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orative condenser, at least one compressor, at least one heat exchanger, an
expansion valve, and at least one multiple-etfect evaporative condensers.
The multiple etfect evaporative condenser and the heat exchanger utilize a
highly efficient heat exchanging pipe for performing heat exchange
between water and refrigerant.
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Title

Air Conditioning System with Multiple-Effect Evaporative Condenser

Background of the Present Invention

Field of Invention

{001} The present invention relates to an air condifioning system, and more
particularly to an air conditioning system wilizing a multiple effect evaporative

condenser for effectively and efficiently cooling refrigerant.

Description of Related Arts

{0002} Referring to Fig. 1 to Fig. 2 of the drawings, a conventional condenser 1002P
and a conventional cooling tower 1001P for a central air conditioning systemm is
iltustrated. The conventional cooling tower 1001P and the conventional condenser 1002P
are connected through water pipes 931P, 923P in which cooling water 924P is puinped by
a pumping device 932P to circulate between the cooling tower 1001P and the condenser
{002 through the water pipes 931P, 923P. The cooling tower 1001P is usually installed

on an exterior of a building, such as on the roof of the building.

{00031  Vaporous refrigerant {coming from a compressor of the central air conditioning
system) having an clevated temperature enters the condenser 1002P and 15 arranged to
perform heat exchange with the cooling water 924P coming from the cooling fower
1001P. After the heat exchange process, the vaporous refrigerant will be cooled down
and transformed into liquid state. The liquid refrigerant 9359 is arranged to leave the

condenser 1002P and go back to the evaporator for another compression cycle.

{0004] The cooling water 924P circulates between the cooling tower 1001P and the

condenser 1002P. While m the condenser 1002P, the cooling water 924F absorbs heat
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from the vaporous refrigerant and the temperature of the cooling water 924P thereby
increases. After absorbing heat, the cooling water 924P 1s pumped backed {o the cooling
tower 1001P through the water pipe 923P for being cooled down by the cooling tower
1001P. The cooling water 924F having a lower temperature then circulates back 1o the
5 condenser 1002P through the water pipe 931P for another cycle of heat exchange with the
vaporous refrigerant. Conventionally, the temperature of the cooling water 924P leaving
the cooling tower 1001P is approximately 32°C, while the temperature of the cooling
water 924P leaving the condenser 1002P (i.e. after absorbing heat from the vaporous

refrigerant) is approximately 37°C.

10 {0005] The cooling water 924P leaving the condenser 1002P is collected at a top water
collection basin 925P. The cooling tower 1001P comprises a tower housing having 2z
recelving cavity, an air inlet 9299 and an air outlet 930F both communicated with the
receiving cavily, wherein the top water collection basin 925P is provided on top of the
tower housing. The cooling tower 1001P further comprises a boltom water collection

15 basin 928P, and a predetermined amount of All material 926P received in the receiving
cavity. The cooling water 924P collected in the top water collection basin 925P is guided
{by gravity) to flow into the receiving cavity and in physical contact with the fill material
D26F to form a water film. Ambient air is sucked into the receiving cavity through the air
mlet 929 and is arvanged to perform heat exchange with the cooling water 924P passing

20 through the fill material 926P. After the heat exchange, the air is arranged to exit the
cooling tower 1001 through the air outlet 930P while the cooling water 924P is collected

at the bottom water collection basin 928P, which is connected to the condenser 1002P.

{0006] There exist a mumber of disadvantages in assoctation with the zhove-mentioned
air conditioning system. First, for the condenser 1002P as described above, the lower the
25 temperature for the coohng water 924P coming into the condenser 1002P, the better the
performance of cooling the vaporous refrigerant, and the lower the temperature of the
cooling water 924P coming out of the condenser 1002P. For the cooling tower 1001P,
however, the higher the temperature of the cooling water 924P collected in the top water

collection basin 925P, the more effective the heat exchange between the air and the
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cooling water 924P flowing through the fill material 926F, In other words, there is a
relative relationship between the temperature requirement of the cooling water 924P of

the condenser 1002F and the cooling tower 1001P.

{0007} Second, referring to Fig. 2 of the drawings, the cooling tower 1001P 15 filled
with the fill material 926P for guiding the water film to perform heat exchange with
ambient air flowing through the fill material 926P. Water flowing into the top water
collection hasin 925P is guided to flow through the fill material {in the form of a thin
water film) along a longitudinal direction of the water tower 1001P. Yet from a practical
perspective, there is a gradual increase of air temperature between the air inlet 929P and
the air outlet 930P because air is drawn from the air inlet 9299 to the air outlet 930P. On
the other hand, there exists a gradual decrease in heal exchange performance along a
trangverse direction of the cooling tower 1001P. As shown in Fig. 2 of the drawings, if
the cooling tower 1001P 15 hypothetically divided into four sections, namely Wy, W, W,
and Wy, the heat exchange performance in these four sections are different because of
their differing air temperature. As a result, the cooling water 924P coming out from these
four sections are of differing temperature, vet they are all collected at the botiom water
collection basin 928P. Hence, the overall temperature of the cooling water 924P leaving
the coohng tower 1001P through the water pipe 931P s actually the resulting temperature
of the cooling water 924P after mixing from the four different sections of the fill material
926P {as shown in Fig. 1},

[0008] Third, as shown in Fig. 1, the conventional cooling tower air conditioning
system requires the use of very long pipes {such as the water pipes 923P, 931P) for
counecting the various componenis thereof. For example, when the air conditioning
system and the cooling tower 1001P are installed in different locations, the fength of the
pipes which connect the cooling tower 1001P and the condenser 1002P must be very
long, such that the cooling tower 1001P is typically located at the roof of the building
while the condenser 1002P is located somewhere within the building. Such an extensive
piping system requires cumbersome maintenance procedures and constifutes substantial

waste of raw materials. Moreover, since the ducts connecting the cooling tower 1001P



o

10

15

0

WO 2013/159079 PCT/US2013/037505

and the condenser 1002F are very long in length, very great resistance will be developed
within the ducts so that the energy needed to pump the cooling water circulating between
the cooling tower 1001P and the condenser 1002P 15 necessarily wasted. This

substantially reduces the efficiency of the entire cooling tower air conditioning system.

Summary of the Present Invention

{0009} The invention is advantageous in that it provides a multiple-cffect evaporative
condenser, wherein heat exchange within the multiple-effect evaporative condenser is
optimally carried out for faciliating effective and cofficient rejection of heat from the

refrigeranti.

{0016]  Another advantage of the invention is to provide a multiple-effect evaporative
condenser, which elimmates the need to have many and extensive piping and components
between conventional cooling towers and condensers for conventional central air

conditioning systems.

{0611] Another advantage of the invention is 1o provide a multiple-effect evaporative
condenser which utilizes a plurality of highly efficient heat exchanging pipes providing a
relatively large area of heating exchanging surfaces for performing heat exchange

between cooling water and refrigerant.

{60121  Another advantage of the invention is to provide a multiple-effect evaporative
condenser which comprises 8 plurality of heat exchanging units adapted for performing
heat exchange between ambient air, cooing water and refigerant in a mult-staped
manner {1.¢. in temperature gradients), so as to resolve the inconsistent and unsatisfactory

heat exchange problems in conventional cooling towers mentioned above.
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[0013] Another advantage of the invention is to a provide a multiple-effect evaporative
condenser which is capable of increasing saturated air temperature at the awr outlet so as

to enhance the heat exchange performance of the multiple-effect evaporative condenser.

{0014} Another advantage of the invention is to provide a heat exchanger, which is
capable of efficiently facilitating heat exchange between refrigerant and water by using

highly efficient heat exchanging pipe.

{0151  Another advantage of the invention is to provide a highly efficient heat
exchanging pipe which comprises a pluralify of inner heat exchanging fins providing
relatively large contact surface area and a plurality of outer heat exchanging fins for
forming large heat exchanging surface area. More specifically, the highly efficient heat
exchanging pipe is capable of achieving critical heat flux density for a given material of

the highly efficient heat exchanging pipe.

{0016] Additional advantages and features of the invention will become apparent from
the description which follows, and may be realized by means of the instrumentalities and

combinations parficular point out in the appended claims.

{00171 According io the present invention, the foregoing end other objects and
advantages are attained by providing a multiple-effect evaporative condenser for cooling
a predetermined amount of refrigerant by a predetermined amount of cooling water,

comprising:

{0018] =2 pumping device adapted for pumping said cooling water at a predetermined

flow rate;

{0019}  a tower housing having an air inlet and an air outlet, wherein an air draft is

drawn between said apr inlet and said air outlet;

{0020} 2 Orst water collection basin mounted in said tower housing for collecting said

cooling water pumped from said pumping device,
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{0021] a first cooling unit comprising a plurality of heat exchanging pipes and a first
fill material unit provided undemeath said heat exchanging pipes, wherein said cooling
water collected in said first water collection basin is arranged to flow through extenor

surfaces of said heat exchanging pipes and said first fill material unit; and

[0022] a bottom water collection basin positioned underneath said first cooling unit for
collecting said coeling water flowing from said first cooling unit, wherein said cooling
water collected in said bottom water collection basin is arranged to be pumped back to
said first water collection basin by said pumping device, wherein said refrigerant flows
through said heat exchanging pipes of said first cooling unit in such a manner that said
refrigerant is arranged to perform highly efficient heat exchanging process with said
cooling water for lowering a temperature of said refrigerant, wherein said predeternuined
amopunt of air is drawn into said tower housing through said air inlet for performing heat
exchange with said cooling water flowing through said first fill material for lowering a
temperatre of said cooling water, wherein said air having absorbed said heat from said

cooling water is discharged out of said tower housing through said air outlet.

[0023] In accordance with another aspect of the invention, the present invention

provides a high officiency heat exchanging pipe, comprising:

{00241 a pipe body;

[0025] a plurality of inner heat exchanging fins, capable of having various shapes,
spacedly and protrudedly extended along an inner surface of the pipe body in a spiral
manner for enhancing heat exchange surface area of the corresponding heat exchanging
pipe, and for guiding a fluid flow on the inner surface of the comresponding heat exchange

pipe along the spiral path of the inner heat exchanging fins; and

{0026] = plurality of outer heat exchanging fins, capable of having various shapes,
spacedly and protrudedly extended along an outer surface of the pipe body for enhancing

heat exchange surface area of the corresponding heat exchanging pipe and for guiding a
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fluid flow on the outer surface of the corresponding heat exchange pipe along the ocater

heat exchanging fins.

[0027] In accordance with another aspect of the invention, the presemt invention

provides a heat exchanger, comprising:

{0028] a heat exchanger housing having a water inlet, a water outlet, a refrigerant inlet,

a refrigerant outlet, and a cover detachably provided on the heat exchanger housig,;

[0029]  an upper water chamber provided on an upper portion of the heat exchanger

housing, and 1s commurticated with the water outlet;

[0030] = lower water chamber provided on a lower portion of the heat exchanger

housing, and is communicated with the water inlet; and

[0031] at least one heat exchanging pipe extended between the upper water chamber
and the lower water chamber, wherein water having a relatively low temperature s
arranged to enter the heat exchanger through the water inlet and temporarily store in the
lower water chamber, wherein the water is pumped up the heat exchanger housmng
through the heat exchanging pipes and temporarily stored in the upper water chamber,
and leaves the heat exchanger through the water ontlet, wherein the heat exchanging pipe
comprises a pipe body, a plurality of inner heat exchanging fins inwardly extended from
the pipe body, and a plurality of outer heat exchanging fins outwardly extended from the

pipe body,

{0032} wherein the refrigerant 1s guided to enter the heat exchanger through the
refrigerant inlet and fows through an exterior of outer heat exchanging fins of the heat
exchanging pipes for performing heat exchange with the water flowing through the
corresponding inner heat exchanging fins of the heat exchanging pipes, wherein heat is
absorbed by the refrigerant which becomes evaporated, wherein vapor of the refrigerant

is then guided fo leave the heat exchanger through the refrigerant ountlet,
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{0033] Stll further objects and advantages will become apparent from a consideration

of the ensuing description and drawings.

{0034] These and other objectives, features, and advantages of the present invention
will become apparent from the following detailed description, the accompanying

drawings, and the appended claims.

Brief Description of the Drawings

{0035] Fig. 1 is a schematic diagram of a conventional cooling tower and a

conventional condenser of a central air conditioning system.

{0036} Fig. 2 15 a schematic diagram of a cooling tower of the conventional air

conditioning systen.

{0037} Fig 3 is a perspective view of a multiple-offect evaporative condenser

according to a preferred ensbodiment of the present invention.

[0038] Fig. 4 is a schematic diagram of the multiple-effect evaporative condenser

according to the above preferred embodiment of the present invention.

{00391 Fig. 5 is a schematic diagram of the multiple-effect evaporative condensor
according to the above preferred embodiment of the present invention, tllustrating the

flow path of the refrigerant.

{0040} Fig. 6 is a schematic diagram of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present invention, illustrating one of

the cooling units and the heat exchanging pipes.
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[0041] Fig. 7 is another schematic diagram of the multiple-effect evaporative
condenser according to the above preforred embodiment of the preseat invention,

itlustrating that the first water collection basin 1s equipped with a basin partitionming plate.

{0042} Fig 8 is a first alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present invention, illustrating that

the multiple-effect evaporative condenser is part of # central air conditioning system.

[0043] Fig. ¢ is a first alternative mode of the multiple-effect evaporative condenser
according to the sbove preferred embodiment of the present invention, illustrating a

sectional side view of the multiple-effect evaporative condenser shown in Fig. 8.

[0044] Fig. 10 is a first alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present invention, {llustrating that

the multiple-effect evaporative condenser has first throngh third cooling unit.

[0045] Fig. 11 s a zoom-in diagram of the multiple-effect evaporative condenser
according to the first altemative mode of the above preferred embodiment of the present

fmvention.

[0046] Fig. 12 15 a side view of the multiple-cifect evaporative condenser according to
the first alfernative mode of the above preferred embodiment of the present mvention,

iHustrating the side view of the heat exchanging pipes shown in Fig. 10 and Fig. 11.

[0047] Fig. 13 is a plan sectional view of the multiple-effect evaporalive condenser
according to the first alternative mode of the above preferred embodiment of the present
wvertion, dlusirating the heat exchanging pipes as shown from the top of the multiple-

effect evaporative condenser depicted in Fig. 10 and Fig. 11 along the plane 13-13.

[0048] Fig. 14 is a first aliemative mode of the multiple-effect evaporative condenser
according to the above preferred smbodiment of the present invention, Hustrating that

the multiple-cffect evaporative condenser has only one cooling unit.
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[0049] Fig. 15A to Fig. 15C are schematic diagrams of a second allernative mode of
the multiple-effect evaporative condenser according to the above preferred embodiment

of the present invention.

{0050} Fig. 16 1s a third altemnative mode of the multiple-effect evaporative condenser

according to the above preferred embodiment of the present invention.

[0051] Fig 17A to Fig 17C are schematic diagrams of a third alternative mode of the
multiple-effect evaporative condenser according to the above preferred embodiment of
the present invention, illustrating the heat exchanging pipes and the flow of the

refrigerant.

[0052] Fig. 18A to Fig. 18C are schematic diagrams of a third alternative mode of the
multiple-effect evaporative condenser according to the above preferred embodiment of

the present invention.

{0053} Fig. 191s s fourth alternative mode of the multiple-effect evaporative condenser

according to the above preferred embodiment of the present invention.

[0054] Fig 20 13 a fourth alternative mode of the multiple-effect evaporative condenser
according to the above preferred cmbodiment of the present invention, tllusirating the

flow path of the refrigerant in the first cooling unit.

[0055] Fig. 21 is a fourth alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present invention, illustrating the

flow path of the refrigerant the second cooling unit.

[0056] Fig. 22 1s a fifth altemative mode of the multiple-effect evaporative condenser

according to the above preferred embodiment of the present invention,

16
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{0057] Fig 23 is a fifth alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present mnvention, illustrating the

flow path of the refrigerant in the first cooling unit.

{0038} Fig. 24 is a fifth alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present invention, iHustrating the

flow path of the refrigerant in the second cooling unit.

{0059 Fig 25 is a fifth alternative mode of the multiple-effect evaporative condenser
according to the above preferred embodiment of the present inveation, illusirating the
flow path of the refrigerant in the third cooling unit.

{0060} Fig. 26A to Fig. 26C are schematic diagrams of a sixth alternative mode of the
multiple-effect evaporative condenser according to the above preferred embodiment of

the present invention.

[0061] Fig 27 is a plan view of the multiple-effect evaporative condenser according to

the sixth alternative mode of the above preferred embodiment of the present invention.

{0062] Fig. 28A to Fig. 28C schematic diagrams of the multiple-effect evaporative
condenser according to the sixth alternative mode of the above preferred embodiment of

the present invention, iHustrating the flow path of the refrigerant.

[8663] Fig. 29 is a perspective view of a heat exchanging pipe according to the above

preferred embodiment of the present invention.

{0064} TFig. 30 s a side view of the heat exchanging pipe according to the above

preferred embodiment of the present invention.
{0065] Fig. 31 is a sectional sude view of the heat exchanging pipe according to the

above preferred embodiment of the present invention, illustrating the sectional side view

alone plane 2-2 of Fig. 30.

i1
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[0066] Fig. 32 is a sectional top view of the heat exchanging pipe according to the
above preferred embodiment of the present invention, illustrating the sectional side view

atone plane 3-3 of Fig. 30,

{0067] Fig. 33 is a sectional top view of the heat exchanging pipe according to the
above prefered embodiment of the present invention, illustrating the inner heat

exchanging fins and the outer heat exchanging fins have "I" cross sectional shape.

[0068] Fig. 34A to 341 illustrate the different cross sectional shapes of the heat

exchanging fins according to the above preferred embodiment of the present invention.

[0069] Fig 35A and Fig. 35B are schematic diagrams of the heat exchanging pipe
according to the above preferred embodiment of the present invention, illustrating that

the heat exchanging pipe can be used in conjunction with an outer protective pipe,

{00701 Fig. 36 is a schematic diagram of the first alternative mode of the heat
exchanging pipe according to the above preferred embodiment of the present invention,

iltustrating that the heat exchanging pipe is embedded by the outer protective pipe.

{0071] g, 37 is a perspective view of an alternative mode of the heat exchanging pipe

according 1o the above preferred embodiment of the present invention.

[8072] Fig. 38 is a sectional front view of the alternative mode of the heat exchanging

pipe according to the above preferred embodiment of the present invention,

{60731 Fig. 39 is a side view of the alternative mode of the heat exchanging pipe

according to the above preferred embodiment of the present invention.

[0074] Fig. 40 is a side view of the alternative mode of the heat exchanging pipe
according to the above preferred embodiment of the present invention, illustrating that

the outer heat exchanging fin has a cironlar cross section,
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{0075] Fig. 41 is a side view of a heat exchanger according to the above preferred

embodiment of the present invention.

[0076] Fip. 42 is a sectional side view of a heat exchanger according to the above
preferred embodiment of the present invention, wherein the sectional side view is made

alone plane 10-10 of Fig. 41.

f0077]  Fig. 43 is a sectional plan view of the heat exchanger according to the above
prefesred embodiment of the present invention, wherein the sectional side view 15 made

alone plane 11-11 of Fig. 42,

{0078] Fig. 44 is a partial schematic diagram the heat exchanger according to the above

preferred embodiment of the present invention.

{0079]  Fig. 45 is a first alternative mode of the heat exchanger according to the above

preferred embodiment of the present invention,

[0080] Fig. 46 is a sectional side view of the first alternative mode of the heat

exchanger according (o the above preferred embodiment of the present invention.

{0081} Fig 47 is a second alternative mode of the heat exchanger according to the

above preferred embodiment of the present invention.

[0082] TFig. 48 is a sectional side view of the second alternative mode of the heat

exchanger according to the above preferred emabodiment of the present invention.

[0083]  Fig. 49 is a sectional side view (along plane 17-17 of Fig. 47) of the second
alternative mode of the heat exchanger according to the above preferred embodiment of

the present invention,
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{0084} Fig. 50 is a sectional side view {(along plane 18-18 of Fig. 49} of the second
alternative mode of the heat exchanger according to the above preferred embodiment of

the present invention.

{0083]  Fig. 51 i3 a third alternative mode of the heat exchanger according to the above

preferred enbodiment of the present invenfion.

{0086] Fig. 52 is a sectional side view (along plane 20-20 of Fig. 51} of the third
alternative mode of the heat exchanger according to the above preferred embodiment of

{0087] Fig. 53 is a partial zoom-in schematic diagram of the third alternative mode of
the heat exchanger according to the above preferred embodiment of the present invention,

ilustrating the upper portion of the heat exchanger housing.

[0088] Fig. 54 is a sectional plan view of the third alternative mode of the heat

exchanger according to the above preferred embodiment of the present invention,

[00B9] Fig. SSA to Fig. 55F are schematic diagrams of an addiional cooling device

according to the above preferred embodiment of the present invention.

[0090]  Fig. 56 15 schematic diagram of two of the heat exchangers according to the
above preferred embodiment of the present invention, iHustrating that the two heat

exchangers are connected 1 a side-by-side manner,
[0091] Fig. $7 is schematic diagram of two of the heat exchangers according to the

shove preferred embodiment of the present invention, illustrating that the two heat

exchangers are connected in 8 series manner.

