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(57) ABSTRACT 

Improved means for powering and increasing evaporative 
cooling in an indirect-direct evaporative cooling (IDEC) 
apparatus are disclosed. Sustainable energy from solar 
energy mixed with grid power, when needed, power the 
IDEC device. These DC and AC power sources are seam 
lessly merged in a unique diode interconnect unit. Improved 
means for evaporative cooling include a rayon-based ?ock 
ing on the wet side of molded plastic indirect evaporative 
cooling plates. Separate wet and dry passages through those 
plates are facilitated by a unique means for clamping the 
upper ends of the plates. These clamping means also add to 
the structural integrity of an array of plates so that the array 
can be inserted in and removed from a housing containing 
other operational components of the IDEC such as fan, 
direct cooling plates and water distribution means. Appli 
cants IDEC utilizes improved porous piping that allows 
uniform and continuous distribution of water to all wet 
passages within both the indirect and direct stages of the 
IDEC. Operational controls for the system limit the potential 
water damage caused by over?ow of water from the IDEC 
housing. 
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INDIRECT-DIRECT EVAPORATIVE COOLING 
SYSTEM OPERABLE FROM SUSTAINABLE 

ENERGY SOURCE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a highly ef?cient system 
and apparatus for supplying conditioned air to an interior 
space. The system utilizes tWo stage evaporative cooling to 
deliver conditioned air to living and Work spaces, namely 
indirect and direct cooling stages. Such cooling is often 
identi?ed by the acronym IDEC Which stands for indirect/ 
direct evaporative cooling. This invention seamlessly draWs 
operating poWer from multiple AC and DC sources includ 
ing a utility poWer grid and/or sustainable energy sources 
such as solar panels. A unique combination of indirect stage 
heat exchanger plate coatings and Water distribution mani 
folds enhances the operation of the IDEC apparatus used in 
the system. 

[0003] Other IDEC systems are described beloW. For 
example, US. Pat. No. 5,664,433 issued Sep. 9, 1997 to 
Davis Energy Group, Inc. (“Davis I”) describes an indirect 
direct evaporative cooling apparatus With a single initial 
stream exiting a bloWer at the bottom of the apparatus that 
splits into primary and secondary streams that How in a 
cross?oW pattern through the indirect evaporative cooling 
stage. The primary air stream is directed horizontally 
through the indirect cooling stage and then through the 
direct cooling stage. The secondary air stream is directed 
vertically through the indirect cooling stage to evaporatively 
cool the air passing therethrough. 

[0004] A pending application (Ser. No. 10737,823) 
assigned to the oWners of US. Pat. No. 5,664,433, Davis 
Energy Group, Inc., (“Davis II”) notes several limitations of 
the Davis I patent allegedly cured by the IDEC apparatus 
disclosed in that application. More speci?cally, Davis II 
relocates the air handling fan to the top of the apparatus 
Which reduces air How and Water handling problems appar 
ently experienced With apparatus disclosed in Davis I. Davis 
II also utiliZes a cross?oW air pattern for the indirect heat 
exchanger stage that simpli?es the construction of the appa 
ratus. According to Davis II, the cross?oW of air also 
increases the air path distance Which, in turn, increases the 
ef?ciency of the unit. Davis II also discloses a simpli?ed 
internal plate structure for the indirect cooling stage Which 
enables the plates to interlock into an assembly, yet maintain 
spacing of air (dry) and Water (Wet) channels on opposite 
sides of the plates. 

[0005] Another patent assigned to the Davis Energy 
Group, Inc. is US. Pat. No. 6,574,975 issued Jun. 10, 2003 
(“Davis III”). It discloses a system for distribution of Water 
in an evaporative cooling apparatus. More particularly, 
Water Which drips through evaporative cooling plates is 
collected in a sump and recycled to a Water distribution 
manifold above the plates. The manifold disclosed in Davis 
III is little more than a horiZontal perforated pipe Which 
sprays on the underside of a semi-circular distribution 
surface that disperses the sprayed Water over the top of the 
evaporative cooling media. (See reference numbers 3611, 60 
of FIG. 2). 
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[0006] Other approaches to Water distribution above 
evaporative cooling media are discussed in US. Pat. No. 
5,192,464 issued Mar. 9, 1993. This patent discloses Water 
distribution conduits 66 With discharge slots 68 cut in the top 
thereof (FIG. 5 and column 4, lines 46-6). The Water exiting 
those slots dribbles doWn in a rather uncontrolled fashion 
over the evaporative cooling media. In US. Pat. No. 5,349, 
829 Water distribution manifolds 152, 162 contain a plu 
rability of doWnWardly directed spray noZZles 154, 164 
Which discharge onto the top surface of the evaporative 
cooling media (FIG. 1; column 4, lines 56-67). Yet another 
Water distribution system for an evaporative cooler is illus 
trated in US. Pat. No. 4,427,607. In this patent outlets are 
located in the Water distribution manifold so that they align 
With the Wet side of evaporative cooling media. Conversely 
the dry side of the media is isolated from such outlets. (See 
FIG. 3 and column 3, lines 11-67). 

