
effective energy saving capability has therefore been a
development trend in the air-conditioning industry.

[0003] The existing cooling systems are mainly divided
into two types, namely air-cooled cooling systems and
water-cooled cooling systems. Air-cooled cooling sys-
tems utilize outdoor air directly as the cooling agent to
cool the apparatus. Since the refrigeration operation of
air-conditioners is mainly in the seasons of higher tem-
perature, the refrigeration efficiency of directly using out-
door air for cooling is therefore relatively low, where the
COP (coefficient of performance) is maintained at around
2.0. It can be seen that this type of cooling systems is of
high energy consumption. However, air-cooled cooling
systems dominate the market because of the conven-
ience in installation and the flexibility in location. Wa-
ter-cooled cooling systems utilize water as the cooling
agent and bring the exhaust heat of the refrigeration sys-
temto the cooling tower. Heat is then discharged outdoor
by the cooling tower. Since the cooling tower can lower
the temperature of cooling water to approximately the
outdoor wet-bulb temperature, in comparison with the
refrigeration system it has good condensation effects.
The refrigeration efficiency of the cooling systems is
thereby increased and the COP can reach 3.8 to 4.0.
Nevertheless, since water-cooled cooling systems are
installed with an additional cooling system, costs of the
apparatus are increased and locations for installation are
also limited. Moreover, for the purposes of heat radiation,
traditional cooling towers usually use water sprinklers to
spray water evenly. Water drops from this type of
sprayers are relatively small. Further, there are relatively
strong winds in the cooling tower. Therefore, itiscommon
for water drops to "fly" out of the cooling tower during its
operation as small water drops are carried by strong
winds to spill out from the tower directly. This water spill-
age amounts to over 50% of the total water consumption
of the cooling tower, while the water used for actual evap-
oration and heat radiation is less than 50%. Furthermore,
the existing cooling systems produce large volume of
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condensate during the refrigeration process. Known
skills are to directly discharge the condensate that is pro-
duced. Since the temperature of condensate is as low
as 10°Cto 15°C, the cooling energy loss is relatively high.
If the condensate can be directly recycled to assist cool-
ing, the temperature of cooling water can be lowered and
energy can be saved, and this can greatly reduce the
consumption of cooling water.

[0004] In addition, when the water cooling system is
used, for the purposes of satisfying the hygienic require-
ments of indoor air, fresh air has to be supplied continu-
ously to the air-conditioning area. In existing air-condi-
tioning systems, fresh air load amounts to around 30%
of the total air-conditioning load and the energy consump-
tion is high. To reduce the total load, fresh air reduction
methods are often used, which lead to poorer air quality
in the air-conditioning area and fail to satisfy the hygienic
requirements. Further, an exhaust system that discharg-
es some of the indoor air to the outside has to be installed
to facilitate indoor air exchange. The discharged air is a
cooling air source of low temperature and humidity. Its
temperature is usually relatively low at 25°C to 28°C. Its
relative humidity is also low at 60% to 70% and its
wet-bulb temperature is even as low as 20°C to 23°C.
The existing cooling systems of air-conditioning systems
fail to utilize this cooling energy and thus lead to wastage
directly.

Disclosure of the Invention

[0005] In view of the aforesaid disadvantages now
presentin the prior art, the object of the present invention
isto provide awater cooling system with full heat recovery
which s highly effective, energy saving, water saving and
healthy.

[0006] To attain this, the present invention generally
comprises a condenser, an evaporator, a compressor
and an expansion valve; the evaporator connects with a
cooling water recycling circuit; one side of the condenser
is disposed in a position corresponding to a cooling air
opening; the cooling air opening connects with an air
pipe; the air pipe connects with an indoor air outlet and
an outdoor air inlet through subsidiary pipes; the outdoor
airinlet is installed with an airflow regulation valve to reg-
ulate the mixing ratio of outdoor air and indoor air, and
the range of regulation ratio is 0% to 100% (i.e. the mixing
ratio of outdoor air to indoor air is 0:1 to 1:1); the other
side of the condenser is provided with an exhaust vent;
and a cooling fan is disposed between the exhaust vent
and the cooling air opening.