14
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Detailed Description of the Preferred Embodiment

[0092] Referring to Referring to Fig. 3 to Fig 6 of the drawings, a multiple-effect
evaporative condenser 100 for am air conditioning system according to a preferred
embodiment of the present invention is illustrated. The air conditioning system is for
cooling a predetermined space, such as a particular space within a building, by using a
predetermined amount of cooling water 1 and refrigerant 3 {as shown in Fig. 8). The
components of the air conditioning system will be discussed one by one below. However,
it 15 worth noting that some of the componenis are by themselves patentably distinctive

and may be used in applications other than air conditioning systems.

[0093] The maultiple-effect evaporative condenser 100 comprises a pumping device 10
adapted for pumping the cooling water 1 af a predetermined flow rate, a tower housing
200 having an air inlet 201 and an air outlet 202, wherein an air draft is drawn between

the alr inlet 201 and the air outlet 202,

16094}  The multiple-effect evaporative condenser 100 further comprises a first water
collection basin 21 mounted i the tower housing 200 for collecting the cooling water |

pumped from the pumping device 10.

{00951 The multiple-effect evaporative condenser 100 further comprises a first cooling
unit 24 comprising a plarahity of heat exchanging pipes 241-244 and a first fill material
unit 243 provided underncath the heat exchanging pipes 241-244, wherein the cooling
water | collected in the first water collection basin 21 is arranged to flow through exterior
surfaces of the heat exchanging pipes 241-244 and then through the first fill material unit
245,

{0096] The multiple-effect evaporative condenser 100 further comprises a second water
collection basin 22 positioned undemeath the first cooling unit 24 for collecting the
cooling water 1 flowing from the first cooling unit 24, wherein the cooling water 1
collected in the second water collection basin 22 15 arranged to be pumped back to the

first water collection basin 21 by the pumping device 10, whersin the refrigerant 3 flows
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through the heat exchanging pipes 241-244 of the fust cooling unit 24 i such a manner
that the refrigerant 3 is arranged to flow through at least one heat exchanging route for
perform highly efficient heat exchanging process with the cooling water 1 for lowering a
temperature of the refogeramt 3, wherein the predefermined amount of air is drawn iato
the tower housing 200 through the air inlet 201 for performing heat exchange with the
conling water 1 flowing through the first fill material anit 245 for lowering a temperature
of the cooling water 1, wherein the air having absorbed the heat from the cooling water 1

ts discharged out of the tower housing 200 throngh the air cutlet 202,

[6097]  According to the preferred embodiment of the present invention, the multiple-
effect evaporative condenser 100 further comprises a second cooling unit 25 provided
undemeath the second water collection basin 22 for allowing the cooling water to
undergo a second cycle of heating by the refrigerant and cooling by flowing through a

second £ material wmit 255,

[0098] The sccond water collection basin 22 15 arranged for collecting the cooling
water 1 flowing from the first cooling unit 24. The second cooling unit 25 comprises a
plurality of heat exchanging pipes 251-254, and a predetermined amount of second fill
material unit 255, wherein the cooling water 1 collected in the second water collection
basin 22 1s arranged o flow through exterior surfaces of the heat exchanging pipes 251-

254 of the second cooling unit 25 and the second fill material unit 253,

{0099] The refnigerant 3 iz awmanged to follow at least one heat exchanging route
formed by the heat exchanging pipes 241-244 of the first cooling unit 24 and the second

cooling unit 25,

{60100} In this preferred embodiment, the multiple-effect evaporative condenser 100
further comprises a third water collection basin 23 positioned underneath the second
cooling unit 25 for collecting the cooling water 1 flowing from the second cooling unit
25, wherein the cooling water 1 collected in the third water collection basin 23 is
arranged to be pumped back to the first water collection basin 21 by the pumping device

10, wherein the refrigerant 3 flows through the heat exchanging pipes 241-244 in such a
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manner and flow sequent that the refrigerant 3 is arranged to perform heat exchange with
the coohng water 1 flowing through the multiple-effect evaporative condenser 100 for
lowering a temperature of the refrigerant 3, wherein the predetermined amount of air is
sucked into the tower housing 200 through the air inlet 201 for performing heat exchange
with the cooling water 1 flowing through the first cooling unit 24 and the second cooling
unit 2S5 for lowering a temperature of the cooling water 1, wherein the air having
absorbed the heat from the cooling water 1 is discharged out of the multiple-effect

evaporative condenser 100 through the air oatlet 202,

[00101] It is important to mention at this stage that the multiple-effoct evaporative
condenser 100 is “multiple-laver” and “multiple-effective” in the sense that when the
cooling water 1 is undergoing nwultiple heat exchange processes between the cooling
water and the refrigerant. Every time the cooling water 1 passes through the cooling unit
24 (25}, it 1s heated up by the refnigerant and subsequently cooled down by flowing
through the corresponding fill material wuit 245 (2335). Thus, take Fig. 4 as an example,
the cooling water 1 is arranged to pass through the fivst cooling unit 24 to undergo a heat
exchange process between the cooling water | and the refrigerant for once (the cooling
water 1 is heated up by the refrigerant and then cooled down by flowing through the first
fill material unit 245), and then to flow © the second cooling unit 25 for undergoing
another heat exchange process between the cooling water 1 and the refrigerant (the
coohing water 1 is heated up by the refrigerant and then cooled down by flowing through
the second fill material anit 2533 once again). In other words, one unit of cooling water 1

will be utilized for at least one time for each cycle of heating and cooling processing.

{00162} After the cooling water 1 has passed through the first cooling unit 24 and the
second cooling unit 25, the pumping device 10 is provided in the tower housing 200 and
is arranged pump the cooling water 1 from the third water collection basin 23 up to the
first water collection basin 21. In this preferred embodiment, a vertical distance {i.e.
height) between the first water collection basin 21 and the third water collection basin 23
1s embodied as generally not more than 4.5m. Only when the multiple-effect evaporative

condenser comprises three cooling units that the oversll height of it exceeds 4.5m.
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[00183] There exists a plurality of heat exchanging pipes 241-244 extending between the
first cooling unit 24 and the second cooling unit 25. The exact number of heat
exchanging pipes 241-244, 251-255 and the manner in which the refrigerant 3 circulates
is determined by the application circumstances of the present invention and the number

of cooling units in the multiple-cffect evaporative condenser 100.

j00104] The frst water collection basin 21 has a first bottom tank panel 211, a first side
tank panel 212, a plurality of through first passage holes 213 formed on the bottom tank
panel 211, wherein the cooling water 1 is arranged to be pumped into the first water
cotlection basin 21 by the pumping device 10 and reaches the first cooling unit 24
through the first passage holes 213. More specifically, the first cooling unit 24 further
comprises a first supporting tray 246 having a first tray partition member 2463 upwardly
extended from a bottom surface thereof for dividing the first supporting tray 246 into a
first tray section 2461 and a second tray section 2462, According to the present preferred
entbodiment, it 1s embodied to have two of the first heat exchanging pipes 241, 242 (i.e.
the first the first heat exchanging pipe 241 and the second heat exchanging pipe 242)
spacedly supported in the first tray section 2461 and another two of the heat exchanging
pipes 243, 244 {i.e. the third heat exchanging pipe 243 and the fourth heat exchanging
pipe 244) spacedly supported in the second tray section 2462,

{00185} Furthermore, the first water collection basin 21 further has a plurality of first
dividers 214 spacedly and downwardly extended from the bottom tank panel 211 to
define a plurality of first trapping cavities 215 between each two corresponding adjacent
first dividers 214, wherein each of the first through fourth heat exchanging pipes 241,
242, 243, 244 are supported within each of the first trapping cavities 215 respectively so
that when the cooling water 1 falls into the first trapping cavities 215 through the
corresponding first passage hole 213, the cooling water 1 is guided to substantially embed
the corresponding heat exchanging pipes 240 for ensuring efficient and effective heat

exchange between the heat exchanging pipes 240 and the cooling water 1.
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[00106] The first supporting tray 246 further has a plarality of first through passing
holes 2467 formed thercon wherein the cooling water 1 collected at the first supporting

tray 246 is allowed to flow into the first il material umt 245,

{00107] The first fill material unit 245 comprises a first fill material pack 2451 and a
second fill material pack 2452 spacedly supported in the tower housing 200, wherein the
cooling water 1 coming from the first tray section 2461 is arranged to drop mto the first
fill material pack 2451, while the cooling water 1 coming from the second tray section
2462 is arranged to drop into the second fill material pack 2452, As mentioned below,
since the temperature of the refrigerant 3 flowing through the first heat exchanging pipe
241 and the second heat exchanging pipe 242 is different from that of the refrigerant 3
flowing through the third heat exchanging pipe 243 and the fourth heat exchanging pipe
244, the tempersture of the cooling water 1 entering the first fill material pack 2451 and
the temperature of the cooling water 1 entering the second fill material pack 2452 are also
different. This has a substantial difference in heat exchange performance in the first fill

material pack 2451 and the second fill material pack 2452,

{00108} On the other hand, the sccond water collection basin 22 has a second bottom
tank panel 221, a second side tank panel 222, g plurality of second passage holes 223
formed on the second bottom tank panel 221, wherein the cooling water 1 dripping from
the first fill material umt 245 1s arranged o be collected at the sccond water collection

basin 22 and reaches the second coohing umit 25 through the second passage holes 223,

[00109] Referring to Fig. 4 andd Fig. 6 of the drawings, the second water collection basin
22 further comprises a separation member 226 upwardly extended from the second
bottom tank panel 221 to separate the second water collection basin 22 into a first
colection chamber 227 and 2 second collection chamber 228, wherein the cooling water
1 coming from the first fill material pack 2451 is collected at the first collection chamber
227, while the cooling water | coming from the second fill material pack 2452 is

collected at the second collection chamber 228.
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{00110] A shown in Figs. 4 and 6, the second cooling unit 25 further comprises a second
supporting tray 236 having a second tray partition member 2563 upwardly extended from
a bottom surface thereof for dividing the second supporting tray 256 into a third tray
section 2561 and a fourth tray section 2562, wherein two of the heat exchanging pipes
251, 252 (1. the fifth heat exchanging pipes 251 and the sixth heat exchanging pipe 252)

are spacedly supported i the third tray seetion 2561 and two of the heat exchanging

pipe 234} are spacedly supported in the fourth tray section 2562,

{00111} Furthermore, the second water collection basm 22 further has a plurality of
second dividers 224 spacedly and downwardly extended from the second bottom tank
panel 221 to define a corresponding number of second trapping cavities 225 between
each two corresponding second dividers 224, According to the present preferred
embodiment, there are four heat exchanging pipes 251, 252, 253, 254 supported within
the four second trapping cavities 225 respectively so that when the cooling water 1 falls
into the second trapping cavities 225 through the corresponding second passage holes
223, the cooling water 1 is guided to substantially embed the corresponding fifth through
cighth heat exchanging pipes 251, 252, 253, 254 for ensuring efficient and effective heat
exchange between the fifth through eighth heat exchanging pipes 251, 252, 253, 254 and

the cooling water 1.

{60112} The second supporting tray 256 further has a plurality of second through
passing holes 2567 formed therein wherein the cooling water 1 collected at the second

supporting tray 256 is allowed to flow into the second fill material unit 255,

{00113} The second fill matertal wt 255 comprises a third fill material pack 2551 and a
fourth {ill material pack 2552 spacedly supported n the tower housing 200, wherein the
cooling water 1 coming from the first tray section 2561 iIs arranged to drop into the third
it material pack 2581, while the cooling water I coming from the second lower tray
section 2562 is arranged to drop into the fourth fill material pack 2552, Again, since the
temperature of the refrigerant 3 flowing through the fifth heat exchanging pipe 251 and

the sixth heat exchanging pipe 252 is different rom that of the refrigerant 3 flowing
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through the seventh heat exchanging pipe 253 and the eighth heat exchanging pipe 254,
the temperature of the cooling water 1 entering the third fill material pack 2551 and the
temperature of the cooling water 1 entering the fourth fill material pack 2552 are also
different. Finally, the cooling water 1 is collected at the third water collection basin 27
and 15 pumped back fo the first water collection basin 21 for another cycle of heat

exchange.

[00114] Note that the air is arranged to pass through the first fill material unit 243 and
the second il material vnit 253 for transferring the heat from the cooling water 1 through
conductive heat transfer. Thus, the cooling water 1 absorbs heat from the refrigerant 3,
while the heat absorbed is then carried away by the air flowing through the multiple-

gffect gvaporative condenser 106,

[O0115] Tt is worth mentioning that one of the objects of the present invention is to
enhance a heat transfer performance of the multiple-cffect evaporative condenser 100 and
to save energy, and one of the methods to achieve this is to increase the satureted air
temperature at the air outlet 202, However, this cannot be accompared by conventional
evaporative condenser 100 because of the problems mentioned in the “Background™
section above. However, one skilled in the art would appreciate that the multi-effect
gvaporative condenser 100 is capable of accomplishing mults heat exchange procedures
hetween the cooling water 1, the refrigerant 3, and the heat exchanging pipes 241-244

and 351-254.

[00116] More specifically, according to the present preferred embodiment, the cooling
water 1 has performed two heat exchange cycles when going through from the first water
collection basin 21 to the third water collection basin 23, The cooling water 1 perform
heat exchange with the refrigerant 3 first {thereby increasing its temperature) and then
with the incoming air every time it passes through the relevant cooling umit 24 (25)
(thereby decreasing its temperature). At the same time, the refrigerant 3 performs heat
exchange with the cooling water 1 through the corresponding heat exchanging pipes 241-
244 and 251-254 and heat is extracied to the cooling water 1 which is then cooled by the

arr flowing between the air inlet 201 and the air outlet 202,
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[00117] Referring to Fig. 3 to Fig. 6 of the drawings, the refrigerant 3 entering the
multiple-effect evaporative condenser 100 is first guided to flow through the third heat
exchanging pipe 243, the fourth heat exchanging pipe 244, the seventh heat exchanging
pipe 253 and the cighth heat exchanging pipe 254. After passing through these heat
exchanging pipes 243, 244, 253, 254, the refrigerant 3 is cooled down by a first
temperature gradient.  The refrigerant 3 s then gwided to flow through the first heat
exchanging pipe 241 and the sccond heat exchanging pipe 242, and is further cooled
down by a second temperature gradiemt. The refrigerant 3 is then guided to flow through
the fifth heat exchanging pipe 251 and the sixth heat exchanging pipe 232, and thus is

further cooled down by a third temperature gradient.

{00118} Referring to Fig. 7 of the drawings, a first alternative mode of the multiple-
effect evaporative condenser 100 of the present invention is iHustraied, in which the
multiple-effect evaporative condenser 100 further comprises a second pumping device
10A, and a plurality of basin partitioning plates 27 provided on the first water collection
basin 21 and the third water collection basin 23, The basin partitioning plate 27 provided
on the first water collection basin 21 divides the first water collection basin 21 into a first
water collection compartment 216 and a second water collection compartment 217.
Sunilarly, the basin partittioning plate 27 provided on the first water collection basin 23
divides the third water collection basin 23 into a third water collection compartment 231
and a fourth water collection compartment 232. The cooling water 1 coming from the
third fill material pack 2551 and the fourth fill matenial pack 2552 are separately
collected at the third water collection compartment 231 and the fourth water collection
compartment 232 and are separately pumped (by the pumping devices 10) to the first
water collection compartment 216 and the second water collection compartment 217 of

the first water collection basin 21 respectively.

[00119] The purpose of the basin partitioning plates 27 is to prevent substantial heat
transfer of the coohng water 1 in the first water collection basin 21 and the third water
collection basin 23 so as to minimize interference of heat exchange performance at each

side of the multiple-effect evaporative condenser 100,
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{00120} Referring to Fig. 8 of the drawings, a central air conditioning system is
iltusirated, in which the central air conditioning system comprises a first alternative mode
of the multiple-effect evaporative condenser 100 described above. Fig. 8 illustrates that
the multiple-effect evaporator condenser 1007 in its first alternative mode {or in is
preferred embodiment as described above) may be used in the central air conditioning
system. Thus, the central air condittoning system as shown in Fig. § comprises a plurahty
of compressors 40, a plurality of heat exchangers 30 connected to the compressors 40
through a plurality of expansion valves 50 respectively, and a plurality of the multiple-
effect evaporative condensers 100" connected to the compressors 40 so that refrigerant 3
is guided and pumped to flow through the heat exchanging pipes 241-244 and 251-254.
The two multiple-effect evaporative condensers 1007 are served by one single water

pump 107,

{00121} Moreover, the refrigerant 3 1s circulated between the multiple-effect evaporative
condensers 1007 and the heat exchanger 30 through a plurality of expansion valves 50.
The refnigerant 3 in s vaporous siate is compressed to enter the multiple-cffect
evaporative condensers 1007 for heat exchange with the cooling water 1. After heat
exchange with the cooling water 1, the refrigerant is converted into Hquid state and is
guided to leave the multiple-effect evaporative condensers 100" and enter the heat
exchanger 30. In the heat exchanger 30, the refrigerant 3 absorbs heal and bscomes
saturated vapor {i.e. vaporous state). The refrigerant 3 s then compressed to flow back to
the multiple-effect evaporative condensers 1007 for another cycle of heat exchange with

the cooling water 1.

{00122} Refernng to Fig. 9 of the drawings, which is a sectional view of the multiple-
effect cvaporative condensers 100° served by one pumping device 107 for pumping the
cooling water 1 civculating in the multiple-effect evaporative condensers 1007, For each
of the multiple-effect cvaporative condensers 1007, the pumping device 10 is
commumnicated between the third water collection basin 23 and the corresponding first

water collection basin 21°.
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{80123] For sach of the multiple-effect evaporative condensers 100°, the first water
collection basin 217 has a first bottom tank panel 2117, a first side tank panel 2127, a
plurality of through first passage holes 213° formed on the bottom tank panel 211°,
wherein the cooling water 1 is arranged to be pumped into the first water collection basin
21 and reach the first coohing unit 247 through the first passage holes 213°. The first
cooling unit 247 comprises a first supporting tray 2467 having a tray parfition member
2463 upwardly exiended from a bottom surface thereot for dividing the first supporling
tray 246" into a first tray section 24617 and a second tray section 24627, wherein two of
the heat exchanging pipes 2417, 242" {1e. the first heat exchanging pipe 241" and the
second heat exchanging pipe 242") are spacedly supported n the first tray section 2461’
and two of the heat exchanging pipes 2437, 244 {i.e. the third heat exchanging pipe 243°
and the fourth heat exchanging pipe 244%) are spacedly supported in the second tray

section 24627,

160124] The first fill material unit 2457 comprises a first i}l material pack 245317 and a
second fill material pack 24527 spacedly supported in the tower housing 2007, wherein
the cooling water 1 coming from the first tray section 24617 1s arranged to drop into the
first fill material pack 24517, while the cooling water 1 coming from the second tray

section 24627 is arranged o drop into the sccond fill material pack 24527,

[00125] On the other hand, the second water collection basin 22° has a second bottom
tank panel 2217, a second side tank panel 2227, a plurality of second passage holes 223
formed on the second bottom tank panel 221°, wherein the cooling water 1 dropping from
the first fill material unit 2457 is arranged to be collected at the second water collection

hasin 22’ and reaches the second cooling unit 257 through the second passage heoles 2237,

[00126] The second cooling umit 257 further comprises a second supporting tray 256°
having a second tray partition member 25637 upwardly extended from a bottom surface
thereof for dividing the second supporting tray 256 into a third tray section 2561 and a
fourth tray section 2562°, wherein two of the heat exchanging pipes 2517252 (i.c. the
fifth heat exchanging pipe 2517 and the sixth heat exchanging pipe 252°) are spacedly

supported n the third tray section 23617 and two of the heat exchanging pipes 2537, 254°
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{i.e. the seventh heat exchanging pipe 253" and the eighth heat exchanging pipe 2347) are

spacedly supported in the fourth tray section 2562°.

{00127} The sccond fill material unit 235° comprises a third fill material pack 2551" and
a fourth fill material pack 25527 spacedly supported in the tower housing 200°, wherein
the cooling water 1 coming from the first tray section 2461 is arranged to drop into the
third fill material pack 25517, while the cooling water | coming from the second lower

tray section 25627 is arranged to drop into the fourth fill material pack 2552°.

{00128} In this alternative mode, the air is arranged to pass through the first fill material
unit 245" and the second fill material unit 255" and the first through eighth heat
exchanging pipes 2417, 242°, 2437, 244°, 2517, 2527, 253, 254" for wransferring the heat
from the cooling water 1 to the air flowing through the multiple effect evaporative

condenser 100,

{00129} Moreover, the first cooling unit 24° further comprises a plurality of first water
film distributors 247" provided with the first through founth heat exchanging pipes 2417,
242°, 243°, 244> respectively for guiding the cooling water 1 flowing through the first
through fourth heat exchanging pipes 2417, 242", 243", 244" in form of thin water film
therealong. The copling water 1 in the thin water film state is arranged to perform heat
exchange with the refrigerant 3 flowing through the first through fourth heat exchanging

pipes 2417, 2427, 2437, 244°,

[60130] The cooling water 1 is then collected at the first supporting tray 246" which
further has a plurality of through first passing holes 2467 formed thereon wherein the
cooling water 1 collected at the first supporting tray 246" is allowed to flow into the first
fill material unit 2457, Similarly, the second supporting tray 256° further has a plurality of
second lower passing holes 2567 formed therson wherein the cooling water 1 collected
at the second supporting tray 256° is allowed to flow into the second fill material unit
255,
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{00131] Moreover, the second cooling unit 257 further comprises a plarahty of second
water film distributors 257" provided with the fifth through eigﬁth heat exchanging pipes
2517, 25827, 2537, 2547 respectively for guiding the cooling water 1 flowing through the
fifth through cighth heat exchanging pipes 2517, 252°, 253°, 254" in thin water film
therealong. The cooling water 1 in the thin water film state is arranged to perform heat
exchange with the refrigerant 3 flowing through the fifth through eighth heat exchanging
pipes 2517, 2327, 2537, 254°.