[0007] Another supplier of IDEC units is AdobeAir, Inc. 
of Phoenix, AriZ. Which sells such units under the MAS 
TERCOOL® trademark. AdobeAir’s Web page (WWW.ado 
be.com) describes IDEC units With vertical ?ns Which have 
Water running therethrough to cool outside air passing over 
the outside of the ?ns 

[0008] One approach to poWering cooling equipment, 
more particularly a regular compressor driven air condi 
tioner, is illustrated in US. Pat. No. 4,697,136 issued on 
Sep. 29, 1987. In this patent solar panels are connected in 
series as a source of direct current (DC). This DC solar 
poWer is supplemented or replaced With a commercial 
alternating current (AC) poWer source to run the air condi 
tioner. These dissimilar (AC and DC) poWer sources are 
Wired through an inverter system that provides ?exible 
utiliZation of DC solar poWer alone, DC in combination With 
AC poWer or AC poWer alone. Selection of poWer sources 
is determined by a controller Which sWitches poWer sources 
and inverters into and out of the poWer supply to the cooling 
equipment as illustrated in the only draWing in the patent 
(See also column 2, lines 29-64). US. Pat. No. 6,583,522 
issued Jun. 24, 2003 describes a sWitching system that 
permits control of solar poWer by selective con?guration of 
solar panels into series, parallel or seriesiparallel arrange 
ments. This sWitching system permits control of voltage and 
amperage out of the solar panel. Another use of solar poWer 
in a cooling system in disclosed in US. Pat. No. 4,281,515 
issued Aug. 4, 1981 to Energy Wise, Inc. ofLodi, Calif. This 
patent discloses use of solar heat (not poWer) linked to the 
absorption refrigeration cycle of a cooling system. 

SUMMARY OF THE INVENTION 

[0009] Indirect/direct evaporative coolers are Well suited 
for operation With sustainable energy, particularly solar 
poWer. More particularly, IDECs operate best in loW humid 
ity climates such as those found in the southWest quadrant of 
the United States. These areas of the country, coincidentally, 
have long periods of continuous sunshine that can be used to 
poWer solar panels. Thus, the marriage of solar poWer and 
IDECs offers a unique opportunity for cooling homes, 
of?ces, Work places and factories in that portion of the 
United States at minimum cost because most operating 
poWer can be supplied by the sun. One form of solar panel 
suitable for use in this invention is that offered by First Solar, 
LLC Perryburg, Ohio (WWW.?rstsolar.com). Even Without 
solar poWer, the IDEC disclosed herein provides highly 
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e?icient cooling With about an eighty percent (80%) reduc 
tion in poWer consumption compared to vapor compression 
air conditioning systems. In the preferred embodiment of 
applicants’ IDEC, both AC and DC are made available for 
its operation. The use of tWin poWer sources is facilitated by 
a unique arrangement of components. Unlike the prior art 
approach discussed above, applicants achieve a seamless 
blend of solar (DC) and grid (AC) poWer sources Without 
use of inverters. This arrangement alloWs applicants’ IDEC 
to be run during peak afternoon sun loads at little or no cost 
because solar poWer supplies substantially all of the energy 
needed to operate the IDEC. As the sun sets, the temperature 
of outside air also loWers thereby reducing the amount of 
cooling needed. Thus, applicant’s IDEC using solar poWer 
operates in synchronization With nature’s daily rhythm to 
supply cooled air throughout the day at little or no cost. 

[0010] These operational savings are also made possible 
by vastly improved Water distribution and Wetting Within 
applicants’ IDEC. A central operating principle of IDECs is 
the evaporation of Water from one (Wet) side of heat 
exchange plates Within the indirect stage of the IDEC. The 
greater the area of evaporation the greater the cooling in this 
stage of the IDEC. To increase the area of evaporation it is 
important that the Wet side of the heat exchange plates in an 
IDEC be completely and uniformly Wetted. That goal is 
accomplished in this invention in several Ways. First, the Wet 
side of the heat exchange plates is coated With a unique 
?ocked rayon-based material. This material absorbs and 
holds small amounts of Water in contact With the Wet side of 
the heat exchange plate. Once contacted by a continuous 
?oW of Water, this material evenly distributes and maintains 
a saturation state of its surface area as a result of its Wicking 
properties. As air is passed over the ?ocked material, the 
Water in that material evaporates thereby evaporatively 
cooling the heat exchange plate. Outside air passing on the 
other (dry) side of the heat exchange plate is thereby cooled 
before it is ultimately discharged into the occupied space. 
This ?ocked, rayon-based material, Which is bonded to 
plastic such as polyvinyl chloride (PVC), is available from 
Flock Tex Incorporated, Woonsocket, RI. and is sold under 
the Flock-Tex trademark (WWW.?ocktex.com). 

