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An air conditioning system that includes desiccant compart 
ments for holding a desiccant; a heat exchanger, a bloWer and 
a Vessel. The heat exchanger can be ?lled With a heat transfer 
medium, While the bloWer bloWs ambient air by the heat 
exchanger such that the bloWn air is cooled and the heat 
exchanger is Warmed such that thermal energy increases and 
is transferred from the air to the heat transfer medium causing 
the heat transfer medium to turn into Vapor. The Vapor is then 
diffused to one of the desiccant compartments such that the 
Vapor is adsorbed onto the desiccant creating a mixture. Then 
an energy source is applied to the mixture such that the Vapor 
and desiccant are separated. The separated Vapor is trans 
ported to the Vessel Where it is condensed and then sent back 
to the heat exchanger, such that the system is able to be 
continuously operating. 
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AIR CONDITIONING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 12/ 136,288, entitled “Air Condi 
tioning System,” ?led Jun. 10, 2008, Which is hereby incor 
porated by reference in its entirety. 

STATEMENT OF GOVERNMENT INTEREST 

[0002] The invention described herein may be manufac 
tured and used by or for the Government of the United States 
of America for governmental purposes Without payment of 
any royalties thereon or therefor. The technology described 
herein Was a subject invention under Cooperative Research 
and Development Agreement NCRADA-NAWCADPAX 
07-121-A01 With OxiCool, Inc. 

TECHNICAL FIELD 

[0003] The present invention relates to an air conditioning 
system. 

BACKGROUND 

[0004] When sleeping at night, drivers of large trucks that 
operate over long distances and travel for many days often 
utiliZe sleeper compartments built into their truck cabin. This 
reduces the cost of lodgings While alloWing truckers to sleep 
in rest areas on highWays, thereby eliminating the need to 
detour off their routes to ?nd and return from overnight lodg 
ing. Maintaining comfortable cabin temperatures during 
Warm evenings, hoWever, often means running the truck 
engine throughout the night to poWer the truck air condi 
tioner. This uses considerable fuel, decreases engine life by 
continual operation, provides a continual source of environ 
mental pollutants, and diminishes driver health by exposing 
the driver to elevated levels of the pollutants during sleep. In 
addition, the continuous vibration increases mechanical 
fatigue on truck tractor components, thereby decreasing time 
betWeen repairs. Not running a truck air conditioner can lead 
to increased driver fatigue due to poor sleep or increased 
operating costs (use of motels/hotels). 
[0005] Military vehicles such as tanks or armored person 
nel carriers must also run vehicle engines or auxiliary poWer 
units to maintain internal air conditioning. Providing an aux 
iliary cooling system that does not rely on diesel fuel presents 
a smaller infrared signature and improves battle?eld surviv 
ability. 

SUMMARY 

[0006] The present invention is directed to a continuous 
cooling air conditioning system. The present invention pro 
vides for the continuous cooling of various ?uids, such as but 
not limited to, air from the cabin of a vehicle. 
[0007] In an exemplary and non-limiting con?guration, a 
?rst chamber is in cooling mode to provide for cooling of a 
?uid Whereas a second chamber is in recharging mode to 
prepare for operation in the cooling mode. As the ?rst cham 
ber ?nishes the adsorption process, thus nearing the end of its 
cooling capabilities, the second chamber is brought online in 
a cooling mode of operation to continue the cooling process. 
Thus, a seemingly continuous cooling process is provided for 
by the present invention. Further, in some con?gurations, 
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because a plurality of desiccant chambers are handling the 
cooling load, it may be possible to reduce the siZe of the 
desiccant chambers. In one exemplary and non-limiting 
example, the desiccant used is Zeolite and the refrigerant is 
Water. 