[00132] Fig. 10 to Fig. 11 illustrate that cach of the multiple-effect evaporative
condensers 10Q° comprises an addition (L.e. third) cooling unit 26° which is provided
underneath the second cooling unit 25" and is structurally identival to the first cooling unit
24" and the second cooling unit 25" Thus, each of the multiple-effect evaporative
condensers 100’ comprises a fourth water collection basin 28’ provided underneath the
third cooling unit 26" for collecting the cooling water 1 coming from the third cooling

unit 26

{60133] The third cooling unit 26° comprises a third supporting tray 266" having a tray
parfition member 2663 upwardly extended from a bottom surface thercof for dividing
the third supporting tray 2667 into a fifth tray section 20617 and a sixth tray section
2662°, wherein two of the heat exchanging pipes 2617, 262° {(i.e. the ninth heat
exchanging pipe 2617 and the tenth heat exchanging pipe 2627) are spacedly supported in
the Gfth tray section 26617 and two of the heat exchanging pipes 263°, 264" (i.e. the
eleventh heat exchangimg pipe 2637 and the twellth heat exchanging pipe 2647) are

spacedly supported in the sixth tray section 26627,

{00134] The third cooling unit 26 further comprises a third fill material unit 265" which
comprises a fifth fill material pack 26531° and a sixth fill material pack 2652 spacedly
supported in the tower housing 2007, wherein the cooling water | coming from the fifth
tray section 2661 is arranged to drop into the fifth fill matenial pack 26317, while the
cooling water 1 coming from the sixth tray section 26627 is arranged to drop into the

sixth fill material pack 2652,
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{00135] Moreover, the third cooling unit 26’ further compnses a plurahity of third water
film distributors 267" provided with the ninth through twelfth heat exchanging pipes
2617, 2627, 2637, 264" respectively for guiding the cooling water 1 flowing through the
muth through twelfth heat exchanging pipes 2617, 2627, 263°, 264" m thin water film
thercalong. The cooling water 1 in the thin water film state is arranged to perform heat
exchange with the refrigerant 3 flowing through the ninth through twelfth heat

exchanging pipes 261°, 2627, 2637, 264",

[00136] On the other hand, the third water collection basin 23 has a third bottom tank
panel 2317, a second side tank panel 2327, a plurality of through third passage holes 233’
formed on the third bottom tank pane! 2317, wherein the cooling water 1 dropping from
the second fill material unit 2557 is arranged to be collected at the third water collection
basin 23" and reaches the third cooling unit 26” through the third passage holes 2337, The
cooling water 1 passing through the third cooling unit 26’ is arranged to be collected in
the fourth water collection basin 28" and is punyped back to the first water collection basin

1 for another cycle of heat exchange with the refrigerant 3,

{00137} As shown in Fig. 11 to Fig. 13 of the drawings, sach of the heat exchanging
pipes 240" (241°-244") is embodied to be manufactured to form a three-dimensional pipe
array extending in the multiple effect evaporative condenser 100, Thus, each of the heat
exchanging pipes 241°-244" comprises 8 first horizontal section 2401° honizontally
extending in the tower housing 200, a second honzontal section 2402' horizontally
extending in the tower housing 200" at a position underneath the first horizontal section
2401, and a plurality of vertical sections 2403 extended between the first horizontal
section 2401" and the second honzontal section 2402, wherein the refnigerant 3 is
arranged to flow from the second horivontal section 2402' {o the first horizontal section
2401 through the vertical sections 2403". The refrigerant 3 flowing through the second
horizontal section 2402' of one particular heat exchanging pipe 240" is then guided to

flow into the second horizontal section 2402' of an adjacent heat exchanging pipe 24¢.

{00138} As shown i Fig. 14 of the drawings, each of the multiple effect evaporative

condenser 100" comprises only the first cooling unit 24' so that the cooling water 1

3%
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coming from the first fill material unit 245 15 collected at the second water collection

basin 22" and is pumped back to the first water collection basim 21",

{00139] Refernng to Fig. 15A to Fig. 15C of the drawings, a second alternative mode of
the multiple-effect evaporative condenser 100" is lusirated. Fig. 15 illustrates that the
multiple-effect evaporator condenser 1007 in its second alternative mode and comprises a
first cooling unit 24" and a second cooling unit 25" The second altemative mode of the
multiple~effect evaporative condenser 100" is similar to the above alterative modes of the
preferred embodiment except the cooling units 24" (257). In thus second altemnative mode,
the first cooling unit 247 comprises three of the heat exchanging pipes 240" (3.e. the first

32y

through third heat exchanging pipes 2417, 2427, 2437} while the second cooling unit 257
comprises another three of the heat exchanging pipes 240" (i.e. the fourth through sixth

heat exchanging pipes 2517, 252", 2537},

j00140] The first through third heat exchanging pipes 2417, 2427, 243" are wnmersed
nto the first water collection basin 217 which is communicated with the pumping device
1™ so that cooling water 138 first pumped into the first water collection basin 217 for
performing heat exchange with the refnigerant 3 flowing through the first through third
heat exchanging pipes 2417, 2427, 2437, The cooling water 1 flowing through the first
through the first through third heat exchanging pipes 2417, 2427, 243" are arranged to
flow through the upper fill material unit 245" which comprises a first fill material pack

24317 for performing heat exchange with the air drawn from the air inlet 201,

00141} Furthermore, the fourth through sixth heat exchanging pipes 2517, 2527, 2537

L3

are immersed into the second water collection basin 227 so that cooling water 17 coming
from the first cooling unit 24” is arranged to perform heat exchange with the refrigerant 3

flowing through the fourth through sixth heat exchanging pipes 2517, 252", 253"

{00142} In this second alternabve mode of the maltiple effect evaporative condenser of
the present invention, the first cooling unit 247 further comprises a first supporting tray
246", and the first water collection basin 217 comprises a first tank body 211" defining a

first tank cavity 21117 for receiving the cooling waler 1, and a plurality of first water
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tubes 2127 spacedly formed in the first tank bc;dy 2117 to define a plurality of first water
channels 2121 within the first water tubgs 212" respectively. The first water tubes 2127
communicates the first tank cavity 2111 with the first fill material unit 245" through the
first supporting tray 246”7 so that cooling water 1 is capable of flowing from the first
water collection basin 217 to the first supporting tray 2467 through the first water

channels 21217

{00143] The cooling water 1 is then collected at the first supporting tray 2467 which
further has a plurality of through first passing holes 2467 formed thereon wherein the
cooling water 1 collected at the upper supporting tray 246" is allowed to flow into the
first fill material unit 2437 for performing heat exchange with the air drawn from the air

infet 201,

[o0144] It s worth mentioning that each of the first water tubes 2127 is mounted in the
first water collection basin 217 in such a manner that a top opening of the first water tube
2127 1s gher than the first through third heat exchanging pipes 2417, 2427, 243", From
simple physics, the cooling water 1 having higher temperature tends to go up i the first
water collection basin 217 while the cooling water 1 having relatively lower temperature
tends to go down in the first water collection basin 217, Thus, the cooling water | in the
first water collection basin 217 is arranged to absorb heat from the first through third heat
exchanging pipes 2417, 2427, 243", and afler heat absorption, the cooling water 1 goes up
in the first water collection basin 217 and flow into one of the first water tubes 2127,
Relatively cool cooling water 1 is retained in the lower portion of the first water
collection basin 217 for heat absorption unti the temperature increases to such an extent
that the cooling water 1 goes up in the first waler collection basin 217 and enters the first

water tubes 2127,

{60145] The second cooling unit 25 further comprises a second supporting tray 256",
and the second water collection basin 227 comprises a second tank body 2217 defining a
second tank cavity 22117 for receiving the cooling water 1 coming from the first cooling
unit 247, and a plurality of second water tubes 222" spacedly formed in the second fank

body 221" to define a plurality of second water channels 2221 within the second water
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tubes 2227 respectively. The second water tubes 2227 communicate the second tank
cavity 22117 with the second fill material pack 2551 of the lower fill material unit 2557
so that cooling water 1 is capable of flowing from the second water collection basin 227

to the second supporting tray 2567 through the second water channels 22217,

{00146} The cooling water 1 is then collected at the second supporting tray 2567 which
further has a plurality of through second passing holes 2567 formed thereon wherein the
cooling water 17 collected at the second supporting tray 2567 is allowed 1o flow info the
second fill material pack 25517 of the second fill material unit 2557 for performing heat

exchange with the air drawn from the air inlet 202,

{00147} As in the case of the first water collection basin 217, gach of the second water
tubes 222" is mounted in the second water collection basin 227 1y such a manner that a
top opening of the second water tube 2227 18 higher than the fourth through sixth heat
exchanging pipes 2517, 2527, 2537, The cooling water 1 in the second water collection
basin 227 is arranged to absorb heat from the fourth through sixth heat exchanging pipes
2517, 2527, 2537, and after heat absorption, the cooling water 1 goes up n the second
water collection basin 227 and flow into one of the second water tubes 2227, Relatively
cool cooling water 1 1s retained in the lower portion of the second water collection basin
22" for heat absorption until the temperature increases to such an extent that the cooling
water 17 goes up in the second water collection basin 227 and enters the second water
tubes 2227

{00148} The second supporting tray 2567 further has a plurality of through lower passing
holes 25677 formed thereon wherein the cooling water 1 collected at the second

supporting fray 2567 is allowed to flow into the second {ill material unit 2557,

[00149] The second water collection basin 227 further compnses a water guider 2297
inclinedly extended in the second tank cavity 22117 in such a manner that the cooling
water 1 coming from the first cooling unit 247 is guided to flow into the second waler
collection basin 227 through the water guider 229” for performing heat exchange with the

fourth through sixth heat exchanging pipes 2517, 2527, 2537,
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{00150} Referring to Fig. 16, Fig. 17A to Fig. 17C, Fig. 18A to Fig. 18C of the
drawings, a thivd alternative mode of the above preferred embodiment of the multiple-
effect evaporative condenser 100A of the present invention is ilusirated. Fig. 16
illustrates that the multiple-effect evaporator condenser 100A in its third alternative mode
and comprises a first cooling unit 244, & second cooling unit 25A and a third cooling unit
26A. The third alternative mode of the multiple-effect evaporative condenser 100A is
stmilar to the second alternative mode just described. In this third alternative mode, each
of the first cooling unit 24A, the second cooling unit 25A and the third cooling unit 20A

comprises five of the heat exchanging pipes 240A.

{00151} Moreover, the first cooling unit 24A further comprises a first refrigerant miet
pipe 248A connected o the heat exchanger 30, and a first refrigerant outlet pipe 2494,
wherein the corresponding heat exchanging pipes 240A are extended between the first
refrigerant inlet pipe 248A and the first refnigerant outiet pipe 249A. Sinudlarly, the
secomd cooling unit 25A further comprises a second refrigerant inlel pipe 258A
connected to the first refrigeramt outlel pipe 2494, and a second refnigerant outlet pipe
2594, wherein the corresponding heat exchanging pipes 240A are extended between the
second refrigerant inlet pipe 258A and the second refrigerant outlet pipe 239A.
Morcover, the third cooling umit 26A further comprises a third refrigerant inlet pipe 268A
conpected to the second refrigerant outlet pipe 2594, and a third refrigerant outlet pipe
269A connected to the heat exchanger 30, wherein the corresponding heat exchanging
pipes 240A are extended between the thivd refrigerant inlet pipe 268A and the third
refrigerant outlet pipe 239A. In other words, for each of the first cooling wt 24A
through the third cooling unit 264, the comresponding heat exchanging pipes 240A and
the corresponding refrigerant inlet 248A (258A) (268A) and the corresponding
refrigerant outlet pipe 249A (259A) {2694} form three array of pipes for transmitting the
refrigerant 3 which s arranged to perform heat exchange with the cooling water 1 passing

through the first cooling unit 244 to the third cooling umt 26A.

{00152] The refrigerant 3 entering the first refrigerant inlet pipe 248A 1s bifurcated fo
flow into the five heat exchanging pipes 240A in the first cooling unit 24A. The heat

K}
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exchanging pipes 240A are immersed into the first water collection basin 21A which is
communicated with the pumping device 10 so that cooling water 1 is first pumped into
the first water collection basin 21A for performing heat exchange with the refrigerant 3
flowing through the heat exchanging pipes 240A. The cooling water 1 flowing through
these heat exchanging pipes 240A are arranged to fow throvgh the first fil} material unit
2435 A which comprises a first fill material pack 2451 A for performing heat exchange with

the air drawn from the air inlet 201.

{001331 Note that the refrigerant 3 passing through the heat exchanging pipes 240A of
the first cooling unit 24A s collected 1o flow into the first refrigerant outlet pipe 2494,
which is connected to the second refrigerant inlet pipe 258A. The refrigerant 3 entering
the second refrigerant inlet pipe 258A is bifurcated to flow into the five heat exchanging

pipes 2404 0 the second cooling umit 234,

{00154] Furthermore, the heal exchanging pipes 240A in the second cooling unit 25A
are immersed into the second water collection basin 221 A so that cooling water 1 coming
from the first cooling unit 24A 1s arranged to perform heat exchange with the refrigerant
3 flowing through the heat exchanging pipes 240A of the second cooling umit 25A. The
refrigerant 3 passing through the heat exchanging pipes 240A of the second cooling unit
25A 15 collected to flow into the second refrigerant outlet pipe 2594, which is connected

to the third refrigerant inlet pipe 268A.

[00155] In this third alternative mode, the first cooling unit 24A further comprises a first
supporting tray 2464, and the first water collection basin 21 A comprises a first tank body
211A defining a first tank cavity 2111A for receiving the cooling water 1, and a phuality
of first water tubes 212A spacedly formed in the first tank body 211A to define a
plurality of first water channels 2121A within the first water tubes 212A respectively.
The first water tubes 212A communicate the first tank cavity 2111A with the first fill
material unit 245A so that cooling water 1 is capable of flowing from the first water
collection basin 21A to the first supporting tray 2464 through the first water channels
ZI1Z21A.
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[08156] The coeoling water 1 then passes through the first supporting fray 246A which
further has a plurality of through first passing holes 2467A formed thercon wherein the
cooling water 1 reaching the first supporting tray 246A is allowed to flow into the first
{ill material unit 245A for performing heat exchange with the air drawn from the air inlet

201.

108157} It is worth mentioning that each of the first water tubes 212A is mounted in the
first water collection basin 21A in such a manner that a top opening of the first water tube
2124 1s higher than the corresponding heat exchanging pipes 240A. From simple
physics, the cooling water 1 having higher temperature tends to go up in the first water
collection basin 21A while the cooling water 1 having relatively lower temperature tends
to go down ia the first water collection basin 214, Thus, the cooling water 1 in the first
water collection basin 21A 1s amranged o absorb heat from the heat exchanging pipes
2404, and after heat absorption, the cooling water 1 goes up in the first water collection
basin 21A and flow into one of the first water tubes 212A. Relatively cool cooling water
tis retamed in the lower portion of the first water collection basin 21A for heat
absorption until the temperature increases 1o such an extent that the cooling water 1 goes

up in the first water collection basm 21 A and enters the first water tubes 212A.

[00158] The second cooling unit 25A further comprises a second supporting tray 2564,
and the second water collection basin 22A comprises a second tank body 221 A defining a
second tank cavity 2211A for receiving the cooling water 1 coming from the first cooling
unit 24A, and a plurality of second water tubes 2224 spacedly formed in the sccond tank
body 221A to define a plurality of second water channels 2221 A withun the second water
tubes 222A respectively. The second water tubes 222A communicate the second tank
cavity 2211A with the second il matenal unil 255A which comprises a second fill
material pack 2551 A so that cooling water 1 is capable of flowing from the second water
collection basin 22A to the second supporting tray 256A through the second water

channels 2221 A,

[00159] The coohng water 1 is then collected at the second supporting tray 256A which

further has a plurality of through second passing holes 2567A formed thercon wherein

Lo
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the cooling water 1 collected at the second supporting tray 256A is allowed to flow into
the second fill material pack 2551A of the second fill material unit 255A for performing

heat exchange with the air drawn from the air inlet 202.

{00160] As in the case of the first water collection basin 21 A, each of the second water
tubes 222A is mounted in the second water collection basin 22A in such a manner that a
top opening of the second water tube 222A is higher than the corresponding heat
exchanging pipes 240A. The cooling water 1 in the second water collection basin 22A is
arranged to absorb heat from the heat exchanging pipes 240A, and after heat absorption,
the cooling water 1 goes up in the second water collection basin 22A and flow into one of
the second water tubes 222A. Relatively cool cocling water 1 is retained in the lowser
portion of the second water collection basin 22A for heat absorption until the temperature
increases 1o such an extent that the cooling water 1 goes up in the second water collection

basin 22A and enters the second water tubes 2224,

j00161] The second water collection basin 22A further comprises a first water guider
229A melinedly extended in the second tank cavity 2211A in such a manner that the
cooling water 1 comung from the first coohing umt 24A is gwded to flow into a lower
portion of the second water collection basin 22A through the {irst water guider 229A for
performing heat exchange with the heat exchanging pipes 240A. Note that the first water
guider 229A is mounted above second water tubes 222A so that the cooling water 1
conming from the first cooling unit 24A is not mixed with the cooling water 1 which has

absorbed heat from the heat exchanging pipes 240A.

{00162] As shown in Fig. 18A to Fig. 18C of the drawings, the first water guider 2294
has a first inclined portion 2291 A inclinedly extended from the top side edge portion of
the second water collection basin 22A to an opposite side portion of the second water
collection basin 22A for guiding the cooling water 1 coming from the first fill material
unit 245A to slide inclinedly on the first inclined portion 2291A, and a first guiding
portion 2292A downwardly and substantially vertically extended from the first inclined
portion 2291 A to the second tank cavity 2211A so that the cooling water 1 sliding on the

first mclined portion 2291 A and having a relatively cool temperature s guided to flow
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into a lower portion of the second tank cavity 2211 A and perform heat exchange with the

heat exchanging pipes 240A.

{80163} The third cooling unit 26A further comprises a third supporting tray 2004, and
the third water collection basin 23A compnses a third tank body 231A delining a third
tank cavity 2311A for receiving the cooling water 1 coming frons the second cooling unit
254, and a plurahity of third water tubes 232A spacedly formed in the third tank body
231A to define a plurality of third waler channels 2321 A within the third water tubes
232A respectively. The third water tubes 232A conumunicate the third tank cavity 2311A
with the third fili material unit 265A which comprises a third fill material pack 2651A so
that cooling water 1 is capable of flowing from the third water collection basin 23A to the

third supporting tray 266A through the third water channels 23214,

{00164] The cooling water 1 is then collected at the third supporting tray 266A which
further has a plurality of through third passing holes 2667A formed thereon wherein the
cooling water | collected at the third supporting tray 2664 1s allowed to flow into the
third fill material pack 2651A of the third fill material umit 265A for performing heat

exchange with the air drawn from the air inlet 202,

{00165} As n the case of the sccond water collection basin 224, each of the third water
tubes 232A 15 mounted in the third water collection basin 23A in such a manner that a top
opening of the third water tube 232A 13 higher than the corresponding heat exchanging
pipes 240A. The cooling water | 1n the third water collection basin 23A is arranged to
absorb heat from the heat exchanging pipes 2404, and after heat absorption, the cooling
water 1 goes up in the third water collection basin 23A and flow into one of the third
water tubes 232A. Relatively cool cooling water 1 is retained in the lower portion of the
third water collection basin 23A for heat absorption until the temperature increases to
such an extent that the cooling water 1 goes up in the third water collection basin 23A

and enters the third water tuhes 232A.

[00166] The third collection basin 23A further compnises a second water guider 230A

inchinedly extended in the third tank cavity 2311A in such a manner that the cooling
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water | coming from the second cooling unit 23A is guided to flow into a lower portion
of the third water collection basin 23A thwough the second water guider 230A for
performing heat exchange with the heat exchanging pipes 240A. Note that the second
water gaider 230A is mounted above third water tubes 232A so that the cooling water 1
coming from the sccond cooling unit 25A is not mixed with the cooling water 1 which

has absorbed heat from the heat exchanging pipes 240A.

{00167} The second water guider 23DA has a second inclined portion 2301A inclinedly
extended from the top side edge portion of the third water collection basin 23A to an
opposite side portion of the third water collection basin 23A for guiding the cooling water
1 coming from the second fill material umit 255A to slide inclinedly on the second
inclined portion 2301A, and a second guiding portion 2302A downwardly and
substantially vertically extended from the sccond inclined portion 2301A to the third tank
cavity 2311A so that the cooling water 1 sliding on the second inclined portion 2301A
and having a relatively cool temperature is guided to flow into a lower portion of the third

tank cavity 2311 A and perform heat exchange with the heat exchanging pipes 240A.