[0007] The condenser is an evaporative condenser
comprising a water sprayer, a heat exchange plate or
heat exchange tube, a water tank and a recycling water
pump; the water sprayer is disposed above the heat ex-
change plate or heat exchange tube; the water tank is
disposed below the heat exchange plate or heat ex-
change tube; the recycling water pump connects with the
water sprayer and the water tank.
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[0008] A filling can be disposed between the heat ex-
change plate and the water tank, for example a PVC fill-
ing. The provision of a filling ensures that cooling water
flowing through can be maintained at a certain temper-
ature for a longer time.

[0009] The heat exchange plate comprises a plate
body and the plate body is provided with channels.
[0010] The plate body can be provided with a flat sur-
face on one side and with ridges protruding on the other
side forming empty channels, or it can also be provided
with ridges on both sides to form the empty channels.
[0011] The outer surface of the plate body can be a
slick surface. It can also be a fortified heat conducting
surface with enhanced heat exchange effects. For ex-
ample, it can be provided with one or a plurality of outer
wing panel.

[0012] The shape of the channels can be of a contin-
uous "S" shape.
[0013] The cross sectional shape of the channels can

be circular, elliptical, olive-shaped, square-shaped, trap-
ezoidal or other irregular shapes; the actual shape de-
pends on the specific production needs of the heat ex-
change apparatus.

[0014] The entrance and exit of the channels can be
flexibly disposed depending on the actual usage require-
ment. For example, it can be disposed in a corner position
of the plate body or on the sides of the plate body.
[0015] The connection between the entrance or exit of
the channels and an exterior junction can be performed
by welding or flanged connection.

[0016] There can be one or more heat exchange
plates. The actual number can be flexibly adjusted de-
pending onthe refrigeration volume required. When more
than one heat exchange plates are used, the heat ex-
change plates are arranged in parallel.

[0017] The water sprayer can be a slot-type water
sprayer or a perforated water sprayer.

[0018] Slot-typed water spray troughs are disposed at
the bottom of the slot-type water sprayer. The exit at the
bottom end of the slot-typed water spray troughs can be
provided with one or a plurality of guiding plate.

[0019] As an alternative, water spray holes are dis-
posed at the bottom of the perforated water sprayer.
Guiding nozzles are disposed inside the water spray
holes. The guiding nozzles are disposed in a position
corresponding to the tube body which is connected with
the upper end of the heat exchange plate. Owing to the
guiding nozzles, water flows to the top of the tube body
and along the surface of the tube body evenly to the sur-
face of the heat exchange plate.

[0020] The cross section of the tube can be circular,
elliptical, droplet-shaped, rhombus-shaped, square-
shaped or of other shapes.

[0021] The present water cooling system with full heat
recovery can be connected with a condensate recycle
system and the condensate recycle system connects
with the water sprayer or the water tank of the evaporative
condenser. The condensate recycle system can recycle
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cooling energy of the condensate to assist the cooling of
the evaporative condenser.

[0022] The condensate recycle system comprises a
water receptacle and a condensate pipe; the water re-
ceptacle is disposed below an indoor surface cooling fan;
one end of the condensate pipe connects with the water
receptacle and the other end thereof connects with the
water sprayer or the water tank. The condensate recycle
system can be provided with a water pump on the con-
densate pipe depending on the actual needs. It provides
power to transfer the condensate to the water sprayer or
the water tank.

[0023] A filter can be disposed at the exit of the con-
densate pipe.
[0024] The evaporator can be a plate-type evaporator,

a tube evaporator or a wrap-round evaporator.