[0011] Another feature of this invention that contributes to 
the uniform Wetting of the ?ocked heat exchange plates is an 
improved Water distribution manifold. More speci?cally, 
applicants utiliZe porous plastic piping in their manifold to 
evenly supply and distribute Water to the heat exchange 
plates of the indirect cooling stage of the IDEC. This porous 
plastic material is also used to distribute Water to the 
foraminous material used in the direct cooling section of the 
IDEC. One type of porous plastic piping found particularly 
useful by applicants is porous high density polyethylene 
(HDPE) piping manufactured by Porex Corporation located 
in Fairburn, Ga. (WWW.porex.com). 

[0012] The indirect cooling section of applicants’ IDEC 
unit disclosed in Davis II includes parallel heat exchange 
plates to separate the Wet and dry passages through the heat 
exchanger. The alternating Wet and dry passages are formed 
by folding individual plastic sheeting, for example sheets 
made of PVC or polyethylene, into a U-shape. To create 
separate Wet and dry passages through the heat exchanger, it 
is necessary to effectively seal a portion of the upper edges 
of alternating Wet and dry passages at the top of the 
U-shaped plate pairs. More speci?cally, air that is to be 
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conditioned enters open passages into the dry side of the heat 
exchanger plates toWard the back of the heat exchanger 
immediately beloW a bloWer fan used to force air through the 
system. Conversely the alternating Wet passages (surfaces) 
in the indirect cooling stage are closed in the area immedi 
ately beneath the bloWer so that the air exiting the bloWer 
does not enter the Wet passages at this point. 

[0013] The forWard (toWard the conditioned air exit) por 
tion of the upper surface of the Wet passages in the indirect 
cooling section of the IDEC must, hoWever, be open to 
receive Water needed to evaporatively cool the plates of the 
heat exchanger. Thus, the upper edges of the Wet passages 
immediately beloW the fan bloWer exit must be closed, yet 
provide for an opening to receive Water elseWhere on that 
upper edge. This arrangement of openings is achieved by 
applicants’ use of a unique clamping arrangement of the 
plates across the top of the indirect cooling section of the 
IDEC. More speci?cally, across the area under the bloWer, 
the folded plates forming the Wet passages are clamped 
together With a rigid, corrosion-resistant U-shaped retaining 
clamp, preferably stainless steel or aluminum. In the area 
under the Water manifold the plates leading to the dry 
passages are clamped together to restrict entrance of Water 
to those passages, While conversely channeling Water from 
the manifold into the Wet passages. 

[0014] The Water path from manifold into the Wet pas 
sages is further assisted if the preferred porous plastic piping 
used in the manifold is in physical contact With the U-shaped 
clamps immediately under the manifold. Such contact 
improves the Water ?oW from the manifold into the Wet side 
of the plates. To further improve Water ?oW into and through 
the Wet side passages, the upper end of the Wet passages 
preferably contains a Water channel or groove from the front 
to back of the Wet (?ocked) side of the Wet passage plate. 
This channel collects Water from the manifold and the Water 
therein ?oWs to the back of the plate, thereby insuring 
complete Wetting of the Wet passages from front to back. 

[0015] The direct cooling section of applicants’ IDEC 
includes a foraminous member Which is Wetted by the same 
type of porous piping used to Wet the indirect cooling 
section. The foraminous member, typically a cellulose mate 
rial, is preferably formed as corrugated sheets With a mul 
tiplicity of polygonally shaped openings such as that 
described is U.S. Pat. No. 4,562,015 issued Dec. 31, 1985 to 
the Munters Corporation of Ft. Myers, Fla. This material is 
sold by the Munters Corporation under the trademark 
Celdek (WWW.munters.com). The direct cooling section of 
applicants’ IDEC cleanses, humidi?es and further cools the 
air previously conditioned in the indirect cooling section. 

[0016] The air ?oW pattern through applicants’ IDEC is 
generally as described in Davis II. All air processed through 
this system is fresh, outside air Which ?lls the area to be 
conditioned and exits through roof or attic vents. Internal 
recirculated air is not used. Outside, loW humidity air, at a 
typical temperature of 90°-ll0° F. is draWn into the system 
With a fan poWered by AC or DC as described above. The 
outside air exits the fan in an area above a portion of the 
plates of the indirect stage of the system. In this area of the 
plates, the entrance to the Wet side of the plates is blocked 
by the U-shaped clamps as previously described. This chan 
nels the entering outside air into the dry passages Within the 
plates. Within the dry passages, the hot outside air is in 
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contact With the plate surfaces that are being cooled by 
evaporation of Water on the Wet side of that plate in the 
indirect stage of the IDEC. Passage of loW humidity hot air 
through the indirect stage typically loWers the temperature 
of the air by about 10 to 20° F. The air temperature is further 
loWered by evaporative cooling in the direct stage so that it 
exits the IDEC into the conditioned space at a temperature 
of about 68° F. 