{80168] Refering to Fig. 19 to Fig. 20 of the drawings, a fourth alternative mode of the
mulliple effect evaporative condenser according to the preferred embodiment of the
present invention is illustrated. The fourth alternative mode is similar lo the above
described alternative modes. According to the fourth altemative mode, the multiple effect
gvaporative condenser 100B also comprises a tower housing 200 {as shown in Fig. 3)
having an air inlet 201 and an air outlet 202, a first water collection basin 21B, a first
cooling unit 24B, a second cooling unit 258, and a second water collection basin 22B

provided underncath the second cooling unit 258,

{00169] The first water collection basin 21B is mounted in the tower housing 200 (as
shown in Fig. 3) for collecting the cooling water I pumped from the pumping device 10,
On the other hand, the first cooling vnit 24B comprises a plurality of heat exchanging
pipes 2408 and a first fill material unit 2458, wherein the cooling water 1 collected 1n the
first water collection basin 218 1s arranged to flow through exterior surfaces of the heat

exchanging pipes 2408 and the first fill material onit 2458,
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[00170] On the other hand, the second cooling unit 25B comprises a plurality of heat
exchanging pipes 240B and a predetermined amount of second fill material umit 2538,
wherein the cooling water 1 passing through the first fill material unit 245B is arranged to
flow through exterior surfaces of the heat exchanging pipes of the second cooling unit

25B, and the second fill material unit 2558,

{0171} The second water collection basin 22B is positioned undermneath the second
cooling unit 258 for collecting the cooling water 1 flowing from the second cooling unit
25B, wherein the cooling water 1 collected in the second water collection basin 22B is
arranged to be pumped back to the first water collection basin 218 by the pumping
device 10, wherein the refrigerant 3 is arranged to flow through the heat exchanging
pipes of the first cooling unit 248 and the second cooling unit 258 in such a manner and
flow sequence that the refrigerant 3 is arranged to perform heat exchange with the
cooling water 1 flowing through the multiple effect evaporative condenser 100B for
lowering a temperature of the refrigerant 3, wherein the predetermined amount of air is
sucked into the tower housing 200 {as shown in Fig. 3) through the air inlet 2018 for
performing heat exchange with the cooling water 1 flowing through the first cooling unit
24B and the second cooling unit 25B for lowering a temperature of the cooling water 1,
wherein the air having absorbed the heat from the cooling water 1 is discharged out of the

multiple effect evaporative condenser 100B through the air outlet 202B.

[00172] The first water collection basin 21B has a first bottom tank panel 211B, a first
side tank panel 212B, a plurality of through first passage holes 213B formed on the
bottom tank panel 21 1B, wherein the cooling water 1 is arranged to be pumped into the
first water collection basin 21B and reach the first cooling unit 24B through the first

passage holes 213B.

[00173] As shown in Fig. 19 to Fig. 20 of the drawings, the heat exchanging pipes 240B
of the {irst cooling umt 24B and the second cooling umit 258 are spacedly extended in the
tower housing 200 {as shown in Fig. 3). Moreover, the first cooling onit 24B further
comprises a first refrigerant inlet pipe 248B connected to the heat exchanger 30 (as

shown in Fig. 8), and a first refrigerant outlet pipe 2498, wherein the corresponding heat
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exchanging pipes 2408 are extended between the first refrigerant mlet pipe 2488 and the
first refrigerant outlet pipe 249B. Similarly, the second cooling anit 25B further
comprises a second refrigerant inlet pipe 258A connsctad to the heat exchanger 30 (as
shown in Fig. R), and a second refrigerant outlet pipe 259A, wherein the corresponding
heat exchanging pipes 2408 are extended between the second refrigerant indet pipe 238B

and the second refrigerant outlet pipe 259B.

[00174] The refrigerant 3 leaving the compressor 40 {(as shown m Fig. 8) first enters the
first refrigerant inlet pipe 248A, which is connected to the heat exchanging pipes 240B
(i.e. the first through fifth heat exchanging pipes 2418, 242B, 2438, 2448, 2458 as
shown in Fig. 20) of the first cooling umit 24B. As shown in Fig. 20 of the drawings, the
refrigerant 3 is then guided to flow into the first heat exchanging pipe 241B and the
second heat exchanging pipe 242B and reaches the first refngerant outlet pipe 249B,
which collects the reftigerant 3 from the first heat exchanging pipe 2418 and the second

heat exchanging pipe 242B.

[00175} The refrigerant 3 is then guided to flow into the third heat exchange pipe 243B
and the fourth heat exchanging pipe 244B and reaches the first refrigerant inlet pipe
248B. The refnigerant 3 flowing through the third heat exchange pipe 243C and the fourth
heat exchanging pipe 2448 1s then collected at the first refrigerant inlet pipe 248B and
guided to flow into the fifth heat exchanging pipe 245B. The refrigerant 3 flowing
through the fifih heat exchanging pipe 245B is then collected at the first refrigerant outlet

pipe 2498, and the refrigerant is guided to flow out of the first cooling unit 24B.

[00176] It 1s worth mentioning that cach of the first refrigerant inlet pipe 2488 and the
first refrigerant outlet pipe 2498 comprises g blocking member 2481B, 2491B mounted

therein for guiding the refrigerant 3 sequentially flowing in the path described above.

{00177} In other words, the refrigerant 3 entering the first cooling onit 24B first enters
the first refrigerant inlet pipe 2488 and hits the blocking member 2481B provided
therein, The refrigerant 3 hitting the blocking member 2481B 15 guided to flow into the

first heat exchanging pipe 241B and the second heat exchanging pipe 2428 and reaches
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the first refrigerant outlet pipe 2498, The refrigerant 3 reaching the first refrigerant outlet
pipe 2498 is arranged o hit the blocking member 24918 provided therein and is guided
to flow into the third heat exchanging pipe 243B and the fourth heat exchanging pipe
2448 and reaches the first refrigerant inlet pipe 248A. The refrigerant 3 reaching the first
refrigerant inlet pipe 2484 is blocked by the blocking member 24818 and prevented
fromy going back to the first heat exchanging pipe 241B and the second heat exchanging
pipe 242B. The refrigerant 3 is then guided to flow into the fifth heat exchanging pipe
2438, The refrigerant 3 flowing through the fifth heat exchanging pipe 2458 is prevented
from flowing back inte the fourth heat exchanging pipe 244B and the third heat
exchanging pipe 2438 by the blocking member 2491B of the first refrigerant outlet pipe

2498,

{60178] Also referring to Fig. 19 to Fig. 20 of the drawings, the refrigerant 3 leaving the
first cooling unit 248 flows out of the multiple effect evaporative condenser 100B. On
the other hand, refrigerant 3 from the compressor 40 (as shown in Fig. 8) or other hike
component of the air conditioming sysiem is also guided to enter the second cooling anit
25B. The refrigerant 3 is guided to flow into the second refrigerant inlet pipe 258B, and
then is guided to flow into the sixth heat exchanging pipe 2518 and the seventh heat
exchanging pipe 232B and reaches the second refrigerant outlet pipe 2398, which
collects the refrigerant 3 from the sixth heat exchanging pipe 251B and the seventh heat

exchanging pipe 2528,

{06179] Moreover, the refrigerant 3 is then guided to flow into the eighth heat exchange
pipe 2538 and the ninth heat exchanging pipe 254B and reaches the second refrigerant
inet pipe 258B. The refrigerant 3 flowing through the eighth heat exchange pipe 253B
and the ninth heat exchanging pipe 254B is then collected at the second refrigerant inlet
pipe 2588 and guided to flow into the tenth heat exchanging pipe 255B. The refrigerant 3
flowing through the tenth heat exchanging pipe 235B is then collected at the second
refrigerant outlet pipe 259B, and the refrigerant is guided fo flow out of the second

cooling unit 258.
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[00188] It 1s worth mentioning that each of the second refrigerant inlet pipe 258B and
the second refrigerant outlet pipe 2598 comprises a blocking member 25818, 25918
mounted therein for guiding the refnigerant 3 sequentially flowing in the path described

ahove,

[60181] In other words, the refrigerant 3 entering the second cooling unit 25B first
enters the second refrigerant inlet pipe 258B and hits the blocking member 2581B
provided therein. The refrigerant 3 hitting the blocking member 2581B is guided to flow
into the sixth heat exchanging pipe 2518 and the seventh heat exchanging pipe 252B, and
reaches the second refrigerant outlet pipe 2598, The refrigerant 2 reaching the second
refrigerat outlet pipe 259B is arranged 1o it the blocking member 25918 provided
therein and is guided to flow into the eighth heat exchanging pipe 2338 and the ninth
heat exchanging pipe 254B and reaches the sseond refrigerant inlet pipe 238B. The
refrigerant 3 reaching the second refrigerant inlet pipe 258B is blocked by the blocking
member 25818 and prevented from going back to the sixth heat exchanging pipe 251B
and the seventh heat exchanging pipe 252B. The refngerant 3 is then guided to flow into
the tenth heat exchanging pipe 255B. The refrigerant 3 flowing through the tenth heat
exchanging pipe 255B 1s prevented from flowing back into the cighth heat exchanging
pipe 2538 and the nminth heat exchanging pipe 254B by the blocking member 2591B of

the second refrigerant outlet pipe 259B.

{00182] As shown in Fig. 22 to Fig. 23 of the drawings, a fifth alternative mode of the
multiple effect evaporative condenser according to the preferred embodiment of the
present invention s illustrated. The fifth alternative mode is similar to the above
described alternative modes. According to the fifth altemative mode, the multiple effect
evaporative condenser comprises a first cooling umit 24C, the second cooling unit 25C

and a third cooling unit 26C.

{00183] Moreover, the multiple-effect evaporative condenser 100C comprises three
pumping devices 10, a first water collection basin 21C, a second water collection basin
22C, and a plurality of basin partitioning plates 27C provided in the first water collection

basin 21C and the second water collection basin 22C respectively.
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[00184] The basin partitioning plates 27C spacedly provided in the first water collection
basin 21C divide the first water collection basin 21C into first through third water
collection compartments 216C, 217C, 218C. Similarly, the basin partitioming plates 27C
provided in the second water collection basin 22C divide the second water collection

basin 22C into fourth through sixth water collection compartiment 226C, 227C, 228C.

{00185} In this {ifth alternative mode, the first cooling unit 24C comprises a first fill
material unit 243C which comprises first through third fill material pack 2451C, 2452C,
2453C. The second cooling unit 25C comprises a second fill material unit 235C which
comprises fourth through sixth fill material pack 2331C, 2552C, 2553C. The third
cooling unit 26C comprises a third fill matenial unit 265C which comprises seventh
through ninth G material pack 2651C, 2652C, 2653C.

[00186] The cooling water 1 is first collected at the first water collection basin 21C,
which are partitioned info first through third water collection compartments 216C, 217C,
218C. The coohing water 1 collected in the first water collection compartment 216C is
arranged to flow through the first cooling unit 24C, the second cooling unit 23C, the third
coohing unit 26C and is finally collected tn the fourth waler collection compartment 226C
of the second water collection basin 22C. Similarly, the cooling water 1 collected in the
second water collection compartment 217C is arvanged to flow through the first cooling
unit 24C, the second cooling unit 25C, the third cooling unit 26C and is finally collected
in the fifth water collection compartment 227C of the second water collection basin 22C.
Moreover, the cooling water 1 collected in the third water collection compartment 218C
is arranged to flow through the first cooling unit 24C, the second cooling unit 25C, the
third cooling umt 26C and is finally collected in the sixth water collection compartment

228C of the second water collection basin 22C.

[00187] As shown in Fig. 22 of the drawings, each of the pumping devices 10 is
arranged to pump the cooling water 1 circulating between two corresponding water
collection compartments of the first water collection basin 21C and the second water

collection hasin 22C.
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{00188} The first cooling unit 24 comprises nine heat exchanging pipes 240C {ie. the
first through ninth heat exchanging pipe 2401C, 2402C, 2403C, 2404C, 2405C, 2406C,
2407C, 2408C, 2409C), wherein the cooling water 1 collected at the first water collection
compariment 216C 15 aranged to Sow through, sequentially, the first through third heat
exchanging pipe 2401C, 2402C, 2403, the first fill material pack 2451C, tenth through
twelfth heat exchanging pipe 2501C, 2502C, 2303C, the fourth fill material pack 2531C,
nineteenth through twenty first heat oxchanging pipe 2601C, 2602C, 2603C and the

fourth water collection compartment 226C.

J00189] Simularly, the cooling water 1 collected at the second water collection
compartment 217C is arranged to flow through, sequentially, the fourth through sixth
heat exchanging pipe 2404C, 2405C, 2406C, the second fill material pack 2432C,
thivteenth through fifteenth heat exchanging pipe 2504C, 2505C, 2506C, the fifth &l
material pack 2552C, twenty second through twenty fourth heat exchanging pipe 2604C,

2605C, 2606C and the fifth water collection compartment 227C.

{00190} Furthermore, the cooling water 1 collected at the third water collection
compartment 218C is arranged to flow through, sequentially, the seventh through ninth
heat exchanging pipe 2407C, 2408C, 2409C, the third All material pack 2433C, sixteenth
through eighteenth heat exchanging pipe 2507C, 2508C, 2509C, the sixth fill material
pack 2553C, twenty fifth through twenty seventh heat exchanging pipe 2607C, 2608C,

2609C and the sixth water collection compartment 228C.,

[60191} As shown m Fig 23 of the drawings, the first cooling unit 24C further
comprises a first refrigerant inlet pipe 248C connected to the heat exchanger 30 (as
shown in Fig. 8), and a first refngerant outlet pipe 249C, wherein the corresponding heat
exchanging pipes (first through ninth heat exchanging pipes 2401C, 2402C, 2403C,
2404C, 2405C, 2406C, 2407C, 2408C, 2409C) are extended between the first refrigerand
inlet pipe 248C and the first refrigerant outlet pipe 249C.

{00192} Similarly, as shown in Fig. 24 of the drawings, the second cooling umit 25C

further comprises a second refrigerant inlet pipe 2580 connected to the heat exchanger
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30, and a second refrigerant outlet pipe 259C, wherein the corresponding heat exchanging
pipes {tenth heat through eighteenth heat exchanging pipe 25301C, 2502C, 2503C, 2504C,
2505C, 25006C, 2507C, 2508C, 2509C) are extended between the second refrigerant inlet
pipe 258C and the sceond refrigerant outlet pipe 239C,

[00193] Furthermore, as shown in Fig. 25 of the drawings, the third cooling unit 26C
further comprises a second refrigerant inlet pipe 268C connected also to the heat
exchanger 30, and a sccond refrigerant outlet pipe 269C, wherein the corresponding heat
exchanging pipes {nincteenth through twenty-seventh heat exchanging pipe (2601C,
26020, 2603C, 2604C, 2605C, 2606C, 2607C, 2608C, 2609C) are extended between the

third refrigerant inlet pipe 268C and the third refrigerant outlet pipe 269C.

[066194] As shown in Fig. 23 of the drawings, each of the first refrigerant inlet pipe 248C
and the first refrigerant outlet pipe 249C comprises a blocking member 24818, 24918
mounted therein for guiding the refrigerant 3 sequentially flowing in the path described

below.

[00195] In other words, the refrigerant 3 from the heat exchanger 30 entering the first
coohing umit 24C first enters the first refrigerant inlet pipe 248C and hits the blocking
member 2481 provided thereimn. The refrigerant 3 hitting the blocking member 2481C 13
guided to flow into the first heat exchanging pipe 2401C, the second heat exchanging
pipe 2402C and the third heat exchanging pipe 2403C and reaches the first refrigerant
outiet pipe 249C. The refrigerant 3 reaching the first refrigerant outlet pipe 249C is
arranged to hit the blocking member 24918 provided therein and is guided to flow into
the fourth heat exchanging pipe 2404C, the fifth heat exchanging pipe 2405C and the
sixth heat exchanging pipe 2406C and reaches the first refrigerant inlet pipe 248C. The
refrigerant 3 reaching the first refrigerant inlet pipe 248C is blocked by the blocking
member 2481C and the refrigerant 3 is prevented from going back to the first through
third heat exchanging pipe 2401C, 2402C, 2403C. The refrigerant 3 is then guided to
flow into the seventh heat exchanging pipe 2407C, the eighth heat exchanging pipe

2408C, and the ninth heat exchanging pipe 2409C and the first refrigerant outlet pipe
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249C, The refrigerant 3 is then arranged to leave the first cooling unit 24C and flow back

to the heat exchanger 30.

[00196] As shown in Fig. 24 of the drawings, each of the second refrigerant inlet pipe
258C and the second refrigerant outlet pipe 259C comprises a blocking member 2381C,
2591C mounted therein for guiding the refrigerant 3 sequentially flowing in the path

described below,

{00197] In other words, the refrigerant 3 from the heat exchanger 30 (as shown in Fig. 8)
enters the second refrigerant inlet pipe 258C, and the refrigerant 3 entening the second
cooling unit 25C first enters the second refrigerant inlet pipe 258C and hits the blocking
member 2581C provided therein. The refrigerant 3 hitting the blocking member 2581C is
guided to flow into the tenth heat exchanging pipe 25301 C, the eleventh heat exchanging
pipe 2502C and the twelfih heat exchanging pipe 2503C and reaches the second
refrigerant outlet pipe 259C. The refrigerant 3 reaching the second refiigerant outlet pipe
2539C is arranged to hit the blocking member 25918 provided theremn and is guided to
flow into the thirteenth heat exchanging pipe 2504C, the fourteenth heat exchanging pipe
2505C and the fifteenth heat exchanging pipe 2506C and reaches the second refrigerant
inlet pipe 258C. The refrigerant 3 reaching the second refrigerant inlet pipe 258C is
blocked by the blocking member 2581C and the refrigerant 3 1s prevented from going
back to the tenth heat exchanging pipe 2501, the eleventh heat exchanging pipe 2502C
and the twelfth heat exchanging pipe 2503C. The refrigerant 3 is then guided to flow into
the sixieenth heat exchanging pipe 2507C, the seventeenth heat exchanging pipe 2508C,
and the eighteenth heat exchanging pipe 2509C and the second refrigerant outlet pipe
259C. The refrigerant 3 is then arranged to leave the second cooling unit 25C and flow

hack to the heat exchanger 30.

{00198] Al the same time, the refrigerant 3 from the heat exchange 30 (as shown in Fig.
8} also enters the third refrigerant inlet pipe 268C of the third cooling unit 26C and hits
the blocking member 2681C provided therein. The refrigerant 3 hitting the blocking
member 2581C is guided to flow into the nineteenth heat exchanging pipe 2601, the

twentieth heal exchanging pipe 2602C and the twenty first heat exchanging pipe 2603C
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and reaches the third refrigerant outlet pipe 269C. The refrigerant 3 reaching the third
refrigeramt outlet pipe 209C is arranged to hit the blocking member 26918 provided
therein and is guided to flow into the twenty second heat exchanging pipe 2604C, the
twenty third heat exchanging pipe 2605C and the twenty fourth heat exchanging pipe
26060 and reaches the third refrigerant inlet pipe 268C. The refrigerant 3 reaching the
third refrigerant inlet pipe 268C is blocked by the blocking member 2681C and the
refrigerant 3 is prevented from going back to the nincteenth heat exchanging pipe 2601C,
the twentieth heat exchanging pipe 2602C and the twenty first heat exchanging pipe
2603C. The refrigerant 3 is then guided to flow into the twenty fifth heat exchanging pipe
2607C, the twenty sixth heat exchanging pipe 2608C, and the twenty seventh heat
exchanging pipe 2609C and the third refnigerant outlet pipe 269C. The refrigerant 3 is
then arranged 1o leave the third cooling umt 260 and 1s guided to flow back to the heat

exchanger 30

{00199] Note that the refrigerant 3 described above may come from any other
components {(nol necessarily the heat exchanger 30), as long as heat exchange is
necessary to lower the temperature of the refrigerant 3. This is a feature which enables
the multiple cffect evaporative condenser 100C to be utilized in a wide variety of

technical fields (and not only air conditionimg system).

{00200} Referring to Fig. 20A to Fig. 26C, Fig. 27, and Fig. 28A to Fig. 28C of the
drawings, a sixth alternative mode of the multiple effect evaporative condenser 100D
according to the above preferred embodiment of the present invention is illustrated. The

sixth alternative mode is substantially similar to the preferred embodiment.

{60201} Fig. 26 illustrates two multiple effect evaporative condenser 100D and each of
the multiple-effect evaporative condenser 100D is served by at least one (preferably two)
pumping device 10. In this sixth alternative mode, cach of the multiple-effect
evaporative condensers 100D comprises a first water collection basin 21D, a first cooling
urit 24D, a second cooling unit 258D, a second water collection basin 22D positioned
between the first cooling unit 24D and the second cooling unit 25D, s third water

collection basin 23D, and a plurality of basin partitioning plates 27D provided on the first
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water collection basin 21D, the second water collection basin 22D, and the third water

collection basin 23D respectively.