[0025] The water cooling system with full heat recovery
operates as follows: the condenser, expansion valve,
evaporator and compressor of the present water cooling
system with full heat recovery are sequentially connected
to form a closed refrigeration circuit. The refrigeration
circuit utilizes a coolant (e.g. chlorofluorocarbon) for re-
frigeration. Since the evaporator and the cooling water
recycling circuit are connected, the coolant of the refrig-
eration circuit and the cooling water of the cooling water
recycling circuit perform cooling energy exchange inside
the evaporator, thereby lowering the temperature of the
cooling water. The cooling water is then used for cooling
indoor air. During the same time as the aforesaid oper-
ation takes place, the cooling fan introduces indoor ex-
haust air (of lower temperature and relative humidity) and
outdoor air from the indoor air outlet and the outdoor air
inlet into the space in which the evaporative condenser
is located in order to perform heat exchange with the
evaporative condenser and with the cooling water that
flows through the evaporative condenser. The cooling
water transfers heat to the cooling air by transferring heat
(sensible heat) tothe cooling air and by evaporating water
(latent heat) of the cooling air. The temperature of the
cooling water decreases and the temperature of the cool-
ing air (indoor exhaust air and outdoor air) increases.
Finally, it is discharged from the machine from the ex-
haust vent through the cooling fan. This efficiently utilizes
the cooling energy of air and attains the object of energy
saving. In addition, the condensate recycle system can
at the same time recycle the condensate of lower tem-
perature and mix it with the condensate in the evaporative
condenser, thereby reducing the overall temperature of
the condensate. This serves to assist the cooling of the
evaporative condenser and effectively uses the cooling
energy and saves water.

[0026] The presentinvention utilizes low temperature,
low humidity indoor exhaust air as cooling air for the evap-
orative condenser. It makes use of the sensible heat
(temperature difference) of indoor exhaust air as well as
the latent heat (humidity difference) of indoor exhaust
air. The condensation effect is much better than directly
utilizing outdoor air as cooling air. It prevents energy loss
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due to air exchange and ventilation and attains prominent
energy saving effects when compared with the existing
cooling systems. Annual operational costs can be re-
duced by more than 30%.

[0027] The present invention does not require a con-
densate discharge system. The presentinvention directly
recycles condensate which is discharged in the existing
facilities into the cooling water system as cooling water.
Since the temperature of the condensate is low, the cool-
ing energy of the condensate is recycled and better cool-
ing effects can be attained. Direct recycle of the conden-
sate also prominently saves cooling water consumption
of the cooling systems. When compared with cooling sys-
tems using cooling towers, the present invention has a
very high water-saving efficiency.

[0028] Since indoor exhaust full heat recovery is
achieved, the fresh air load of the air-conditioning system
is greatly reduced. Volume of fresh air is increased while
the cooling load of the system is not significantly in-
creased, thereby effectively improving indoor air quality
and making the present invention energy and water sav-
ing and healthy in application.

[0029] The present invention does not require a cool-
ing tower or a powerful cooling water pump, thereby low-
ering engineering costs and energy consumption. When
compared with the cooling water systems of existing cool-
ing systems, the present invention can save more than
15% of energy in this regard. Since no cooling tower is
required, the water-film spraying of the condenser of the
present invention completely eliminates water spillage.
Therefore, when compared with other cooling systems
using cooling towers, the present invention can attain
water saving effects of over 50%.

[0030] The present invention recycles energy to the
largest extent and lowers energy and water consumption.
It effectively solves the problems of increased energy
consumption due to an increase in fresh air volume of
air-conditioning systems. It possesses the features of en-
ergy and water saving and healthy application. It can be
widely used in the air-conditioning systems in restau-
rants, hospitals, supermarkets, villas, offices and so forth.
It has wide applications and good market prospects.

Brief Description of Drawings
[0031]

FIG. 1 shows a schematic diagram of the water cool-
ing system with full heat recovery of the present in-
vention.

FIG. 2 shows a structural diagram of the evaporative
condenser of the water cooling system with full heat
recovery as in FIG. 1.

FIG. 3 shows the cross sectional view along line A-A
of the evaporative condenser as in FIG. 2.

FIG. 4 shows the structural diagram of the air exhaust
system of the water cooling system with full heat re-
covery as in FIG 1.
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Best Mode for Carrying out the Invention

[0032] The present invention is further described by
the following embodiment with the accompanying draw-
ings, but the embodiment should not be regarded as lim-
iting.