[0017] Because the foraminous member in the direct stage 
of the IDEC is relatively dense and provides some resistance 
to air How, not all air leaving the indirect stage passes 
through the direct stage into the conditioned space. About 
tWenty percent (20%) of the air exiting the dry passages of 
the indirect stage is de?ected back into the parallel Wet 
passages of the indirect stage to promote evaporative cool 
ing. After passing over the surfaces of the Wet passages, the 
air exits the IDEC into the outside air as an exhaust gas, 
typically at a temperature of about 80° F. 

[0018] As described in Davis II a rotationally molded 
outer housing or cabinet is preferably used to contain all 
components of the IDEC, including bloWer, indirect and 
direct cooling stages, and sump that holds Water that is 
pumped to the manifold. This outer cabinet is rigid With its 
front opening (conditioned space side) designed to hold the 
front face of the direct cooling stage described above. 
Immediately behind this section is the indirect cooling stage 
containing the folded plates also described above. It is 
important that these indirect and direct stages be serviceable, 
i.e., removable from the cabinet because they sometimes get 
fouled With Water minerals or otherWise lose their capacity 
to cool air. Applicant’s arrangement of plates facilitates this 
serviceability by providing structural integrity for groups of 
plates in the indirect cooling stage. More speci?cally, the 
aforementioned rigid, preferably stainless steel, clamps at 
the top of the indirect cooling plates, plus the relatively rigid 
material used in the plates, preferably PVC, provide a 
structural backbone for the plates that holds them in a 
semi-rigid state that facilitates their insertion, removal and 
replacement in the cabinet. 

[0019] Applicants’ apparatus also solves another problem 
With prior art IDECs, namely, potential over?oW and ?ood 
ing problems. IDECs can be located in attics or furnished 
spaces of residences. If the sump in the bottom of the IDEC 
over?oWs, Water damage to the underlying residential space 
may occur. To prevent this from occurring applicants’ IDEC 
has an emergency over?oW drain and shutoff sWitch, if and 
When, Water rises to an over?oW level in the sump. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic draWing shoWing the overall 
system for poWering the claimed evaporative cooling system 
from a sustainable energy source. 

[0021] FIG. 2 is an isometric vieW of the molded cabinet 
containing components of the evaporative cooling system. 

[0022] FIG. 3 is a schematic design of the electrical 
interconnects providing seamless supply of poWer from 
multiple poWer sources. 

[0023] FIG. 4 is a schematic top plan vieW shoWing a 
Water distribution manifold supplying Water to the indirect 
and direct evaporative cooling stages of the IDEC system. 
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[0024] FIG. 5 is a perspective vieW of an array of indirect 
evaporation cooling plates and the air ?oW therethrough. 

[0025] FIG. 6 is a side elevational vieW of the indirect 
evaporative cooling plates of the invention. 

[0026] FIG. 7 is a top plan vieW of several assembled 
indirect evaporative cooling plates. 

[0027] FIG. 8 is a fragmental cross sectional vieW in 
elevation taken along line 8-8 of FIG. 6. 

[0028] FIG. 9 is top plan vieW of the Water distribution 
manifold of this invention. 

[0029] FIG. 10 is a cross sectional end vieW taken along 
lines 10-10 of FIG. 9. 

[0030] FIG. 11 is a front elevational vieW shoWing the 
coated Water contact (Wet) surface of a typical indirect 
evaporative cooling plate. 
[0031] FIG. 12 is a front elevational vieW of the uncoated 
(dry) surface of a typical indirect evaporative cooling plate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The basic components of applicants’ IDEC 10 are 
schematically illustrated in FIG. 1. These components are 
preferably housed in a cabinet 12 Which is molded as a 
single plastic part as shoWn in FIG. 2. This one piece plastic 
construction of the cabinet 12 promotes ease of manufacture 
and reduces corrosion issues as noted in Davis II. This 
approach also facilitates assembly and replacement of parts 
in the cabinet of 12. 

[0033] For simplicity sake, the arrangement and function 
of basic sections of the cabinet 12 Will be described in a 
top-to-bottom sequence. The upper end 14 (as vieWed in 
FIG. 1) of the cabinet 12 has a volute shape With a generally 
circular outside air inlet 16 and a larger, generally rectan 
gular air outlet discharge 18. The air outlet discharge 18 
transitions into the larger, generally rectangular cross-sec 
tional body 20 of cabinet 12. A reservoir chamber 22 at the 
bottom of cabinet 12 rounds out the basic sections of the 
cabinet 12, Which is preferably formed as a rotationally 
molded product. 