[00202] The first cooling unit 24D comprise a plurality of heat exchanging pipes 240D
and a first fill matertal antt 245D provided underncath the heat exchanging pipes 240D,
wherein the cooling water 1 collected in the first water collection basin 21D is arranged
to flow through extentor surfaces of the heat exchanging pipes 240D and then through the

first fill material unit 245D,

[60203] The basin partitioning plates 27D provided on the first water collection basin
21D divides the first water collection basin 21D into first and second water collection
compartments 216D, 217D, Sinularly, the basin partitioming plate 27C provided on the
second water collection basin 22D divides the second water collection basin 22D into
third and fourth water collection compartment 226D, 227D, Moreover, the basin
partitioning plate 27D provided on the third water collection basin 23D divides the third
water collection basin 23D into fifth and sixth water collection compartment 236D,

237D,

{66204} In this sixth alternative mode, the first cooling unit 24D compnses a first il
material unit 2450 which comprises first and second fill material pack 2451D, 24520,
The second cooling unit 25D comprises a second fill material unit 255D which comprises
thrd and fourth fill material pack 2331D, 25520,

[00205] The cooling water 1 is first collected at the first water collection basin 21D,
which are pantitioned into first and second water collection compartment 216D, 217D,
The cooling water 1 collected in the first water collection compartment 216D is arranged
to flow through the first cooling unit 24D, the third water collection compartment 226D
of the second cooling unit 25D, and is finally collected in the fifth water collection

compartment 236D of the third water collection basin 2310,

{00206] Similarly, the cooling water 1 collected in the second water collection

compartment 217D is arranged fo flow through the first cooling wnit 24D, the fourth
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water collection companiment 227D of the second cooling umit 25D, and s finally
collected in the sixth water collection compartment 237D of the third water collection

basin 23D,

{00207} The refrigerant 3 is amranged to follow at least one heat exchanging route
formed by the heat exchanging pipes 240D of the first cooling unit 24D and the second

coohing unit 25D,

[00208] The first water collection basin 21D has a first bottorn tank panel 2111, a first
side tank panel 212D, a plurality of through first passage holes 213D formed in the
bottom tank panel 211D, whersin the cooling water 1 18 arranged 1o be pumped into the
first water collection basin 21D by the pomping device 10 and reach the first cooling unit

24D through the first passage holes 213D,

[00209] On the other hand, the second water collection basin 22D has a second botiom
tank panel 221D, a second side tank panel 222D, a plurality of through second passage
holes 223D formed on the second bottom tank panel 221D, wherein the cooling water |
dripping from the first fill material unit 243D in the manner as mentioned above is
arranged {o be collected at the second water collection basin 22D and reaches the second

cooling unit 23D through the second passage holes 223D

{00210} Fig 27 illustrates the flow path of the refrigerant 3. The first cooling unit 24D
further comprises a first refrigerant inlet pipe 248D connected to the compressor 40 {as
shown in Fig. 8), and a first refrigerant transmission pipe 249D, wherein the
corresponding heat exchanging pipes {the first through fourth heat exchanging pipes
241D, 242D, 243D, 244D) are extended between the first refrigerant inlet pipe 248D and

the first refrigerant fransmission pipe 249D,

(00211] Similarly, the second cooling unit 23D further comprises a second refrigerant
inlet pipe 258D connected to the compressor 40, and a second refrigerant transmission

pipe 259D, wherein the corresponding heat exchanging pipes {the fifth through cighth
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heat exchanging pipe 251C, 252C, 253C, 254C) are extended between the second

refrigerant inlet pipe 258D and the second refrigerant transmission pipe 259D,

{00212} As shown in Fig. 27 of the drawings, the first refrigerant inlet pipe 248D
comprises a blocking member 2481D mounted therein at a position between the second
beat exchanging pipe 242D and the third heat exchanging pipe 243D for guiding the

refrigerant 3 sequentially flowing in the path deseribed below.

{00213} The refrigerant 3 entering the first cooling unit 24D first enters the first
refrigerant inlet pipe 248D and hits the blocking member 24811 provided therein (please
referring to the right side of Fig. 27).

[00214] The refnigerant 3 hitting the blocking member 2481D is guided to flow into the
first heal exchanging pipe 241D and the second heat exchanging pipe 242D, and reaches
the first refrigerant transmission pipe 249D. The refriperant 3 reaching the first
refrigerant transmission pipe 249D is arranged to be mixed and guided to flow into the
third beat exchanging pipe 243D and the fourth heat exchanging pipe 244D and flow
back to the first refrigerant inlet pipe 248D, which is then guided to leave the first cooling
unt 24D,

00215} The second refrigerant inlet pipe 258D comprises a blocking member 2581D
mounted therein at a position between the sixth heat exchanging pipe 252D and the
seventh heat exchanging pipe 253D for guiding the refrigerant 3 sequentially flowing in

the path descnibed below {please referring to the left side of Fig. 27).

{00216] The refrigerant 3 entenng the second cooling unit 251 first enters the second
refrigerant inlet pipe 238D and hits the blocking member 25810 provided therein. The
refrigerant 3 hitting the blocking member 2381D is guided to flow into the fifth heat
exchanging pipe 251D and the sixth heat exchanging pipe 252D and reaches the first
refrigerant transnuission pipe 259D. The refrigerant 3 reaching the second refrigerant

gransmuission pipe 259D is arranged to be guided to flow into the seventh heat exchanging

48



k¥ ¢}

19

WO 2013/159079 PCT/US2013/037505

pipe 253D and the cighth heat exchanging pipe 254D and flow back to the second

refrigerant inlet pipe 258D, which is then guided to leave the second cooling unit 25D,

[00217} Fig. 28A to Fig. 28C illustrate another flow path of the refrigerant 3. 1t is
important {0 mention that there exist many flow paths of the refrigerant 3 curculating in
the multiple effect evaporative condenser. These are obvious alternatives to the present
wnvention is varying flow paths should also be covered by the scope of the present

ivention.

[00218] Moreover, for the above mentioned multiple effect evaporative condensers, (the
preforred embodiment and all of the alternatives thereof) each of the heat exchanging
pipes i specifically designed and constructed in a manner described above for achieving
the maximum amount of heal transfer efficiency. A preferred embodiment of the heat

exchanging pipe will first be discussed and the alternatives are then elaborated.

[00219} Referring to Fig. 29 to Fig. 33 of the drawings, a high efficiency heal
exchanging pipe 240 according to a preferred embodiment of the present invention is
illustrated, in which the heat exchanging pipe 240 comprises a pipe body 51, a plurality
of inner heat exchanging fins 32, and a plurality of outer heat exchanging fins 33, (Please
note that the dotted lines in Figs. 32 and 33 ilustrate the inner and outer heat exchanging

fins 52, 53 extending continvously around the pipe body $1).

[80220] The inner heat exchanging fins 52 are spacediy and protrudedly extended along
an ner surface 311 of the pipe body St in a spiral manner for enhancing heat exchange
surface area of the corresponding heat exchanging pipe 240, and for guiding a fluid flow
on the inner surface 511 of the corresponding heat exchange pipe 240 along the spiral

path of the inner heat exchanging fins 32,

{00221} The outer heat exchanging fins 53 are spacedly and protrudedly extended along
an outer surface 5312 of the pipe body 51 for enhancing heat exchange surface area of the
corresponding heat exchanging pipe 241 and for guiding a fluid flow on the outer surface

512 of the corresponding heat exchange pipe 240 along the outer heat exchanging fins 53.
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[00222] It 1s imporiant {0 mention that each of the inner heat exchanging fins 52 and the
outer heat exchanging fins 53 can be embodied as baving a2 wide variety of cross
sectional shapes so as to optimally enbance a heat exchange surface area of the
corresponding heat exchanging pipe 240. For example, the cross sectional shape of each
of the inner heat exchanging fins 52 and the outer heat exchanging fins 53 can be
embodied as "I" shape, "L" shape, "T" shape, "V*" shape, "W" shape, or even "Z" shape.

heat exchanging fins 53 are further Ulusirated in Fig. 34A to Fig. 341

{00223} More specifically, Fig. 34A illustrates that each of the inner heat exchanging
fins 32 and the outer heat exchanging fins 53 has a *“V” cross sectional shape. Fig. 34B
Hustrates that each of the mner heat exchanging fins 52 and the outer heat exchanging
fins 53 has an “§” cross sectional shape. Fig. 34D illustrates that cach of the inner heat
exchanging fins 52 and the outer heat exchanging fins 53 has 3 “Z” cross sectional shape.
Fig. 34C and Fig. 34E Hustrate that each of the inner heat exchanging fins 52 and the
outer heat exchanging fins 33 are extended from the corresponding pipe body 51 while an
outer end portion of cach of these inner heat exchanging fins 52 and the outer heat
exchangmyg fins 33 has a gradually reducing thickness so as to constitute a sharp outer
end portion. Fig. 34F illustrates that each of the inner heat exchanging fins 52 and the
outer heat exchanging fins 53 has a "W cross sectional shape. Fig, 34G illustrates that
cach of the inner heat exchanging fins 32 and the outer heat exchanging fins 33 has a
wavy cross sectional shape. Fig. 34H illustrates that each of the wner heat exchanging
fins 52 and the outer heat exchanging fins 53 has a “V” cross sectional shape with very
simall angle of inclination. Fig. 341 illustrates that each of the inner heat exchanging fins

52 and the outer heat exchanging fins 33 has a “T” cross sectional shape.

[00224] The performance of heat exchange for a particular heat exchanging pipe 240 is
determined by the heat flux density of that heat exchanging pipe 240. The law of heat
conduction, generally known as the Fouarier's law, states that the time rate of heat transfer
through a material is proportional to the negative gradient in the temperature and to the

area, at right angles to that gradient, through which the heat is flowing, Thus, i order to
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maxintze the time rate of heat transfer, one has to maximize the area for the
corresponding heat exchange process. The different shapes of the inner heat exchanging
fins 52 and the outer heat exchanging fins 53 arg used for maximizing the surface area

through which heat transfer takes place.

{00225] Moreover, in order to facilitate casy cleaning of the heat exchanging pipes 240,
gach of the inner heat exchanging fins 32 and the outer heat exchanging fins 53 are
coated with a chemical layer such as a Telfon layer {PTFE) so as to facilitate easy

detachment of dirt from the inner and outer heat exchanging fins 52, 53.

{00226] Referring to Fig. 35A, Fig. 33B, and Fig. 36 of the drawings, each of the heat
exchanging pipes 240 can be used in conjunction with an outer protective pipe 54. Thus,
sach of the heat exchanging pipes 240 farther comprises an outer protective pipe 54
having a diameter such that the pipe body 31 and the outer heat exchange fins 53 can be
mserted into the outer protective pipe 54, More specifically, the outer protective pipe 34
comprises & pipe member 541 and a plurality of the outer heat exchanging fins 53
outwardly extended from an outer surface 5412 of the pipe member 341 for performing
heat exchange with the fluid flowing along an exterior of the outer protective pipe 54
{Please note that the dotled lines in Figs. 35A and 358 illustrate the inner and outer heat

exchanging fins 52, 53 extending continuously around the pipe body 51.}

{00227 Moreover, as shown in Fig. 36 of the drawings, the pipe body 31 of the heat
exchanging pipe 240 is arranged to completely fusert into the outer protective pipe 54,
wherein fluid is allowed to flow through the pipe body S1. It is worth mentioning that the
features of the outer heat exchanging fins 53 extending from the pipe member 541 are
identical to that described above. In other words, they can also be embodied as having a

wide variety of cross sectional shapes,

[00228] It is worth mentioning that at room temperature, an inner diameter of the outer
protective pipe 54 is actually slightly smaller than an outer or radial diameter of the outer
heat exchanging fins 53 of the pipe body 51, so that the pipe body 51 and the outer heat

exchanging fins §3 are not capable of receiving in the outer protective pipe 54, When a
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manufacturer wishes to insert the pipe body 51 into the outer protective pipe 34, the
manufacturer needs to heat up the outer protective pipe 534 to an elevated temperature,
and the outer protective pipe 34 will expand accordingly. After the expansion, the
manufacture is able to insert the pipe body 51 along with all the inner heat exchanging

fins 52 and the outer heat exchanging fins 53 into the outer protective pipe 54,

(002291 When fluid passes through the exterior (Le. the outer heat exchanging fins 53)
of the outer protective pipe 54, heat is transmitied to the fluid flowing in the pipe body 51
through the pipe member 341, the outer heat exchanging fins 53 of the pipe body 31, and
the inner heat exchanging fins 52 of the pipe body 51, The identical heat transmission
path is also accomplished when the fhud flowing inside the pipe body 51 carries heat
which 1s to be transmitted to the fluid fowing on the exterior of the outer protective pipe
54 (1.e. Howing across the outer heat exchanging fins 53 of the pipe member 341). The
function of the outer profective pipe 34 1s that when the pipe body 51 accidentally breaks,
the fluid fowing through the pipe body 51 is prevented from directly mixing with the

fluid through outside the heat exchanging pipe 240,

{00230} Referring to Fig. 37 to Fig. 39 of the drawings, a first alternative mode of the
heat exchanging pipe 240" according to the preferred embodiment of the present
invention is illustrated. In this first alternative mode, cach of the heat exchanging pipes
240 comprises a pipe body 517, a plurality of inner heat exchanging fins 52° spacedly
and protrudedly extended along an inner surface 5117 of the pipe body 517 in a spiral
manner for enhancing heat exchange surface area of the corresponding heat exchanging
pipe 2407, and for guiding a fluid flow on the inner surface 5117 of the corresponding
heat exchange pipe 240" along the spiral path of the inner heat exchanging fins 527
{Please also note that the dotted lines In Figs. 38 illustrate the inner heat exchanging fins

52" extending continuously around the pipe body 51°).

[00231] On the other hand, each of the heat exchanging pipes 2407 further comprises a
plurality of outer heat exchanging fins 537 spacedly and cutwardly extended from an
outer surface 35127 of the pipe body 517, More specifically, each of the outer heat

exchanging fins 537 is circumferentially extended from the outer surface 5127 of the pipe
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body 517 to form a heat exchanging panel for performing heat exchange with ihe
corrgsponding fluid (such as cooling water described above) flowing along the outer

surface 5127 of the pipe body 517,

[00232] As sbown in Fig. 37 of the drawings, each of the outer heat exchanging fins 53’
farther has a plurality of through guiding holes 5317 spacedly provided thereon for
facilitating flowing of fhuid (such as the cooling water 1 described above) across the outer
heat exchanging fins 33, The fluid, such as the cooling water 1, is capable of passing
through the outer heat exchanging fins 537 through the guiding holes 531°. Moreover,
gach of the outer heat exchenging fins 537 further has a plurality of indentions 5327
formed therveon for further maximizing the surface area for heat exchange between the
outer heat exchanging fins 53" and the fluid flowing across the corresponding heat

exchanging pipes 2407,

[00233] [t is important to mention that the cross sectional shape of cach of the outer heat
exchanging fing §3° can be varied so as to fit different applications of the heat
exchanging pipes 240°. For example, each of the outer heat exchanging fing 53° can have
a square or rectangular cross sectional shape as shown in Fig. 37 to Fig. 38 of the
drawings. However, as shown in Fig. 40 of the drawings, the outer heat exchanging fin
53" may have a circular cross section for performing heat exchange with the
corresponding flnd, wherein the dofted lines in Figs. 40 illustrate the imner heat

exchanging fins 527 extending continuously around the pipe body 517).

j00234] 1t is important to mention that the outer heat exchanging fins 53" may be
embodied as having a wide variety of cross sectional shapes. For example, each of the
outer heat exchanging fins 337 may be embodied as having a rectangular cross sectional
shape, hexagonal cross sectional shape, octagonal cross sectional shape, or any other

cross sectional shapes,

[00235] Moreover, the heat exchanging pipes 240 (and all the alternatives) mentioned

above can be used in the above-mentioned multiple effect evaporative condenser 100 and
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all of its alternatives. Furthermore, the heat exchanging pipes 240 will also be used in the

heat exchanger 30 mentioned below,

[00236] Referring to Fig. 41 and Fig. 44 of the drawings, a heater exchanger 30
according to the above preferred embodiment of the present invention is illustrated.
According 1o the preferred embodiment, the heat exchanger 30 comprises a heat
exchanger housing 31, an upper water chamber 33 provided on an upper portion of the
hieat exchanger housing 31, a lower water chamber 34 provided on a lower portion of the

heat exchanger housing 31, and a feedback arrangement 32.

{00237] The heat exchanger housing 31 has a water inlet 311, a water outlet 312, a
refrigerant infet 314, a refrigerant outlet 313, and a cover 313 detachably provided on the

heat exchanger housing 31.

{00238] The upper water chamber 33 is commumicated with the water outlet 312,
whereas the lower water chamber 34 is communicated with the water inlet 311, The heat
exchanger 30 further comprises a plurality of heat exchanging pipes 240 extended
between the upper water chamber 33 and the lower water chamber 34, wherein water
having a relatively low temperature is arranged to enter the heat exchanger 30 through the
water 1let 311 and temporarily store in the lower water chamber 34, The water is then
pumped up the heat exchanger housing 31 through the heat transfer pipes 240 and
temporarily store n the upper water chamber 33 and leaves the heat exchanger 30
through the water outlet 312, The pumping is accomplished by a heat exchanger pump
300.

[00239] At the same time, the refrigerant 3 is guided to enter the heat exchanger 30
through the refrigerant inlet 314 and flow through an exterior of the heat exchanging
pipes 240 (1.e. along the corresponding outer heat exchanging fins 53) for performing
heat exchange with the water flowing through the corresponding heat exchanging pipes
240. During the heat exchange process between the refrigerant 3 and the water, heat is

absorbed by the refrigerant 3 which becomes evaporated {i.e. vapor state). The vapor of
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the refrigerant 3 is then guided to leave the heat exchanger 30 through the refrigerant

autlet 315

{00240] The fecdback arrangement 32 comprising a feedback outlet 321, a feedback
inlet 322, and a feedback pipe 323 connecting the feedback outlet 321 and the feedback
inlet 322, wherein incompletely evaporated refrigerant 3 1s arranged to be fed back to the
heat exchanger 30 through the feedback outlet 321 and the feedback inlet 322 for
performing another cycle of heat exchange so as to allow the incompletely evaporated
refrigerant 3 to be fully evaporated before leaving the heat exchanger 30 and goes back to

the compressor or other components of the air conditioning system.

[60241] The heat exchanger 30 further comprises a refrigerant distributor 36 provided in
the upper water chamber 33 for guiding the refrnigerant coming from the refrigerant inlet
314 to flow across the heat exchanging pipes 240. More specifically, the refrigerant
distributor 36 comprises a main guiding pipe 361 exiended form the refrigerant inlet 314,
a plurality of distributing branches 362 transversely and spacedly extended from the main
gaiding pipe 361, wherein each of the distributing branches 362 has a spraying nozzle

3621 formed at the end portion thereof.

{00242] The refrigerant distributor 36 further compnses a division member 363 mounted
in the heat exchanger housing 31 at & position above the spraying nozzles 3621, and a
guider pane} 364 transversely and spacedly mounted undemeath the division member 363
to define a gas cavity 365 between the division member 363 and the guider panel 364,
wherein the refrigerant 3 flowing through the distributing branches 362 are sprayed in the

gas cavity 365 in a quasi gaseous state (1.e. partially gaseous and partially liquid state).

[00243] It iz worth mentioning that the guider panel 364 has a plurality of through
purder holes 3641 spacedly formed thercon, wherein the heat exchanging pipes 240 are
arranged to extend between the upper water chamber 33 and the lower water chamber 34
through the guider holes 3641, However, a diameter of each of the guiding holes 3641 is
slightly larger than an outer diameter {including the outer heat exchanging fing 33) of the

corresponding heat exchanging pipes 240 so that refrigerant 3 in ts liquid state s able to
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pass through the small gap between the heat exchanging pipes 240 and the comresponding
sidewalls of the guiding holes 3641 and reach the lower portion of the heat exchanger

housing 31 from the gas cavity 363,

{00244] As shown in Fig. 42 of the drawings, the heat exchanger 30 further comprises a
plurality of diverting panels 35 transversely, suspendedly and spacedly mounted in the
heat exchanger housing 31 at a position underneath the guider panel 364, wherein each
two of the adjacent diverting panels 35 is mounted at opposite sidewalls of the heat
exchanger housing 31, and a diameter of cach of the diverting panels 35 is smaller than
that of the heal exchanging housing 31 so as form a predetermined passage space
between an mner end of the diverting panels 35 and the corresponding opposite sidewall
of the heat exchanger housing 31. These passage spaces of the diverting panels 35
constitute a passage channel 301 for evaporated refrigerant 3 to flow from the upper
portion 316 of the heat exchanger housing 31 to the lower portion 317 thereof, where the

refrigerant ontlet 315 is located.

[00245] In other words, the side edges 3352 of sach two adjacent diverting panels 33 are
mounted to two opposite inner sidewalls of the heat exchanger bousing 31 respectively
such that the evaporated refrigerant 3 1s arranged to move from the top portion 316 to the
bottom portion 317 of the heat exchanger honsing 31 wn a zigzag mamner until the

evaporated refrigerant 3 reaches the refrigerant cutlet 315.