[0033] FIGS. 1 to 4 show the structure of the present
invention. As illustrated in FIG. 1, the water cooling sys-
tem with full heat recovery comprises a compressor 1, a
one-way valve 2, an evaporative condenser 3, a liquid
storage member 4, a drier-filter 5, a liquid mirror 6, a liquid
supply electromagnetic valve 7, an expansion valve 8
and a heat exchange pipe of a tube evaporator 9, which
are sequentially connected to form a closed refrigeration
circuit, and a coolant (chlorofluorocarbon) flows in the
refrigeration circuit. The shell of the tube evaporator 9
connects with the cooling water recycling circuit. Cooling
water flows on the shell of the tube evaporator 9. The
cooling water recycling circuit also comprises a cooling
a water supply pipe 10, valves 11, surface cooling fans
12 and a cooling water return pipe 13; the surface cooling
fans 12 are disposed in different indoor spaces I,1l re-
spectively. There is a water receptacle 14 disposed in
the lower part of the surface cooling fan 12. The water
receptacle 14 connects with the evaporative condenser
3 through a condensate pipe 15. The structure of the
evaporative condenser 3 is illustrated in FIGS. 2 and 3.
Asillustrated in FIG. 2, the evaporative condenser 3 com-
prises a water sprayer 3-1, a heat exchange plate 3-2, a
water tank 3-3 and arecycling water pump 3-4. The water
sprayer 3-1 is disposed above the heat exchange plate
3-2; the water tank 3-3 is disposed below the heat ex-
change plate 3-2. The recycling water pump 3-4 connects
with the water sprayer 3-1 and the water tank 3-3, and
the water receptacle 14 also connects with the water tank
3-3 through the condensate pipe 15. An exhaust vent 3-5
is disposed on one side of the heat exchange plate 3-2
of the evaporative condenser 3. A cooling fan 3-6 is dis-
posed between the heat exchange plate 3-2 and the ex-
haust vent 3-5. A cooling air opening 3-7 is disposed on
the other side of the heat exchange plate 3-2. The cooling
air opening 3-7 connects with an air pipe 16. The air pipe
16 connects through subsidiary pipes 16-1,16-2 with an
indoor air outlet 17 and an outdoor air inlet 18. The out-
doorairinlet 18is installed with an airflow regulation valve
19 to regulate the mixing ratio of outdoor air and indoor
air, and the range of regulation ratio is 0% to 100% (i.e.
the mixing ratio of outdoor air to indoor air is 0:1 to 1:1).
[0034] The water cooling system with full heatrecovery
operates as follows: when the coolant is compressed by
the compressor 1 into a high temperature, high pressure
gas, it is led by pipes to the heat exchange plate 3-2 of
the evaporative condenser 3. When it flows through the
heat exchange plate 3-2, the high temperature, high pres-
sure gasis cooled and condensed into a low temperature,
high pressure liquid and is lead to the liquid storage mem-
ber 4 for storage. When the liquid supply electromagnetic
valve 7 is turned on, the coolant liquid flows out from the
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liquid storage member 4 and flows through the drier-filter
5, the liquid mirror 6, the liquid supply electromagnetic
valve 7 and the expansion valve 8 to form a low temper-
ature, high pressure gas which enters the tube evapora-
tor 9 and performs heat exchange with the water that
flows through the tube evaporator 9, thereby cooling the
water. The coolant in the form of a low temperature, low
pressure gas then flows from the tube evaporator 9 to
the compressor 1, which then completes the refrigeration
cycle. When the coolant flows through the heat exchange
plate 3-2, the recycling water pump 3-4 is activated to
pump water out from the water tank 3-3 to the water
sprayer 3-1. Water flows from the slot-typed water spray
troughs of the water sprayer 3-1 and on the surface of
the two sides of the heat exchange plate 3-2 in the form
of water film, where it performs heat exchange with the
coolant that flows inside the heat exchange plate 3-2.
After heat exchange, the water flows back to the water
tank 3-3. At the same time, water that flows through the
tube evaporator 9 is cooled and is then directed to con-
densate pipes 12 in different spaces |,11 through the cool-
ing water supply pipe 10, thereby cooling air in different
spaces. After the air is cooled, the water flows back to
the tube evaporator 9 through the cooling water return
pipe 13 for heat exchange.