[0034] To enhance structural integrity of cabinet 12, it 
should be molded With structural ribs 26 in a manner knoWn 
to those skilled in the art (See FIG. 2). This structural 
integrity is preferably built into the sides 28, 30 and top 32 
of cabinet body 20 as illustrated in FIG. 2. The front 34 of 
cabinet 12 through Which conditioned air passes and rear 36 
of cabinet body 20 through Which exhaust air passes are 
essentially open to discharge these air ?oWs from the cabinet 
12 (See FIG. 2). In addition, expanded area 37 of body 20 
is formed into the top 32 of body 20 of cabinet 12 to 
facilitate introduction of Water. Ribs 38 on the inside of 
cabinet body 20 can also be molded into cabinet 12 to 
support the cooling plates as discussed in more detail beloW. 

[0035] As shoWn in FIG. 1, fan motor 40 is mounted 
Within upper end 14 of cabinet 12. More particularly, brack 
ets 42 attached to the air inlet 16 of the upper end 14 of 
cabinet 20 are used to mount a fan in spaced relationship to 
the periphery of air inlet 16. A squirrel cage bloWer or fan 
41 is mounted on the shaft of motor 40 in a knoWn manner 
to draW outside air through air inlet 16 and force it through 
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air discharge 18 into the body 20 of cabinet 12. Fan Motor 
40 operates at variable speeds that are selected to meet the 
variable cooling loads experienced by a user of the IDEC 10. 
A preferred motor 40 for use in applicant’s system is an 
electronically-commutated motor (ECM) Which enables 
variable speed operation at high ef?ciency. ECMs are essen 
tially parallel-Wound direct current (DC) motors that can 
make ef?cient use of electric energy from both DC and AC 
poWer sources. 

[0036] The motor 40 having particular application in this 
invention is one that can selectively use DC poWer, for 
example, from a photovoltaic (PV) source such as a solar 
panel, and/or AC poWer supplied from a utility’s poWer grid. 
In this Way, poWer can be supplied to the motor 40 based on 
its availability. Since availability of PV energy is likely to be 
at a maximum on the hottest, sunniest days of the year When 
utilities are Working to meet peak demand, the disclosed 
system can be run by PV poWer Without adding to that peak 
demand. 

[0037] ECM fan motors 40 found to have these desired 
system operating characteristics are sold by General Electric 
Company as the “GE ECM 2.3 series”. Details of their 
operation are provided at WWW.geindustrial.com/cWc/prod 
ucts? Some operational features are also shoWn in Us. Pat. 
No. 4,757,241 issued Jul. 12, 1988. 

[0038] Since the ECM motor of choice basically operates 
on direct current (DC) its use, Without adaptation, Would not 
be particularly useful in the claimed system Which is oper 
ated from both AC and DC sources and combinations of 
such sources. Accordingly, applicants have connected the 
ECM motor to both sources through the diode interconnect 
box 44 illustrated in FIGS. 1 and 3. As shoWn in FIG. 1, DC 
poWer from a sustainable poWer source, for example, a solar 
panel, and AC poWer from a utility poWer grid are fed to the 
diode interconnect box 44 and poWer from that box is fed to 
fan motor 40. 

[0039] The diode interconnection of these poWer sources 
With fan motor 40 is schematically illustrated in FIG. 3. AC 
poWer 46 from the grid is fed to terminal block 48 Within box 
44 Which in turn is electrically connected to a diode bridge 
50 Which recti?es the AC input into positive and negative 
DC poWer. That DC poWer is fed over lines 52, 54, respec 
tively, to the ECM motor through terminal block 56 in diode 
interconnect box 44. DC poWer from, for example, an array 
of PV solar cells, is fed via lines 58, 60 to terminal block 62 
to a second diode bridge 64. The positive DC output of 
bridge 64 is fed by line 66 to line 52 containing the positive 
DC output exiting diode bridge 50. The negative DC output 
line 68 from diode bridge 64 is fed to line 54 carrying the 
negative output of diode bridge 50. This unique use of 
diodes avoids many of the problems With inverters used to 
control poWer from AC and DC sources such as the system 
disclosed in Us. Pat. No. 4,697,136 described above. 

[0040] As previously noted, the cooling ef?ciency of any 
IDEC is related to the amount of evaporation that occurs 
Within it. Degree of evaporation, in turn, is a function of the 
amount of Water evaporated. That depends to a large mea 
sure on the amount and area of Water available for evapo 

ration. In applicant’s IDEC, these tWin goals for improved 
evaporation are achieved in part With heat exchange plates 
70 having a unique con?guration, coating and clamping. The 
plates 70 can be formed in a thermoforming process that 
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processes a roll of plastic material, preferably polyvinyl 
chloride (PVC). The plates 70 are thermoformed With vari 
ous surface features Which facilitate their assembly into an 
indirect cooling section 72 of IDEC 10. Preferably, the plates 
are formed as pairs about vertical centerlines 74. The plates 
are folded along these centerlines 74 to form a folded edge 
76 that eliminates the need to seal that back edge (FIG. 5). 
Other features formed in the plastic heat exchange sheets 70 
include spacers 78 that keep the individual sides of each 
plate pair separated to facilitate passage of air betWeen 
plates. The front edge 80 of the plate pairs have interlocking 
snaps 82 that fasten the open edge 80 of the plate pairs in a 
spaced parallel orientation one to the other. Other snaps 82 
strategically placed throughout the plate 70 help to maintain 
the structural integrity of the plate pairs When folded (See 
FIG. 6). 