{00246] Note also that each of the diverting panels 335 has a plurality of passage holes
351 spacedly formed thereon and is aligned with the guiding holes 3641 respectively,
wherein the heat exchanging pipes 240 are arranged to pass through the passage holes
351

{00247] Furthermore, a diameter of cach of the passage holes 351 is shghtly larger than
an outer diameter {including the outer heat exchanging fins 53) of the corresponding heat
exchanging pipes 240 so that refrigerant 3 in its liquid state is able to pass through the

srnall gap between the heat exchanging pipes 240 and the corresponding sidewalls of the
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passage holes 351 and reach the lower portion 317 of the heal exchanger housing 31

along the outer heat exchanging fins 53 of the corresponding heat exchanging pipes 240,

{00248] In other words, the refrigerant 3 in the liguid state is then arranged to form a
thin film flowing through the outer heat exchanging fins 53 of the heat exchanging pipes
240 for heat exchange with the water flowing through the heat exchanging pipes 240 (i.c.
the interior of the heat exchanging pipes 240}, and 1s arranged to move from the upper
portion of the heat exchanging pipes 240 downwardly toward the botiom portion thereof.
Moreover, a vertical distance between ecach two diverting panels 35 is gradually

increasing from the upper most diverting panel 35 to the lowermost diverting panel 35,

{00249} When the refrigerant 3 moves from the upper portion of the heat exchanging
pipes 240 to the lower portion thereof, it absorbs heat from the water and evaporated at a
predetermined rate. On the other hand, the heat in the water flowing through the heat
exchanging pipes 240 is extracted and temperature of the water decreases when it goes
from the bottom portion of the heat exchanging pipes 240 to the upper portion thereof.
By the time the refngerant 3 reaches the lower portion of the heat exchanging pipes 240,
a maority of the refrigerant 3 is evaporated and is guided to exit the heat exchanger 30

through the refrigerant outlet 315.

[00250] As shown in Fig. 42 of the drawings, the feedback arrangement 32 further
comprises a residue collection chamber 324 provided at a lower portion 317 of the heat
exchanger housing 31 and is communicated with the feedback ontlet 321 in such a
nanner that nn-evaporated refrigerant 3 (Le. residue refrigerant 3) is amanged to be
gurded and collected in the residue collection chamber 324, The residue refrigerant 3 is
then pumped back to the feedback inlet 322 through the feedback pipe 323. The feedback
et 322 s communicated with the space formed between the guider panels 364 and the
top diverting panel 35 in the evaporator housing 31, so that the residue refrigerant 3 may
join the refrigerant 3 coming from the distributing branches 362 and go through the heat

exchanging process one more time by passing along the heat exchanging pipes 240 again.
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[00251] Referring to Fig. 45 and Fig. 46 of the drawings, a first alternative mode of the
heat exchanger according fo the preferred embodiment of the present invention is
schematically illustrated. The first alternative mode of the heat exchanger 30 is similar (o

the preferred embodiment described above except refrigerant distributor 36",

{00252] In ths third allemative mode, the refrigerant distributor 36" guides the flow of
the refrigerant 3 outside the heat exchanger housing 31, The refrigerant distnibutor 3¢
comprises the main guiding pipe 361 extended from the refrigerant indet 314° and the
distributing branches 362" are extended from the main guiding pipe 361" which are
provided at an exterior of the heat exchanger housing 31, wherein each of the distributing
branches 362" are directly extended to the gas cavity 365" for allowing liguid refrigerant 3

to perform heat exchange with the heat exchanging pipes 240.

{00253} Referring to Fig. 47 and Fig. 50 of the drawings, 2 second alternative mode of
the heat exchanger according to the preferred embodiment of the present invention Is
schematically illustrated. The second alternative mode of the heat exchanger 307 is
sumitar to the preferred embodiment described above execept the heat exchanging pipe
2407,

{00254} According to the second alternative mode of the heat exchanger 307, the heat
exchanger 307 comprises only one heat exchanging pipe Z40E for facilitating heat
exchanging between the water and the refrigorant 3. More specifically, the heat
exchanger 30 comprises a heat exchanger housing 317, an upper water chamber 337
provided on an upper portion 316" of the heat exchanger housing 317, a lower water
chamber 34" provided on a lower portion 317" of the heat exchanger housing 317, and a

feedback arrangement 327,

{00285} The heat exchanger housing 317 has a water inlet 3117, a water outlet 3127, a
refrigerant inlet 3147, a refrigerant outlet 3157, and a cover 313" detachably provided on

the heat exchanger housing 317
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[002536] The upper water chamber 33" Is communicated with the water outlet 3127,
whereas the lower water chamber 347 is communicated with the water inlet 3117, The
heat exchanging pipe 240E is extended between the upper water chamber 33”7 and the
tower water chamber 34", wherein water having a relatively low temperature s arranged
to enter the heat exchanger 307 through the water inlet 3117 and temporarily store in the
tower water chamber 347, The water is then pumped up the heat exchanger housing 317
through the heat transfor pipe 240F and temporarily store in the upper water chamber 337
and leaves the heat exchanger 307 through the water outlet 3127 The pumping is

accomplished by a heat exchanger pump 3007,

{00257] At the same time, the refrigerant 3 1s guided to enter the heat exchanger 307
through the refrigerant inlet 314 and flow through an exterior of the heat exchanging
pipe 240F (i.c. along the corresponding outer heat exchanging fins 53E)} for performing
heat exchange with the water flowing thwough the corresponding heat exchanging pipes
240E. During the heat exchange process between the refrigerant 3 and the water, heat is
absorbed by the refrigerant 3 which becomes evaporated {i.e. vapor state). The vapor of
the refrigerant 3 s then guided to leave the heat exchanger 307 through the refrigerant

putlet 3157

[O0258] The feedback arrangement 327 comprising a feedback outlet 3217, a feedback
miet 3227, and a feedback pipe 3237 connecting the feedback outlet 3217 and the
feedback inlet 3227, wherein incompletely evaporated refrigerant 3 is arranged to be fed
back to the heat exchanger 307 through the feedback outlet 3217 and the feedback inlet
322" for performing another cycle of heat exchange so as to allow the incompletely
evaporated refrigerant 3 to be fully evaporated before leaving the heat exchanger 30" and

goes back to the compressor or other components of the air conditioning system.

[0025%] The refrigerant distributor is identical to what is disclosed in the preferred
embodiment, except the refrigerant distributor is arranged to distribute the refrigerant 3 {o
flow from the refrigerant inlet 314”7 to the only heat exchanging pipe 240E in the heat

exchanger 307
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[00260] In this second alternative mode of the heat exchanger 307, the heat exchanger
30" further comprises an inner spiral guiding member 377 mounted in the heat
exchanging pipe 240F, wherein an outer diameter of the inner spiral guiding member 377
is slightly smaller than an inner diameter of the heat exchanging pipe 240E so that the
inner spiral guiding member 37" does not hit the inner heat exchanging fins 52E

{extended from the pipe body S1E) of the heat exchanging pipe 240E.

[00261] The inner spiral guiding member 377 further has an nner spiral guider 3717
made by flexible material and is formed along an outer edge of the inner spiral guiding
member 37 for preventing the mner spiral guiding member 37" from hitting the inner
heat exchanging fins 32E. (Please note that the dotted hines illustrate the inner spiral
gutder 3717 and the mner exchanging fins S2E continuously extending around the pipe

body 51E.)

[00262] 1t is important to mention at this stage that the inner spiral guiding member 377
spirally extends along a longitudinally direction of the heat exchanging housing 317 and
is arranged to be extended along a direction which is opposite to the spirally extending
inner heat exchanging fins 52E of the heal exchanging pipe 240E. In other words, when
the inner heat exchanging fins 32E is extended in a clockwise direction, the inner spiral
guiding member 377 is extended in an anti-clockwise direction. When the water flows
through the heat exchanging pipe 240E, the flow of the water is guided by the inner spiral
guiding member 377, Because the spirally extending direction of the mner spiral guiding
member 377 and the inner heat exchanging fins 52E are opposite, water flowing through
the fimner spiral guiding member 377 is guided to hit the inner heat exchanging fins 32E.
Meoreover, when the nner spiral guiding member 37 is mounted in the heat exchanging
pipe 240E, the water flowing time in the heat exchanging pipe 240E will be maximized

for maximizing the heat exchange time between the water and the refngerant 3.

1002631 On the other hand, the heat exchanger 307 further comprises a plurality of outer
spiral puiding members 387 spirally, mwardly and mchinedly extended along an inner
surface of the heat exchanger hougsing 317 to form a plurality of outer spiral guiders 3817,

wherein the vapor refrigerant 3 from the refrigerant inlet 314™ is arranged to hit the spiral
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guiding members 38 and flow towards the outer heat exchanging fins 52E of the heat
exchanging pipe 240E. The refrigerant 3 is arranged to perform heat exchange with the
water through the outer heat exchanging fins S2E and the mner heat exchanging f{ins 33E.
Furthermore, as shown in Fig. 50 of the dvawings, a vertical distance between each two
adjacent outer spiral guiders 3817 s mcreasing with decreasing height of the heat

exchanger housing 317

{00264] The heat exchanger 307 further comprises an outer guider 397 provided along a
tongitudinal direction along an inner surface of the heat exchanger housing 317 for
adjusting and guiding a flowing path of the refrigerant 3 flowing through the space
between the outer heat exchanging fins 52E and the inner surface of the heat exchanging
housing 317, Note that when the refrigerant 3 is guided to flow in a spiral member by the
outer heat exchanging fins 32E, a centrifugal force will be developed and the refrigevant
3 will tend to flow toward the inner surface of the heat exchanger housing 317 The
purpose of the outer guider 397 iz to gide the refrigerant hitting thereon to flow back to
the outer heat exchanging fins S2E for prolonging the time in which the refrigerant 3

contacts with the outer heat exchanging fins 32E.

{00263} Referring to Fig. 51 and Fig. 54 of the drawings, a third alternative mode of the
heat exchanger according to the preferred embodiment of the present mvention is
schematically illustrated. The third alternative mode of the heat exchanger 30A is similar
10 the second alternative mode of the heat exchange 307 described above, except the heat

exchanger 30A further comprises a detachable arrangement 38A.

{00266} In this third alternative mode, the detachable arrangement 394A is provided on
the heat exchanger housing 31A for allowing the user to replace the heat exchanging pipe

240F by detaching the cover 313A from the heat exchanger housing 31A,

{00267] More specifically, the detaching arrangement 39A comprises a first flange 391A
and a second flange 392A connecting the cover 313A to the heat exchanger housing 31A.
The first flange 391A has a plurality of first connecting holes 3911A spacedly formed

thercon, wherein the first flange 391 A connects the heat exchanger housing 31A with the
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cover 313A through a plurality of connectors, such as screws, penetrating through the
first connecting holes 3911A. On the other hand, the detaching arrangement 39A further
comprises a supporting frame 393A detachably connecting the cover 313A and the heat
exchanging pipe 240E. As shown in Fig. 33 of the drawings, the second flange 392A has
a plurality of second vonnecting holes 3921A, wherein the supporting frame 393A is
connected to the second fange 392A which I8 in twm connected to the first flange 391A
through a pluality of connectors, such as screws, penetrating though the second
conneciing holes 39214, Note that the second flange 392A has a diameter smaller than
that of the first flange 391A, so that the cover 313A can be able to cover the sccond
flange 392A and the heat exchanging pipe 240E when it 1s connected to the first flange
391A. Furthermore, the detaching arrangement 39A further comprises a sealing member
394A secured between the second flange 392A and the pip body 51E through a plarality

of securmg screws 395A mounted on the second flange 392A.

{00268] The supporting frame 393A compnses a first and a second supporter member
3931A, 3932A comnected with each other in a cross manner for connecting with the

second flange 392A.

002691 It is worth mentioning that a user of the present invention may easily replace or
take out the heat exchanging pipe 240E from the heat exchanger 30A for cleaning. The
user needs only to unscrew the connectors connecting the cover 313A and the heat
exchanger housing 31A and detach the cover 313A from the first flange 391A. Then, the
user needs fo unscrew the securing screws 393A from the second {lange 392A.
Afterwards, the user is able to detach the second flange 392A from the first flange 3%1A

the heat exchanger housing 31 A for cleaning or replacement.

{00270} Fig. 53A to Fig. 55F of the drawings illustrate that the air conditioning system
of the present invention air conditioning system further comprises a cooling device 60
which uses a supplemental water with lower temperature to cool down the liguid
refrigerant. As an example, the cooling device 60 can be connected between the

expansion valve 50 {as shown in Fig. §) and the multiple effective evaporative condenser
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100, wherein the cooling device 60 is arranged to further lower the temperature of the

refrigerant 3 coming out from the multiple effect evaporative condenser 100.

100271} The cooling device 60 comprises a tubular housing 61 having a refnigerant
entrance 611 formed at a bottom portion thereof, and a refrigerant exit 612 formed at a
top portion of the tubular houstng 61, wherein refrigerant 3 leaving the multiple effect
evaporative condenser 100 is arranged to enter the tubular housing 61 through the
refrigerant entrance 611 for further cooling, while the refrigerant 3 is arranged to leave

the cooling device 60 through the refnigerant exit 612,

{00272] The cooling device 60 farther comprises a heat exchanging pipe 240 {as
described above) extended from the refrigerant entrance 611 and the refrigerant exit 612,
wherein the refrigerant 3 is arranged to flow through the heat exchanging pipe 240 in the
cooling device 60. Moreover, the tubular housing 61 further has a water entrance 613
provided at a top portion thereof, and a water exit 614 provided at a bottom portion of the
tubular housing 61, wherein the supplemental water is arranged to {flow into the tubular
housing 61 through the water entrance 613 and perform heat exchange with the
refrigerant 3 for further cooling the temperature of the refrigerant 3. Note that the water
flowing through this cooling device 60 is collected from the multiple effect evaporative
condenser s0 that when the water fimshes absorbing heat from the refrigerant 3, the water

is guided to flow back to the multiple effect evaporative condenser for cooling,

{00273] The cooling device 60 further comprises a pheality of water diverters 63
spacedly extended from inner sidewall of the tubular housing 61 in such a manner that
each of the water diverters 63 is orentated such that when the water 15 hit therein, the
water s guided to flow towards the opposite water diverter 63 at a next lower level while
passing through an exterior surface of the heat exchanging pipe 240 for performing heat
exchange with the refrigerant 3 flowing through the heat exchanging pipe 240. The water
entering from the water entrance 613 is thus flowed in the tubular housing 61 in a zigzag

path.

o
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[00274) The tubular housing 61 comprises a first and a second housing body 615, 616
detachably attached with each other to form the tubalar housing 61. As shown in Fig. 55E
and Fig. S5F of the drawings, cach of the first and the second housing body 615, 616 has
a semi-circular cross soction and is detachably connected with gach other through an

engaging arrangement 617,

{60275 Refemring to Fig. 36 to Fig. 57 of the drawings, two heat exchangers 30 {(namely
a first heat exchanger 30 and a second heat exchanger 30) are connected with cach other
in parallel and in series for further cuhancing the heat exchange capacity of the present
invention. Fig. 56 illustrates fwo heat exchangers 30 are put in a side-by-side manner,
while Fig. 57 illustrates that the two heat exchangers 30 are put in & vertical configuration
i a series manner. In the latter case, water leaving the first heat exchanger 36 (located at
the bottom} is guided to flow mto the second heat exchanger 30 (located at the top),
wherein the heat exchange mechamism m each of these first and the second heat
exchanger 30 iz identical to those described above, In Fig. 57, the water leaving the first
heat exchanger 30 is guided to flow info the second heat exchanger 30 for further

exiracting heat to the refrigerant 3.

100276] One skilled in the art will understand that the embodiment of the present
invention as shown in the drawings and described above is exemplary only and not

intended to be limiting.

[00277] It will thus be seen that the objects of the present invention have been fully and
effectively accomplished. It cmbodiments have been shown and described for the
purposes of illustrating the functional and structural principles of the present invention
and 1s subject to change without departure from such principles. Therefore, this invention
includes all modifications encompassed within the spirit and scope of the following

clatms.
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What is Claimed is:

1. A multiple-effect evaporative condenser for cooling a predetermined
amount of refrigerant by a predetermined amount of cooling water, comprising: a
pumping device adapted for pumping said cooling water at a predetermined flow rate;
a tower housing having an air inlet and an air outlet, wherein an air draft is drawn
between said air inlet and said air outlet; a first water collection basin mounted in said
tower housing for collecting said cooling water pumped from said pumping device; a
first cooling unit comprising a plurality of heat exchanging pipes and a first fill material
unit provided underneath said heat exchanging pipes, wherein said cooling water
collected in said first water collection basin is arranged to flow through exterior surfaces
of said heat exchanging pipes and said first fill material unit; and a second water
collection basin positioned underneath said first cooling unit for collecting said cooling
water flowing from said first cooling unit, wherein said cooling water collected in said
second water collection basin is arranged to be reused in said first water collection
basin, wherein said refrigerant flows through said heat exchanging pipes of said first
cooling unit, in such a manner that said refrigerant is arranged to perform highly
efficient heat exchanging process with said cooling water for lowering a temperature of
said refrigerant, wherein said predetermined amount of air is drawn into said tower
housing through said air inlet for performing heat exchange with said cooling water
flowing through said first fill material for lowering a temperature of said cooling water,
wherein said air having absorbed said heat from said cooling water is discharged out of

said tower housing through said air outlet.

2. The multiple-effect evaporative condenser, as recited in claim 1, wherein
said multiple-effect evaporative condenser further comprises a second cooling unit
provided underneath said second water collection basin for allowing said cooling water
to undergo another heating and cooling cycle through heating by said refrigerant and

cooling by said air draft.

3. The multiple-effect evaporative condenser, as recited in claim 2, wherein
said second cooling unit comprises a plurality of heat exchanging pipes, and a
predetermined amount of second fill material unit, wherein said cooling water collected

in said second water collection basin is arranged to flow through exterior surfaces of
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said heat exchanging pipes of said second cooling unit and said second fill material

unit.

4. The multiple-effect evaporative condenser, as recited in claim 3, further
comprising a third water collection basin positioned underneath said second cooling
unit for collecting said cooling water flowing from said second cooling unit, wherein
said cooling water collected in said third water collection basin is arranged to be
pumped back to said first water collection basin by said pumping device, wherein said
refrigerant is guided to flow through said heat exchanging pipes in such a manner and
flow sequent that said refrigerant is arranged to perform heat exchange with said
cooling water flowing through said multiple-effect evaporative condenser for lowering
a temperature of said refrigerant, wherein said predetermined amount of air is sucked
into said tower housing through said air inlet for performing heat exchange with said
cooling water flowing through said first cooling unit and said second cooling unit for
lowering a temperature of said cooling water, wherein said air having absorbed said
heat from said cooling water is discharged out of said multiple-effect evaporative

condenser through said air outlet.

5. The multiple-effect evaporative condenser, as recited in claim 3, wherein
said first water collection basin has a first bottom tank panel, a first side tank panel, a
plurality of through first passage holes formed on said bottom tank panel, wherein said

cooling water is arranged to reach said first cooling unit through said first passage holes.

6. The multiple-effect evaporative condenser, as recited in claim 5, wherein
said first cooling unit further comprises a first supporting tray having a first tray
partition member upwardly extended from a bottom surface thereof for dividing said
first supporting tray into a first tray section and a second tray section, wherein two of
said corresponding heat exchanging pipes are spacedly supported in said first tray
section and another two of said corresponding heat exchanging pipes are spacedly

supported in said second tray section.

7. The multiple-effect evaporative condenser, as recited in claim 6, wherein
said first water collection basin further has a plurality of first dividers spacedly and.

downwardly extended from said bottom tank panel to define a plurality of first trapping
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cavities between each two corresponding adjacent first dividers, wherein each of said
corresponding heat exchanging pipes are supported within each of said first trapping
cavities respectively so that when said cooling water falls into said first trapping cavities
through said corresponding first passage hole, said cooling water is guided to
substantially embed said corresponding heat exchanging pipes for ensuring efficient

and effective heat exchange between said heat exchanging pipes and said cooling water.

8. The multiple-effect evaporative condenser, as recited in claim 7, wherein
said first supporting tray further has a plurality of through first passing holes formed
thereon wherein said cooling water collected at said first supporting tray is allowed to

flow into said first fill material unit.

9. The multiple-effect evaporative condenser, as recited in claim 8, wherein
said first fill material unit comprises a first fill material pack and a second fill material
pack spacedly supported in said tower housing, wherein said cooling water coming
from said first tray section is arranged to drop into said first fill material pack, while
said cooling water coming from said second tray section is arranged to drop into said

second fill material pack.

10. The multiple-effect evaporative condenser, as recited in claim 9, wherein
said second water collection basin has a second bottom tank panel, a second side tank
panel, a plurality of through second passage holes formed on said second bottom tank
panel, wherein said cooling water dripping from said first fill material unit is arranged
to be collected at said second water collection basin and reaches said second cooling

unit through said second passage holes.