[0035] Duringthe sametime asthe aforesaid operation
takes place, the cooling fan 3-6 introduces indoor ex-
haust air (of lower temperature and relative humidity) and
outdoor air from the indoor air outlet 17 and the outdoor
air inlet 18 into the evaporative condenser 3 in order to
perform heat exchange with the heat exchange plate 3-2
and with the cooling water that flows through the heat
exchange plate 3-2. The cooling water transfers heat to
the cooling air by transferring heat (sensible heat) to the
cooling air and by evaporating water (latent heat) of the
cooling air. The temperature of the cooling water de-
creases and the temperature of the cooling air (indoor
exhaust air and outdoor air) increases. Finally, it is dis-
charged from the machine from the exhaust vent 3-5
through the cooling fan 3-6. This efficiently utilizes the
cooling energy of air and attains the object of energy
saving. In addition, the condensate pipes 12 in spaces
I,Il produce a large amount of condensate of relatively
low temperature during the process. After the conden-
sate is collected by the water receptacle 14, it converges
to the water tank 3-3 through the condensate pipe 15 and
mixes with the condensate in the evaporative condenser
3, thereby reducing the overall temperature of the con-
densate. This serves to assist the cooling of the evapo-
rative condenser 3 and effectively uses the cooling en-
ergy and saves water.

Claims
1. A water cooling system with full heat recovery com-

prising a condenser, an evaporator, a compressor
and an expansion valve; the evaporator connects
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with a cooling water recycling circuit; one side of the
condenser is disposed in a position corresponding
to a cooling air opening; the cooling air opening con-
nects with an air pipe; the air pipe connects with an
indoor air outlet and an outdoor air inlet through sub-
sidiary pipes; the other side of the condenser is pro-
vided with an exhaust vent; and a cooling fan is dis-
posed between the exhaust vent and the cooling air
opening.

2. The water cooling system with full heat recovery as
in Claim 1, wherein the outdoor air inlet is installed
with an airflow regulation valve.

3. The water cooling system with full heat recovery as
in Claim 1, wherein the condenser is an evaporative
condenser comprising a water sprayer, a heat ex-
change plate or heat exchange tube, a water tank
and a recycling water pump; the water sprayer is
disposed above the heat exchange plate or heat ex-
change tube; the water tank is disposed below the
heat exchange plate or heat exchange tube; the re-
cycling water pump connects with the water sprayer
and the water tank.

4. The water cooling system with full heat recovery as

in Claim 3, wherein it connects with a condensate
recycle system and the condensate recycle system
connects with a water sprayer or a water tank of the
evaporative condenser.

5. The water cooling system with full heat recovery as
in Claim 4, wherein the condensate recycle system
comprises a water receptacle and a condensate
pipe; the water receptacle is disposed below an in-
door surface cooling fan; one end of the condensate
pipe connects with the water receptacle and the oth-
er end thereof connects with the water sprayer or
the water tank.

6. The water cooling system with full heat recovery as
in Claim 5, wherein the condensate pipe connects
with a water pump.

7. The water cooling system with full heat recovery as
in Claim 5, wherein a filter is disposed at the exit of
the condensate pipe.

8. The water cooling system with full heat recovery as
in Claim 3, wherein a filling is disposed between the
heat exchange plate and the water tank.

9. The water cooling system with full heat recovery as
in Claim 3, wherein the heat exchange plate com-
prises a plate body and the plate body is provided
with channels.

10. The water cooling system with full heat recovery as
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in Claim 3, wherein the water sprayer is a slot-type
water sprayer or a perforated water sprayer.
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