[0041] Also formed in the plates are air diverters 84 and 86 
that act as air foils directing air exiting from the air discharge 
area 18 throughout the area Within the dry passages. The 
bottom edge of the plates contain thermoformed ridges 88 
that align With each other to form a barrier to air, but not 
Water, passage out of the bottom of plates 70. 

[0042] After thermoforming the plates 70 With the various 
centerlines, diverters and snaps just described, the side of 
plate 70 that is exposed to Water (the “Wet” side) is coated 
With a hydrophilic material. While some suppliers of 
IDEC’ s, for example Adobe Air, Inc. mentioned above, have 
used hydrophilic material such as polyester in the indirect 
cooling sections of their IDECs, these materials have been 
found de?cient for a variety of reasons. Some of these 
materials, for instance, have a tendency to foam When 
Wetted Which reduces effectiveness. Others have not shoWn 
the durability needed to operate over long periods of time. 
Applicants have found a hydrophilic material 89 having 
substantially improved Wetting and durability characteristics 
for use in IDEC’s. This material is a ?ocked rayon material 
sold by Flock Tex Incorporated of Woonsocket, RI. (WWW 
.?ocktex.com) under the Flock Tex tradename. The Flock 
Tex material used as the hydrophilic layer 89 on plates 70 is 
a random cut rayon With an approximate length of 0.020 
inches and pile height of 0.005 inches. It has a density of 
about 1.3 ounces per square yard When applied to plates 70. 
It is affixed to heat exchange plate 70 With an adhesive such 
as a vinyl acetate momoner. 

[0043] The ?ocked rayon coated plates 70, forming the 
indirect cooling section 72, as mentioned above, are 
assembled in pairs around centerlines 74 so that the back 
edge 76 is closed and the front edges 80 are open. The 
thermoformed ridges 88 in the bottom of the plate pairs 70 
are turned toWard each other to block air ?oW out of the dry 
side of the plates, thereby assuring that substantially all air 
from fan 40 Will pass out the front end of the plate pairs in 
a manner described herein. On the Wet side of the plates, 
there is no corresponding ridge 88 and the Water on that side 
of plates 70 ?oWs by gravity into reservoir 22. 

[0044] FIG. 5 is a perspective vieW of the indirect heat 
exchange plates shoWing both air and Water ?oW patterns 
according to a preferred embodiment of the present inven 
tion. The indirect cooling section 72 uses parallel heat 
exchange plates 70 to separate dry passages 92 and Wet 
passages 94. The entering airstream travels vertically doWn 
Ward as it leaves the air discharge area 18 and enters the dry 
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passages 92 along their top back Zone, Where it is collec 
tively referred to as airstream 96 that divides among the dry 
passages 92. The heat exchange plates 70 are shaped such 
that the Wet passages 94 are closed Where they face the air 
discharge area 18 so that air leaving the fan blower 40 does 
not directly enter the Wet passages 94. Airstream 98 Within 
the plates 70 is assisted in its movement therethrough by air 
diverters 84 and 86. Upon exiting the dry passages 92, 
airstream 98 divides into tWo air streams. Airstream 100 
continues in the same direction as airstream 98 and enters 
the direct cooling stage 110, the other airstream 104 turns 
1800 and enters the Wet passages 94. 

[0045] The Water distribution route through Wet passages 
94 is illustrated in FIGS. 1 and 4. Water is introduced to the 
reservoir 22 via a ?ll valve 112 that may be electronically 
controlled based on the position of a ?oat sWitch 114. A 
pump 116 circulates Water from the reservoir 22 through a 
distribution pipe 118 to the top of the unit, Whereupon Water 
enters a distribution manifold 120 that apportions Water to 
both the indirect cooling section 72 and the direct cooling 
section 110 of IDEC 10. Water that is not evaporated ?oWs 
doWnWard by gravity through both stages and then back to 
the Water reservoir 22. In the process it distributes Water 
through the direct cooling stage 110 and the surfaces of the 
Wet passages 94 of the indirect cooling section 72. Water in 
the indirect cooling section 72 and the direct cooling section 
110 is evaporated by airstreams forced by fan bloWer 40. 
Water from the pump 116 is continuously recirculated dur 
ing IDEC operation. 