11. The multiple-effect evaporative condenser, as recited in claim 10, wherein
said second water collection basin further comprises a separation member upwardly
extended from said second bottom tank panel to separate said second water collection
basin into a first collection chamber and a second collection chamber, wherein said
cooling water coming from said first fill material pack is collected at said first collection
chamber, while said cooling water coming from said second fill material pack is

collected at said second collection chamber.
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12. The multiple-effect evaporative condenser, as recited in claim 11, wherein
said second cooling unit further comprises a second supporting tray having a second
tray partition member upwardly extended from a bottom surface thereof for dividing
said second supporting tray into a third tray section and a fourth tray section, wherein
two of said corresponding heat exchanging pipes are spacedly supported in said third
tray section and another two of said corresponding heat exchanging pipes are spacedly

supported in said fourth tray section.

13. The multiple-effect evaporative condenser, as recited in claim 12, wherein
said second water collection basin further has a plurality of second dividers spacedly
and downwardly extended from said second bottom tank panel to define a
corresponding number of second trapping cavities between each two corresponding
second dividers, wherein four of said corresponding heat exchanging pipes are
supported within each of said second trapping cavities respectively so that when said
cooling water falls into said second trapping cavities through said corresponding second
passage hole, said cooling water is guided to substantially embed said corresponding

heat exchanging pipes.

14. The multiple-effect evaporative condenser, as recited in claim 13, wherein
said second supporting tray further has a plurality of through second passing holes
formed thereon wherein said cooling water collected at said second supporting tray is

allowed to flow into said second fill material unit.

15. The multiple-effect evaporative condenser, as recited in claim 14, wherein
said second fill material unit comprises a third fill material pack and a fourth fill
material pack spacedly supported in said tower housing, wherein said cooling water
coming from said first lower tray section is arranged to drop into said third fill material
pack, while said cooling water coming from said second lower tray section is arranged

to drop into said fourth fill material pack.

16. The multiple-effect evaporative condenser, as recited in claim 15, further
comprising a second pumping device, and a plurality of basin partitioning plates
provided on said first water collection basin and said third water collection basin,

wherein said basin partitioning plate provided on said first water collection basin
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divides said first water collection basin into a first water collection compartment and a
second water collection compartment, wherein said basin partitioning plate provided
on said first water collection basin divides said third water collection basin into a third
water collection compartment and a fourth water collection compartment, wherein said
cooling water coming from said third fill material pack and said fourth fill material pack
are separately collected at said third water collection compartment and said fourth water
collection compartment and are separately pumped to said first water collection
compartment and said second water collection compartment of said first water

collection basin respectively by said pumping devices respectively.

17. The multiple-effect evaporative condenser, as recited in claim 10, wherein
said second cooling unit further comprises a second supporting tray having a second
tray partition member upwardly extended from a bottom surface thereof for dividing
said second supporting tray into a third tray section and a fourth tray section, wherein
two of said heat exchanging pipes are spacedly supported in said third tray section and

two of said heat exchanging pipes are spacedly supported in said fourth tray section.

18. The multiple-effect evaporative condenser, as recited in claim 17, wherein
said second fill material unit comprises a third fill material pack and a fourth fill
material pack spacedly supported in said tower housing, wherein said cooling water
coming from said first lower tray section is arranged to drop into said third fill material
pack, while said cooling water coming from said second lower tray section is arranged

to drop into said fourth fill material pack.

19. The multiple-effect evaporative condenser, as recited in claim 18, wherein
said first cooling unit further comprises a plurality of first water film distributors
provided on each of said corresponding heat exchanging pipes respectively for guiding
said cooling water to flow through said corresponding heat exchanging pipes in thin
water film there along, wherein said cooling water in said thin water film state is
arranged to perform heat exchange with said refrigerant flowing through said

corresponding heat exchanging pipes.

20. The multiple-effect evaporative condenser, as recited in claim 18, wherein

said second cooling unit further comprises a plurality of second water film distributors
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provided on each of said corresponding heat exchanging pipes respectively for guiding
said cooling water to flow through said corresponding heat exchanging pipes in thin
water film there along, wherein said cooling water in said thin water film state is
arranged to perform heat exchange with said refrigerant flowing through said

corresponding heat exchanging pipes.

21. The multiple-effect evaporative condenser, as recited in claim 20, further
comprising a third cooling unit which is provided underneath said second cooling unit,
and a fourth water collection basin provided underneath said third cooling unit for

collecting said cooling water coming from said third cooling unit.

22. The multiple-effect evaporative condenser, as recited in claim 21, wherein
said third cooling unit comprises a third supporting tray having a tray partition member
upwardly extended from a bottom surface thereof for dividing said third supporting tray
into a fifth tray section and a sixth tray section, wherein two of said heat exchanging
pipes are spacedly supported in said fifth tray section and two of said heat exchanging

pipes are spacedly supported in said sixth tray section.

23. The multiple-effect evaporative condenser, as recited in claim 22, wherein
third cooling unit further comprises a third fill material unit which comprises a fifth fill
material pack and a sixth fill material pack spacedly supported in said tower housing,
wherein said cooling water coming from said fifth tray section is arranged to drop into
said fifth fill material pack, while said cooling water coming from said sixth tray section

is arranged to drop into said sixth fill material pack.

24. The multiple-effect evaporative condenser, as recited in claim 23, wherein
said third cooling unit further comprises a plurality of third water film distributors
provided on each of said corresponding heat exchanging pipes respectively for guiding
said cooling water flowing through said corresponding heat exchanging pipes in thin

water film therealong.

25. The multiple-effect evaporative condenser, as recited in claim 24, wherein
said third water collection basin has a third bottom tank panel, a second side tank panel,

a plurality of through third passage holes formed on said third bottom tank panel,
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wherein said cooling water dropping from said second fill material unit is arranged to
be collected at said third water collection basin and reaches said third cooling unit
through said third passage holes, wherein said cooling water passing through said third
cooling unit is arranged to be collected in said fourth water collection basin and is
pumped back to said first water collection basin for another cycle of heat exchange with

said refrigerant.

26. The multiple-effect evaporative condenser, as recited in claim 4, wherein
said first cooling unit comprises three of said heat exchanging pipes while said second
cooling unit comprises another three of said heat exchanging pipes, wherein said heat
exchanging pipes of said first cooling unit are immersed into said first water collection
basin which is communicated with said pumping device so that said cooling water is
first pumped into said first water collection basin for performing heat exchange with

said refrigerant flowing through said corresponding heat exchanging pipes.

27. The multiple-effect evaporative condenser, as recited in claim 26, wherein
said heat exchanging pipes of said second cooling unit are immersed into said second
water collection basin so that said cooling water coming from said first cooling unit is
arranged to perform heat exchange with said refrigerant flowing through said

corresponding heat exchanging pipes.

28. The multiple-effect evaporative condenser, as recited in claim 27, wherein
said first cooling unit further comprises a first supporting tray, and said first water
collection basin comprises a first tank body defining a first tank cavity for receiving
said cooling water, and a plurality of first water tubes spacedly formed in said first tank
body to define a plurality of first water channels within said first water tubes
respectively, wherein said first water tubes communicates said first tank cavity with
said first fill material unit so that said cooling water is capable of flowing from said

first water collection basin to said first supporting tray through said first water channels.

29. The multiple-effect evaporative condenser, as recited in claim 28, wherein
said cooling water is collected at said first supporting tray which further has a plurality

of through first passing holes formed thercon wherein said cooling water collected at
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said first supporting tray is allowed to flow into said first fill material unit through said

first passing holes.

30. The multiple-effect evaporative condenser, as recited in claim 29, wherein
cach of said first water tubes is mounted in said first water collection basin in such a
manner that a top opening of said first water tube is higher than said corresponding heat

exchanging pipes.

31. The multiple-effect evaporative condenser, as recited in claim 30, wherein
said second cooling unit further comprises a second supporting tray, and said second
water collection basin comprises a second tank body defining a second tank cavity for
receiving said cooling water coming from said first cooling unit, and a plurality of
second water tubes spacedly formed in said second tank body to define a plurality of
second water channels within said second water tubes respectively, wherein said second
water tubes communicate said second tank cavity with said second fill material unit so
that said cooling water is capable of flowing from said second water collection basin to

said second supporting tray through said second water channels.

32. The multiple-effect evaporative condenser, as recited in claim 31, wherein
said cooling water is collected at said second supporting tray which further has a
plurality of through second passing holes formed thereon wherein said cooling water
collected at said second supporting tray is allowed to flow into said second fill material

unit through said second passing holes.

33. The multiple-effect evaporative condenser, as recited in claim 32, wherein
cach of said second water tubes is mounted in said second water collection basin in
such a manner that a top opening of said second water tube is higher than said

corresponding heat exchanging pipes.

34. The multiple-effect evaporative condenser, as recited in claim 33, wherein
said second water collection basin further comprises a water guider inclinedly extended
in said second tank cavity in such a manner that said cooling water coming from said

first cooling unit is guided to flow into said second water collection basin through said
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water guider for performing heat exchange with said corresponding heat exchanging

pipes.

35. The multiple-effect evaporative condenser, as recited in claim 4, further
comprising a third cooling unit which is provided underneath said second cooling unit,
and a fourth water collection basin provided underneath said third cooling unit for
collecting said cooling water coming from said third cooling unit, wherein each of said
first cooling unit, said second cooling unit and said third cooling unit comprises five of

said heat exchanging pipes.

36. The multiple-effect evaporative condenser, as recited in claim 4, wherein
said first cooling unit further comprises a first refrigerant inlet pipe for entry of said
refrigerant, and a first refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said first refrigerant inlet pipe and said first

refrigerant outlet pipe.

37. The multiple-effect evaporative condenser, as recited in claim 36, wherein
said second cooling unit further comprises a second refrigerant inlet pipe connected to
said first refrigerant outlet pipe, and a second refrigerant outlet pipe, wherein said
corresponding heat exchanging pipes are extended between said second refrigerant inlet

pipe and said second refrigerant outlet pipe.

38. The multiple-effect evaporative condenser, as recited in claim 37, wherein
said third cooling unit further comprises a third refrigerant inlet pipe connected to said
second refrigerant outlet pipe, and a third refrigerant outlet pipe, wherein said
corresponding heat exchanging pipes are extended between said third refrigerant inlet

pipe and said third refrigerant outlet pipe.

39. The multiple-effect evaporative condenser, as recited in claim 36, wherein
said refrigerant entering said first refrigerant inlet pipe is bifurcated to flow into said
five corresponding heat exchanging pipes in said first cooling unit, wherein said
corresponding heat exchanging pipes are immersed into said first water collection

basin.
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40. The multiple-effect evaporative condenser, as recited in one of the claims
38 and 39, wherein said heat exchanging pipes in said second cooling unit are immersed
into said second water collection basin so that said cooling water coming from said first
cooling unit is arranged to perform heat exchange with said refrigerant flowing through

said corresponding heat exchanging pipes of said second cooling unit.

41. The multiple-effect evaporative condenser, as recited in claim 40, wherein
said first cooling unit further comprises a first supporting tray, and said first water
collection basin comprises a first tank body defining a first tank cavity for receiving
said cooling water, and a plurality of first water tubes spacedly formed in said first tank
body to define a plurality of first water channels within said first water tubes
respectively, wherein said first water tubes communicate said first tank cavity with said
first fill material unit through said first supporting tray and said cooling water is capable
of flowing from said first water collection basin to said first supporting tray through

said first water channels.

42. The multiple-effect evaporative condenser, as recited in claim 41, wherein
said cooling water is collected at said first supporting tray which further has a plurality
of through first passing holes formed thereon, wherein said cooling water collected at
said first supporting tray is allowed to flow into said first fill material unit through said

first passing holes.

43. The multiple-effect evaporative condenser, as recited in claim 42, wherein
cach of said first water tubes is mounted in said first water collection basin in such a
manner that a top opening of said first water tube is higher than said corresponding heat

exchanging pipes.

44. The multiple-effect evaporative condenser, as recited in claim 43, wherein
said second cooling unit further comprises a second supporting tray, and said second
water collection basin comprises a second tank body defining a second tank cavity for
receiving said cooling water coming from said first cooling unit, and a plurality of
second water tubes spacedly formed in said second tank body to define a plurality of
second water channels within said second water tubes respectively, wherein said second

water tubes communicate said second tank cavity with said second fill material unit
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which so that said cooling water is capable of flowing from said second water collection

basin to said second supporting tray through said second water channels.

45. The multiple-effect evaporative condenser, as recited in claim 44, wherein
said cooling water is collected at said second supporting tray which further has a
plurality of through second passing holes formed therecon, wherein said cooling water
collected at said second supporting tray is allowed to flow into said second fill material

unit through said second passing holes.

46. The multiple-effect evaporative condenser, as recited in claim 45, wherein
cach of said second water tubes is mounted in said second water collection basin in
such a manner that a top opening of said second water tube is higher than said

corresponding heat exchanging pipes.

47. The multiple-effect evaporative condenser, as recited in claim 46, wherein
said second water collection basin further comprises a first water guider inclinedly
extended in said second tank cavity in such a manner that said cooling water coming
from said first cooling unit is guided to flow into a lower portion of said second water
collection basin through said first water guider for performing heat exchange with said
heat exchanging pipes, wherein said first water guider is mounted above second water

tubes.

48. The multiple-effect evaporative condenser, as recited in claim 47, wherein
said first water guider has a first inclined portion inclinedly extended from said top side
edge portion of said second water collection basin to an opposite side portion of said
second water collection basin for guiding said cooling water coming from said first fill
material unit to slide inclinedly on said first inclined portion, and a first guiding portion
downwardly and substantially vertically extended from said first inclined portion to
said second tank cavity so that said cooling water sliding on said first inclined portion
is guided to flow into a lower portion of said second tank cavity and perform heat

exchange with said corresponding heat exchanging pipes.

49. The multiple-effect evaporative condenser, as recited in claim 48, wherein

said third cooling unit further comprises a third supporting tray, and said third water
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collection basin comprises a third tank body defining a third tank cavity for receiving
said cooling water coming from said second cooling unit, and a plurality of third water
tubes spacedly formed in said third tank: body to define a plurality of third water
channels within said third water tubes respectively, wherein said third water tubes
communicate said third tank cavity with said third fill material unit so that said cooling
water is capable of flowing from said third water collection basin to said third

supporting tray through said third water channels.

50. The multiple-effect evaporative condenser, as recited in claim 49, wherein
said cooling water is collected at said third supporting tray which further has a plurality
of through third passing holes formed thereon, wherein said cooling water collected at
said third supporting tray is allowed to flow into said third fill material unit through

said second passing holes.

51. The multiple-effect evaporative condenser, as recited in claim 50, wherein
cach of said third water tubes is mounted in said third water collection basin in such a
manner that a top opening of said third water tube is higher than said corresponding

heat exchanging pipes.

52. The multiple-effect evaporative condenser, as recited in claim 51, wherein
said third water collection basin further comprises a second water guider inclinedly
extended in said third tank cavity in such a manner that said cooling water coming from
said second cooling unit is guided to flow into a lower portion of said third water
collection basin through said second water guider for performing heat exchange with
said corresponding heat exchanging pipes, wherein said second water guider is

mounted above said third water tubes.

53. The multiple-effect evaporative condenser, as recited in claim 52, wherein
said second water guider has a second inclined portion inclinedly extended from a top
side edge portion of said third water collection basin to an opposite side portion of said
third water collection basin for guiding said cooling water coming from said second fill
material unit to slide inclinedly on said second inclined portion, and a second guiding
portion downwardly and substantially vertically extended from said second inclined

portion to said third tank cavity so that said cooling water sliding on said second
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inclined portion is guided to flow into a lower portion of said third tank cavity and

perform heat exchange with said corresponding heat exchanging pipes.

54. The multiple-effect evaporative condenser, as recited in claim 1, further
comprising a second cooling unit provided underneath said first cooling unit for further
reducing said temperature of said cooling water, wherein said second water collection
basin is positioned underneath said second cooling unit for collecting said cooling water
coming from said second cooling unit, wherein said second cooling unit comprises a
plurality of heat exchanging pipes, and a predetermined amount of second fill material
unit, wherein said cooling water collected in said second water collection basin is
arranged to flow through exterior surfaces of said heat exchanging pipes of said second

cooling unit and said second fill material unit.

55. The multiple-effect evaporative condenser, as recited in claim 54, wherein
said first water collection basin has a first bottom tank panel, a first side tank panel, a
plurality of through first passage holes formed on said bottom tank panel, wherein said
cooling water is arranged to be pumped into said first water collection basin and reach

said first cooling unit through said first passage holes.

56. The multiple-effect evaporative condenser, as recited in claim 55, wherein
said first cooling unit further comprises a first refrigerant inlet pipe for entry of said
refrigerant, and a first refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said first refrigerant inlet pipe and said first

refrigerant outlet pipe.

57. The multiple-effect evaporative condenser, as recited in claim 56, wherein
said second cooling unit further comprises a second refrigerant inlet pipe for entry of
said refrigerant, and a second refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said second refrigerant inlet pipe and said

second refrigerant outlet pipe.

58. The multiple-effect evaporative condenser, as recited in claim 57, wherein
cach of said first refrigerant inlet pipe and said first refrigerant outlet pipe comprises a

blocking member mounted therein for guiding a flow of said refrigerant.
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59. The multiple-effect evaporative condenser, as recited in claim 58, wherein
cach of said second refrigerant inlet pipe and said second refrigerant outlet pipe

comprises a blocking member mounted therein for guiding a flow of said refrigerant.

60. The multiple-effect evaporative condenser, as recited in claim 1, further
comprising a second cooling unit provided underneath said first cooling unit, and a third
cooling unit provided underneath said second cooling unit for further reducing said
temperature of said cooling water, wherein said second water collection basin is
positioned underneath said third cooling unit for collecting said cooling water coming
from said third cooling unit, wherein said second cooling unit comprises a plurality of
heat exchanging pipes, and a predetermined amount of second fill material unit,
wherein said cooling water from said first cooling unit is arranged to flow through
exterior surfaces of said heat exchanging pipes of said second cooling unit and said
second fill material unit, wherein said third cooling unit comprises a plurality of heat
exchanging pipes, and a predetermined amount of third fill material unit, wherein said
cooling water from said second cooling unit is arranged to flow through exterior
surfaces of said heat exchanging pipes of said third cooling unit and said third fill

material unit.

61. The multiple-effect evaporative condenser, as recited in claim 60, further
comprising two pumping devices, and a plurality of basin partitioning plates provided
on said first water collection basin and said second water collection basin, wherein said
basin partitioning plates are spacedly provided on said first water collection basin and
divide said first water collection basin into first through third water collection
compartments, wherein said basin partitioning plate are spacedly provided on said
second water collection basin and divide said second water collection basin into fourth

through sixth water collection compartment.

62. The multiple-effect evaporative condenser, as recited in claim 61, wherein
said first fill material unit comprises first through third fill material pack, wherein said
second fill material unit which comprises fourth through sixth fill material pack,

wherein said third fill material unit comprises seventh through ninth fill material pack.
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63. The multiple-effect evaporative condenser, as recited in claim 62, wherein
said cooling water collected in said first water collection compartment is arranged to
flow through said first cooling unit, said second cooling unit, said third cooling unit and
is collected in said fourth water collection compartment of said second water collection
basin, wherein said cooling water collected in said second water collection
compartment is arranged to flow through said first cooling unit, said second cooling
unit, said third cooling unit and is collected in said fifth water collection compartment
of said second water collection basin, wherein said cooling water collected in said third
water collection compartment is arranged to flow through said first cooling unit, said
second cooling unit, said third cooling unit, and is collected in said sixth water
collection compartment of said second water collection basin, wherein each of said
pumping devices is arranged to pump said cooling water circulating between two
corresponding water collection compartments of said first water collection basin and

said second water collection basin.

64. The multiple-effect evaporative condenser, as recited in claim 63, wherein
said cooling water collected at said first water collection compartment is arranged to
flow through, sequentially, three of said corresponding heat exchanging pipes of said
first cooling unit, said first fill material pack, three of said corresponding heat
exchanging pipes of said second cooling unit, said fourth fill material pack, three of
said corresponding heat exchanging pipe of said third cooling unit, said seventh fill

material pack, and said fourth water collection compartment.

65. The multiple-effect evaporative condenser, as recited in claim 64, wherein
said cooling water collected at said first water collection compartment is arranged to
flow through, sequentially, three of said corresponding heat exchanging pipes of said
first cooling unit, said second fill material pack, three of said corresponding heat
exchanging pipes of said second cooling unit, said fifth fill material pack, three of said
corresponding heat exchanging pipe of said third cooling unit, said eighteen fill material

pack, and said fifth water collection compartment.

66. The multiple-effect evaporative condenser, as recited in claim 65, wherein
said cooling water collected at said first water collection compartment is arranged to

flow through, sequentially, three of said corresponding heat exchanging pipes of said
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first cooling unit, said third fill material pack, three of said corresponding heat
exchanging pipes of said second cooling unit, said sixth fill material pack, three of said
corresponding heat exchanging pipe of said third cooling unit, said ninth fill material

pack, and said sixth water collection compartment.

67. The multiple-effect evaporative condenser, as recited in claim 66, wherein
said first cooling unit further comprises a first refrigerant inlet pipe for entry of said
refrigerant, and a first refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said first refrigerant inlet pipe and said first

refrigerant outlet pipe.

68. The multiple-effect evaporative condenser, as recited in claim 67, wherein
said second cooling unit further comprises a second refrigerant inlet pipe for entry of
said refrigerant, and a second refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said second refrigerant inlet pipe and said

second refrigerant outlet pipe.