[0046] As noted above, several approaches to Water dis 
tribution in lDECs have been proposed. Each one has 
draWbacks because the distribution is not uniform across the 
entire Width of the indirect cooling section 72. Applicants 
have overcome this problem by fabricating their manifold 
120 from a unique porous material made by Porex Corpo 
ration. As noted above, this material uniformly “sWeats” or 
passes Water through its perimeter thus providing uniform 
Water distribution over the length of the manifold. As 
illustrated in FIGS. 4, 9-10, the manifold 120 preferably has 
a central inlet 122 Which supplies an “H”-shaped ?xture that 
is hydraulically linked to tWo branches, one of Which 124 
extends above the direct cooling section 110 of the IDEC 10 
and the other 126 above the indirect cooling section 72 of the 
IDEC 10. Both branches 124, 126 of manifold 120 are 
preferably made of POREX® S40C tubing. This tubing is a 
sintered, high density polyethylene material With a porous 
structure and is available in a Wide variety of siZes and 
shapes. Porex also offers porous ?ttings for use With this 
tubing, such as end caps and supply ?ttings 122, thereby 
insuring complete uniformity of Water distribution across the 
entire Width of the indirect 72 and direct 110 evaporative 
cooling sections. 

[0047] FIGS. 5-7 shoW the top edges of the indirect 
cooling section 72 and shoW in detail dry passage inlets 93 
and Wet passage inlets 95. The dry passage inlets 93 are 
located beneath the air discharge area 18 of cabinet 12 and 
the heat exchange plates 70 taper toWard one another to 
close the Wet passages to prevent air leaving from bloWer 40 
from entering the Wet passages 94. Openings to the Wet 
passages 95 are located beneath branch 126 of the distribu 
tion manifold 120. Water leaving the manifold 120 enters the 
Wet passage inlets 95. Directly beneath each Wet passage 
inlet 95 is a horiZontal trough 130 extending above the entire 
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Width of each plate 70 and spanning betWeen each pair of 
heat exchange plates facing the Wet passages 94. Vertical 
barrier segments 132 prevent Water from spilling out the 
ends of the troughs 130. The bottom 134 of trough 130 is 
designed such that, With su?icient Water supply from mani 
fold 120, Water Will ?oW the Width of each Wet passage 94. 
In one preferred embodiment, each trough 130 is formed by 
mating “mirror-image” troughs projecting from adjacent 
plate surfaces. These troughs 130 are formed as part of the 
thermo-forming process as described above. 

[0048] One aspect of this invention is the separation of air 
from Water Within the indirect cooling section 72. To achieve 
this separation, the folded heat exchange plate pairs 70 are 
assembled into an array 140 of multiple plates, a feW of 
Which are illustrated in FIG. 7 in top plan vieW. A typical 
IDEC 10 having a 2-3 ton cooling capacity and utiliZing the 
features disclosed herein Would have about 45-50 plate pairs 
70. Those plate pairs can be readily inserted in the rear 36 
of cabinet body 20 and supported on a perforated base 141 
Which in turn is supported therein by ribs 38 in that housing 
(FIG. 2). Removal of plates 70 for repair or replacement is 
a simple matter of compressing the array 140 of plates 70 
and sliding it out of the rear 36 of cabinet body 20. 

[0049] As previously discussed, air ?oW 96 from fan 40 
must be directed to the dry side of plates 70 Whereas Water 
must be directed to the Wet side of plates 70 containing the 
hydrophilic material 89. This separation occurs at the top 
edge 142 of the plate array 140. More particularly, adjoining 
plate pairs 70 created by folding the thermoformed plastic 
along centerline 74 are clamped along the top edge 142 of 
the array. The clamping material found best suited to this 
application is a bendable strip of hardened stainless steel or 
aluminum. These clamps are used in two different locations 
along the top edge 142 of array 140. One clamp 144 is 
located under the air discharge area 18 of cabinet 12 and the 
other clamping strip 146 is located beneath the Water mani 
fold pipe 126 (See FIGS. 6-7). Clamping strip 144 clamps 
adjoining plate pairs 70 as shoWn in FIGS. 5, 7 to open air 
?oW into the dry passage 92 betWeen the dry sides 149 of 
plates 70. Clamping strips 146 close that passage and force 
Water ?oWing from manifold pipe 126 into Wet passages 94 
on the side of plates 70 containing the hydrophilic material 
89. 

[0050] The porous tubing 126 of manifold 120 is prefer 
ably oriented so that it touches clamp 146 as illustrated in 
FIG. 8. This contact promotes the ?oW of Water from porous 
tubing 126 at the point of contact. This ?oW increases the 
supply of Water directly onto the Wet side 89 of plates 70 and 
then into Wet passages 94. FIG. 8 is a cross sectional vieW 
of an upper portion of plates 70 illustrating Water and air 
?oW through the array 140. 

[0051] The direct cooling section 110 of IDEC 10 is 
located near the front 34 of cabinet body 20. It comprises an 
evaporative medium made from ?uted sheets of a cellulosic 
paper, the ?utes of one sheet being arranged at an angle to 
the next sheet. The cellulosic paper is typically treated With 
a preservative. An example of commercially available 
treated cellulosic cross-?uted paper is that produced by 
Munters Corporation of Ft. Myers, Fla. under the Trademark 
CELdek® (WWW.munters.com). This material is described 
in more detail in Us. Pat. Nos. 4,562,015 and 4,427,607, the 
disclosures of Which are incorporated by reference herein. 
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Water is supplied to the direct cooling section by Water 
manifold 124. As in the indirect stage, the manifold is 
preferably in direct contact With the evaporative medium in 
the direct stage. 

[0052] A problem associated With operation of lDEC’s is 
contamination of the Water recirculated through the unit. 
This is overcome in applicants’ unit by having a periodic 
purge cycle programmed into the operational controls of the 
unit. On a preprogrammed cycle purge pump 150 is acti 
vated to empty the reservoir 22 to a drain. The reservoir 22 
is then re?lled With fresh Water through valve 112. Another 
problem associated With lDEC’s is leakage in the rare 
instance When the reservoir 22 over?ows. Since many 
lDEC’s are located in the attics of homes, such over?oWs 
can cause real damage. This problem is obviated in appli 
cants IDEC 40 by placing a drain outlet 152 at a high point 
in the reservoir. The drain outlet 152 can be piped to a seWer 
or to the outside Where it can be put to good use Watering 
vegetation. The operational controls of the IDEC unit can be 
programmed to shut doWn the system and sound an alarm if 
there is ?oW from the drain outlet 152 over an extended 
period of time Which Would suggest a malfunction. This 
alerts users of the IDEC to perform Whatever service is 
needed to correct that malfunction. 

[0053] To simplify operation and reduce cost purge pump 
150, ?ll valve 112, circulation, pump 116 and operational 
controls (not shoWn) can be operated from grid poWer as 
shoWn in FIG. 1. 

1-5. (canceled) 
6. A hydrophilic coating for a heat exchange plate useable 

in the indirect evaporative cooling stage of indirect-direct 
evaporative cooling (IDEC) system comprising a ?ocked 
rayon-based material deposited on the plate. 

7. The hydrophilic coating of claim 6 comprising a 
random cut rayon material deposited on the plate. 

8. The hydrophilic coating of claim 6 Wherein the rayon 
material is random cut and has an approximate average 
length of about 0.020 inches. 

9. The hydrophilic coating of claim 7 Wherein the rayon 
material has an approximate pile height of about 0.005 
inches. 

10. The hydrophilic coating of claim 6 Wherein the 
coating is attached to the plate With an adhesive. 

11. The hydrophilic coating of claim 10 Wherein the 
adhesive is a vinyl acetate monomer. 
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12. A ?uid delivery device for releasing ?uid useable for 
evaporative cooling of a gas is an evaporative cooling 
apparatus comprising a porous container for such ?uid 
located above the evaporative cooling apparatus. 

13. The ?uid delivery device of claim 12 Wherein the 
porous container is located above: 

a) the indirect cooling stage of an indirect-direct evapo 
rative cooling (IDEC) system; 

b) the direct cooling stage of an IDEC system; or 

c) both the indirect and direct stage of the IDEC system. 
14. The ?uid delivery device of claim 12 Wherein the 

porous container is porous plastic piping. 
15. The ?uid delivery device of claim 14 Wherein the 

porous container is porous high density polyethylene piping. 
16. The ?uid delivery device of claim 12 Wherein the 

porous container is in physical contact With the evaporative 
cooling apparatus to promote uniform discharge of the ?uid 
into the cooling apparatus. 

17. An indirect-direct evaporative cooling (IDEC) appa 
ratus comprising 

a) a unitary molded housing; 

b) an outside air entrance into the housing; 

c) a fan for moving outside air through the housing; 

d) a direct evaporative cooling stage Within the housing 
for evaporative cooling of outside air; 

e) an indirect evaporative cooling stage Within the hous 
ing for evaporative cooling of outside air comprising an 
array of multiple parallel plates, one side of the plate 
being Wetted during operation and the other side being 
essentially dry, and 

f) U-shaped clamps arranged to selectively close portions 
of the parallel plates to create Wet and dry passages 
through the plates. 

18. The IDEC apparatus of claim 17 Wherein the 
U-shaped clamps are formed from a hardened, corrosion 
resistant material. 

19. The IDEC apparatus of claim 18 Wherein the 
U-shaped clamps are stainless steel. 

20. The IDEC apparatus of claim 18 Wherein the 
U-shaped clamps are aluminum. 

* * * * * 