69. The multiple-effect evaporative condenser, as recited in claim 68, wherein
said third cooling unit further comprises a third refrigerant inlet pipe for entry of said
refrigerant, and a third refrigerant outlet pipe, wherein said corresponding heat
exchanging pipes are extended between said third refrigerant inlet pipe and said third

refrigerant outlet pipe.

70. The multiple-effect evaporative condenser, as recited in claim 69, wherein
cach of said first refrigerant inlet pipe and said first refrigerant outlet pipe comprises a
blocking member mounted therein for guiding a flow of said refrigerant through said

heat exchanging pipes in a predetermined manner.

71. The multiple-effect evaporative condenser, as recited in claim 70, wherein
cach of said second refrigerant inlet pipe and said second refrigerant outlet pipe
comprises a blocking member mounted therein for guiding a flow of said refrigerant

through said heat exchanging pipes in a predetermined manner.
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72. The multiple-effect evaporative condenser, as recited in claim 71, wherein
cach of said third refrigerant inlet pipe and said third refrigerant outlet pipe comprises
a blocking member mounted therein for guiding a flow of said refrigerant through said

heat exchanging pipes in a predetermined manner.

73. The multiple-effect evaporative condenser, as recited in claim 5, wherein
said first fill material unit comprises a first fill material pack and a second fill material

pack.

74. The multiple-effect evaporative condenser, as recited in claim 73, wherein
said second water collection basin has a second bottom tank panel, a second side tank
panel, a plurality of through second passage holes formed on said second bottom tank
panel, wherein said cooling water dripping from said first fill material unit is arranged
to be collected at said second water collection basin and reaches said second cooling

unit through said second passage holes.

75. The multiple-effect evaporative condenser, as recited in claim 74, further
comprising a plurality of basin partitioning plates provided on said first water collection
basin, said second water collection basin, and said third water collection basin
respectively, wherein said basin partitioning plates provided on said first water
collection basin divide said first water collection basin into a first and a second water
collection compartments, wherein said basin partitioning plate provided on said second
water collection basin divide said second water collection basin into a third and a fourth
water collection compartment, wherein said basin partitioning plate provided on said
third water collection basin divide said third water collection basin into a fifth and a
sixth water collection compartment, wherein said cooling water collected in said first
water collection compartment is arranged to flow through said first cooling unit, said
third water collection compartment of said second cooling unit, and is collected in said
fifth water collection compartment of said third water collection basin, wherein said
cooling water collected in said second water collection compartment is arranged to flow
through said first cooling unit, said fourth water collection compartment of said second
cooling unit, and is collected 111 said sixth water collection compartment of said third

water collection basin.
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76. The multiple-effect evaporative condenser, as recited in claim 75, wherein
said second fill material unit comprises a third fill material pack and a fourth fill

material pack.

77. The multiple-effect evaporative condenser, as recited in one of the claims
16, 25, 34, 53, 59, 72 and 76, wherein each of said heat exchanging pipes comprises a
pipe body, a plurality of inner heat exchanging fins spacedly and protrudedly extended
along an inner surface of said pipe body in a spiral manner for enhancing heat exchange
surface area of said corresponding heat exchanging pipe, and for guiding a fluid flow
on said inner surface of said corresponding heat exchange pipe along said spiral path of
said inner heat exchanging fins, and a plurality of outer heat exchanging fins spacedly
and protrudedly extended along an outer surface of said pipe body for enhancing heat
exchange surface area of said corresponding heat exchanging pipe and for guiding a
fluid flow on said outer surface of said corresponding heat exchange pipe along said

outer heat exchanging fins.

78. A high efficiency heat exchanging pipe, comprising: a pipe body; a
plurality of inner heat exchanging fins spacedly and protrudedly extended along an
inner surface of said pipe body in a spiral manner for enhancing heat exchange surface
arca of said corresponding heat exchanging pipe, and for guiding a fluid flow on said
inner surface of said corresponding heat exchange pipe along said spiral path of said
inner heat exchanging fins; and a plurality of outer heat exchanging fins spacedly and
protrudedly extended along an outer surface of said pipe body for enhancing heat
exchange surface area of said corresponding heat exchanging pipe and for guiding a
fluid flow on said outer surface of said corresponding heat exchange pipe along said

outer heat exchanging fins.

79. The heat exchanging pipe, as recited in claim 78, wherein each of said
inner heat exchanging fins and said outer heat exchanging fins has an I-shaped cross

section.

80. The heat exchanging pipe, as recited in claim 78, wherein each of said
inner heat exchanging fins and said outer heat exchanging fins has a L-shaped cross

section.

82



10

15

20

25

WO 2013/159079 PCT/US2013/037505

81. The heat exchanging pipe, as recited in claim 78, wherein each of said
inner heat exchanging fins and said outer heat exchanging fins has a T-shaped cross

section.

82. The heat exchanging pipe, as recited in one of the claims 78, 79, 80 and
81, wherein each of said inner heat exchanging fins and said outer heat exchanging fins
are coated with a chemical layer so as to facilitate casy detachment of dirt from said

inner and outer heat exchanging fins.

83. The heat exchanging pipe, as recited in one of the claims 78, 79, 80 and
81, further comprising an outer protective pipe having a diameter such that said pipe
body and said outer heat 5 exchange fins are capable of inserting into said outer

protective pipe.

84. The heat exchanging pipe, as recited in claim 78, wherein said outer heat
exchanging fins are spacedly and outwardly extended from an outer surface of said pipe
body, wherein each of said outer heat exchanging fins is circumferentially extended
from said outer surface of said pipe body to form a heat exchanging panel for
performing heat exchange with a corresponding heat exchange medium flowing along

said outer surface of said pipe body.

85. The heat exchanging pipe, as recited in claim 84, wherein each of said
outer heat exchanging fins further has a plurality of through guiding holes spacedly

provided thereon for facilitating flowing of fluid across said outer heat exchanging fins.

86. The heat exchanging pipe, as recited in claim 85, wherein each of said
outer heat exchanging fins further has a plurality of indentions formed thereon for
further maximizing a surface area for heat exchange between said outer heat

exchanging fins and said fluid flowing across said corresponding heat exchanging

pipes.

87. A heat exchanger for facilitating heat exchange between a predetermined
amount of water and a predetermined amount of refrigerant, comprising: a heat

exchanger housing having a water inlet, a water outlet, a refrigerant inlet, a refrigerant
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outlet, and a cover detachably provided on said heat exchanger housing, an upper water
chamber provided on an upper portion of said heat exchanger housing, and is
communicated with said water outlet; a lower water chamber provided on a lower
portion of said heat exchanger housing, and is communicated with said water inlet; and
at least one heat exchanging pipe extended between said upper water chamber and said
lower water chamber, wherein water having a relatively low temperature is arranged to
enter said heat exchanger through said water inlet and temporarily store in said lower
water chamber, wherein said water is pumped up said heat exchanger housing through
said heat exchanging pipes and temporarily store in said upper water chamber and
leaves said heat exchanger through said water outlet, wherein said heat exchanging pipe
comprises a pipe body, a plurality of inner heat exchanging fins inwardly extended from
said pipe body, and a plurality of outer heat exchanging fins outwardly extended from
said pipe body; wherein said refrigerant is guided to enter said heat exchanger through
said refrigerant inlet and flow through an exterior of outer heat exchanging fins of said
heat exchanging pipes for performing heat exchange with said water flowing through
said corresponding inner heat exchanging fins of said heat exchanging pipes, wherein
heat is absorbed by said refrigerant which becomes evaporated, wherein vapor of said

refrigerant is then guided to leave said heat exchanger through said refrigerant outlet.

88. The heat exchanger, as recited in claim 87, further comprising a feedback
arrangement comprising a feedback outlet, a feedback inlet, and a feedback pipe
connecting said feedback outlet and said feedback inlet, wherein incompletely
evaporated refrigerant is arranged to be fed back to said heat exchanger through said
feedback outlet and said feedback inlet for performing another cycle of heat exchange
so as to allow said incompletely evaporated refrigerant to be fully evaporated before
leaving said heat exchanger and goes back to said compressor or other components of

said air conditioning system.

89. The heat exchanger, as recited in claim 88, further comprising a plurality
of heat exchanging pipe and a refrigerant distributor provided in said upper water
chamber for guiding said refrigerant coming from said refrigerant inlet to flow across
said heat exchanging pipes, wherein said refrigerant distributor comprises a main

guiding pipe extended form said refrigerant inlet, a plurality of distributing branches
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transversely and spacedly extended from said main guiding pipe, wherein each of said

distributing branches has a spraying nozzle formed at said end portion thereof.

90. The heat exchanger, as recited in claim 89, wherein said refrigerant
distributor further comprises a division member mounted in said heat exchanger
housing at a position above said spraying nozzles, and a guider panel transversely and
spacedly mounted underneath said division member to define a gas cavity between said
division member and said guider panel, wherein said refrigerant flowing through said

distributing branches are sprayed in said gas cavity in a quasi gaseous state.

91. The heat exchanger, as recited in claim 90, wherein said guider panel has
a plurality of through guider holes spacedly formed therecon, wherein said heat
exchanging pipes are arranged to extend between said upper water chamber and said
lower water chamber through said guider holes, wherein a diameter of each of said
guiding holes is slightly larger than an outer diameter of said corresponding heat
exchanging pipes so that said refrigerant in liquid state is able to pass through said small
gap between said heat exchanging pipes and corresponding sidewalls of said guiding

holes and reach said lower portion of said heat exchanger housing from said gas cavity.

92. The heat exchanger, as recited in claim 91, further comprising a plurality
of diverting panels transversely, suspendedly and spacedly mounted in said heat
exchanger housing at a position underneath said guider panel, wherein each two of said
adjacent diverting panels is mounted at opposite sidewalls of said heat exchanger
housing, and a diameter of each of said diverting panels is smaller than that of said heat
exchanging housing so as form a predetermined passage space between an inner end of
said diverting panels and said corresponding opposite sidewall of said heat exchanger
housing, wherein said passage spaces of said diverting panels constitute a passage
channel for evaporated refrigerant to flow from an upper portion of said heat exchanger

housing to a lower portion thereof.

93. The heat exchanger, as recited in claim 92, wherein each of said diverting
panels has a plurality of passage holes spacedly formed thereon and is aligned with said
guiding holes respectively, wherein said heat exchanging pipes are arranged to pass

through said passage holes, wherein a diameter of each of said passage holes is slightly
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larger than an outer diameter of said corresponding heat exchanging pipes so that
refrigerant in said liquid state is able to pass through said small gap between said heat

exchanging pipes and corresponding sidewalls of said passage holes.

94. The heat exchanger, as recited in claim 93, wherein said feedback
arrangement further comprises a residue collection chamber provided at a lower portion
of said heat exchanger housing and is communicated with said feedback outlet in such
a manner that un-evaporated refrigerant is arranged to be guided and collected in said

residue collection chamber.

95. The heat exchanger, as recited in claim 88, further comprising a plurality
of heat exchanging pipe and a refrigerant distributor which comprises a main guiding
pipe extended from said refrigerant inlet and a plurality of distributing branches
extended from said main guiding pipe which are provided at an exterior of said heat

exchanger housing.

96. The heat exchanger, as recited in claim 95, wherein said refrigerant
distributor further comprises a division member mounted in said heat exchanger
housing, and a guider panel transversely and spacedly mounted underneath said
division member to define a gas cavity between said division member and said guider
panel, wherein each of said distributing branches are directly extended to said gas cavity

for allowing liquid refrigerant to perform heat exchange with said heat exchanging

pipes.

97. The heat exchanger, as recited in claim 96, wherein said guider panel has
a plurality of through guider holes spacedly formed therecon, wherein said heat
exchanging pipes are arranged to extend between said upper water chamber and said
lower water chamber through said guider holes, wherein a diameter of each of said
guiding holes is slightly larger than an outer diameter of said corresponding heat
exchanging pipes so that said refrigerant in liquid state is able to pass through said small
gap between said heat exchanging pipes and corresponding sidewalls of said guiding

holes and reach said lower portion of said heat exchanger housing from said gas cavity.
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98. The heat exchanger, as recited in claim 97, further comprising a plurality
of diverting panels transversely, suspendedly and spacedly mounted in said heat
exchanger housing at a position underneath said guider panel, wherein each two of said
adjacent diverting panels is mounted at opposite sidewalls of said heat exchanger
housing, and a diameter of each of said diverting panels is smaller than that of said heat
exchanging housing so as form a predetermined passage space between an inner end of
said diverting panels and said corresponding opposite sidewall of said heat exchanger
housing, wherein said passage spaces of said diverting panels constitute a passage
channel for evaporated refrigerant to flow from an upper portion of said heat exchanger

housing to a lower portion thereof.

99. The heat exchanger, as recited in claim 98, wherein each of said diverting
panels has a plurality of passage holes spacedly formed thereon and is aligned with said
guiding holes respectively, wherein said heat exchanging pipes are arranged to pass
through said passage holes, wherein a diameter of each of said passage holes is slightly
larger than an outer diameter of said corresponding heat exchanging pipes so that
refrigerant in said liquid state is able to pass through said small gap between said heat

exchanging pipes and corresponding sidewalls of said passage holes.

100. The heat exchanger, as recited in claim 99, wherein said feedback
arrangement further comprises a residue collection chamber provided at a lower portion
of said heat exchanger housing and is communicated with said feedback outlet in such
a manner that un-evaporated refrigerant is arranged to be guided and collected in said

residue collection chamber.

101. The heat exchanger, as recited in claim 100, wherein each of said heat
exchanging pipes comprises a pipe body, a plurality of inner heat exchanging fins
spacedly and protrudedly extended along an inner surface of said pipe body in a spiral
manner for enhancing heat exchange surface area of said corresponding heat
exchanging pipe, and for guiding a fluid flow on said inner surface of said
corresponding heat exchange pipe along said spiral path of said inner heat exchanging
fins, and a plurality of outer heat exchanging fins spacedly and protrudedly extended

along an outer surface of said pipe body for enhancing heat exchange surface area of
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said corresponding heat exchanging pipe and for guiding a fluid flow on said outer

surface of said corresponding heat exchange pipe along said outer heat exchanging fins.

102. The heat exchanger, as recited in claim 88, further comprising an inner
spiral guiding member mounted in said heat exchanging pipe, wherein an outer
diameter of said inner spiral guiding member is slightly smaller than an inner diameter
of said heat exchanging pipe so that said inner spiral guiding member is prevented from

hitting said heat exchanging pipe.

103. The heat exchanger, as recited in claim 102, wherein said inner spiral
guiding member further has an inner spiral guider formed along an outer edge of said
inner spiral guiding member for preventing said inner spiral guiding member from

hitting said heat exchanging pipe.

104. The heat exchanger, as recited in claim 103, wherein said heat
exchanging pipe comprises a pipe body, a plurality of inner heat exchanging fins
spacedly and protrudedly extended along an inner surface of said pipe body in a spiral
manner for enhancing heat exchange surface area of said corresponding heat
exchanging pipe, and for guiding a fluid flow on said inner surface of said
corresponding heat exchange pipe along said spiral path of said inner heat exchanging
fins, and a plurality of outer heat exchanging fins spacedly and protrudedly extended
along an outer surface of said pipe body for enhancing heat exchange surface area of
said corresponding heat exchanging pipe and for guiding a fluid flow on said outer

surface of said corresponding heat exchange pipe along said outer heat exchanging fins.

105. The heat exchanger, as recited in claim 104, wherein said inner spiral
guiding member spirally extends along a longitudinally direction of said heat
exchanging housing and is arranged to be extended along a direction which is opposite

to said spirally extending inner heat exchanging fins of said heat exchanging pipe.

106. The heat exchanger, as recited in claim 104, further comprising a
plurality of outer spiral guiding members spirally, inwardly and inclinedly extended
along an inner surface of said heat exchanger housing to form a plurality of outer spiral

guiders, wherein said vapor refrigerant from said refrigerant inlet is arranged to hit said
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spiral guiding members and flow towards said outer heat exchanging fins of said heat

exchanging pipe.

107. The heat exchanger, as recited in claim 106, wherein a vertical distance
between each two adjacent outer spiral guiders is increasing with decreasing height of

said heat exchanger housing.

108. The heat exchanger, as recited in claim 107, further comprising an outer
guider provided along a longitudinal direction along an inner surface of said heat
exchanger housing for adjusting and guiding a flowing path of said refrigerant flowing
through a space between said outer heat exchanging fins and said inner surface of said

heat exchanging housing.

109. The heat exchanger, as recited in claim 88, further comprising cover
provided on said heat exchanger housing, and a detachable arrangement which
comprises a first flange and a second flange connecting said cover to said heat
exchanger housing, wherein said first flange has a plurality of first connecting holes
spacedly formed therecon, wherein said first flange connects said heat exchanger
housing with said cover through a plurality of connectors penetrating through said first

connecting holes.

110. The heat exchanger, as recited in claim 109, wherein said detaching
arrangement further comprises a supporting frame detachably connecting said cover
and said heat exchanging pipe, wherein said second flange has a plurality of second
connecting holes, wherein said supporting frame is connected to said second flange
which is in tum connected to said first flange through a plurality of connectors

penetrating though said second connecting holes.

111. The heat exchanger, as recited in claim 110, wherein said second flange
has a diameter smaller than that of said first flange, so that said cover is capable of
covering said second flange and said heat exchanging pipe when said cover is connected

to said first flange.
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112. The heat exchanger, as recited in claim 111, wherein said detaching
arrangement further comprises a sealing member secured between said second flange
and said heat exchanging pipe through a plurality of securing screws mounted on said

second flange.

113. The heat exchanger, as recited in claim 112, wherein said supporting
frame comprises a first and a second supporter member connected with each other in a

cross manner for connecting with said second flange.

114. The heat exchanger, as recited in claim 113, wherein each of said heat
exchanging pipes comprises a pipe body, a plurality of inner heat exchanging fins
spacedly and protrudedly extended along an inner surface of said pipe body in a spiral
manner for enhancing heat exchange surface area of said corresponding heat
exchanging pipe, and for guiding a fluid flow on said inner surface of said
corresponding heat exchange pipe along said spiral path of said inner heat exchanging
fins, and a plurality of outer heat exchanging fins spacedly and protrudedly extended
along an outer surface of said pipe body for enhancing heat exchange surface area of
said corresponding heat exchanging pipe and for guiding a fluid flow on said outer

surface of said corresponding heat exchange pipe along said outer heat exchanging fins.

115. A cooling device for cooling a predetermined amount of refrigerant,
comprising: a tubular housing having a refrigerant entrance formed at a bottom portion
thereof, and a refrigerant exit formed at a top portion of said tubular housing, wherein
said refrigerant is arranged to enter said tubular housing through said refrigerant
entrance, while said refrigerant is arranged to leave said cooling device through said
refrigerant exit, wherein said tubular housing further has a water entrance provided at
a top portion thereof, and a water exit provided at a bottom portion of said tubular
housing, wherein water is arranged to flow into said tubular housing through said water
entrance; and a heat exchanging pipe extended from said refrigerant entrance and said
refrigerant exit, wherein said refrigerant is arranged to flow through said heat
exchanging pipe in said tubular housing, wherein said water flowing through said
tubular housing is arranged to perform heat exchange with said refrigerant flowing

through said heat exchanging pipe.
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116. The cooling device, as recited in claim 115, further comprising a plurality
of water diverters spacedly extended from inner sidewall of said tubular housing in such
a manner that each of said water diverters is orientated such that when said water is hit
thereon, said water is guided to flow towards said opposite water diverter at a next lower
level while passing through an exterior surface of said heat exchanging pipe for

performing heat exchange with said refrigerant flowing through said heat exchanging

pipe.

117. The cooling device, as recited in claim 116, wherein said tubular housing
comprises a first and a second housing body detachably attached with each other to
form said tubular housing, wherein each of said first and said second housing body has

a semicircular cross section and is detachably connected with each other.

118. The cooling device, as recited in claim 116, wherein each of said heat
exchanging pipes comprises a pipe body, a plurality of inner heat exchanging fins
spacedly and protrudedly extended along an inner surface of said pipe body in a spiral
manner for enhancing heat exchange surface area of said corresponding heat
exchanging pipe, and for guiding a fluid flow on said inner surface of said
corresponding heat exchange pipe along said spiral path of said inner heat exchanging
fins, and a plurality of outer heat exchanging fins spacedly and protrudedly extended
along an outer surface of said pipe body for enhancing heat exchange surface area of
said corresponding heat exchanging pipe and for guiding a fluid flow on said outer

surface of said corresponding heat exchange pipe along said outer heat exchanging fins.

119. The cooling device, as recited in claim 117, wherein each of said heat
exchanging pipes comprises a pipe body, a plurality of inner heat exchanging fins
spacedly and protrudedly extended along an inner surface of said pipe body in a spiral
manner for enhancing heat exchange surface area of said corresponding heat
exchanging pipe, and for guiding a fluid flow on said inner surface of said
corresponding heat exchange pipe along said spiral path of said inner heat exchanging
fins, and a plurality of outer heat exchanging fins spacedly and protrudedly extended
along an outer surface of said pipe body for enhancing heat exchange surface area of
said corresponding heat exchanging pipe and for guiding a fluid flow on said outer

surface of said corresponding heat exchange pipe along said outer heat exchanging fins.
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