[0008] An exemplary system may include at least tWo 
chambers having a desiccant in each chamber, at least one 
heat exchanger, a ?rst ?uid inlet to be cooled, and a second 
?uid inlet used to heat the desiccant to cause the desorption of 
the refrigerant from the desiccant. The exemplary system may 
also include a condenser for cooling and condensing the 
refrigerant after desorption from the desiccant. In one exem 
plary embodiment, the heat exchanger is con?gured to 
remove heat from the ?uid to be cooled through the use of an 
expansion valve. As the refrigerant enters the heat exchanger, 
the expansion value provides for the vaporiZation of the liquid 
refrigerant entering the heat exchanger. The heat of vaporiZa 
tion is supplied by the ?uid to be cooled. The vaporiZed 
refrigerant is adsorbed by the desiccant in the ?rst chamber 
operating in the cooling mode. The second ?uid is used to heat 
the desiccant in the second chamber to cause the Water vapor 
to be desorbed. The Water vapor is then cooled and condensed 
for use back in the heat exchanger. 
[0009] It is a feature of the present invention to provide an 
air conditioning system that is able to be utiliZed in a vehicle 
and is able to operate independently of a vehicle engine. 
[0010] It is a feature of the present invention to provide an 
eco-friendly air conditioning system that can operate effec 
tively for an extended period of time. 
[0011] It is an additional feature of the present invention to 
provide an air conditioning system that provides continuous 
cooling to an enclosed space utiliZing a forced convection 
system based on desiccant based adsorption. 
[0012] This summary is provided to introduce a selection of 
concepts in a simpli?ed form that are further described beloW 
in the Detailed Description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed subject matter. 
[0013] Other features of the subject matter are described 
beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other features, aspects and advantages of 
the present invention Will become better understood With 
reference to the folloWing description and appended claims, 
and accompanying draWings. For the purpose of illustrating 
the subject matter, there are shoWn in the draWings exemplary 
embodiments of the subject matter; hoWever, the presently 
disclosed subject matter is not limited to the speci?c methods, 
compositions, and devices disclosed. In addition, the draW 
ings are not necessarily draWn to scale. In the draWings: 
[0015] FIG. 1 is an exemplary and non-limiting side vieW of 
an embodiment of the air conditioning unit; 
[0016] FIG. 2a is an exemplary and non-limiting exploded 
perspective vieW of another embodiment of the desiccant 
compartment; 
[0017] FIG. 2b is an exemplary and non-limiting perspec 
tive vieW of that embodiment; 
[0018] FIG. 20 is an exemplary and non-limiting perspec 
tive vieW shoWing the internal portion of that embodiment; 
[0019] FIG. 3a is an exemplary and non-limiting exploded 
perspective vieW of another embodiment of the desiccant 
compartment; 



US 2010/0043462 A1 

[0020] FIG. 3b is an exemplary and non-limiting perspec 
tive vieW of that embodiment; and 

[0021] FIG. 30 is an exemplary and non-limiting perspec 
tive vieW showing the internal portion of that embodiment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0022] The present subject matter may be understood more 
readily by reference to the following detailed description 
taken in connection With the accompanying ?gures and 
examples, Which form a part of this disclosure. It is to be 
understood that this invention is not limited to the speci?c 
devices, methods, applications, conditions or parameters 
described and/ or shoWn herein, and that the terminology used 
herein is for the purpose of describing particular embodi 
ments by Way of example only and is not intended to be 
limiting of the claimed invention. 
[0023] Also, as used in the speci?cation including the 
appended claims, the singular forms “a,” “an,” and “the” 
include the plural, and reference to a particular numerical 
value includes at least that particular value, unless the context 
clearly dictates otherWise. The term “plurality”, as used 
herein, means more than one. When a range of values is 
expressed, another embodiment includes from the one par 
ticular value and/or to the other particular value. Similarly, 
When values are expressed as approximations, by use of the 
antecedent “about,” it Will be understood that the particular 
value forms another embodiment. All ranges are inclusive and 
combinable. 

[0024] Disclosed herein is a ?uid cooling system that pro 
vides for essentially or apparently constant cooling of the 
?uid and, in some con?gurations, a reduction in siZe of certain 
components of the invention. In an example, one desiccant 
chamber is in a cooling mode of operation Whereas a second 
chamber is being prepared for the cooling mode through the 
application of heat to drive off the adsorbed Water vapor from 
a prior cooling cycle, is in a recharging mode. Once the 
chamber in the cooling mode has adsorbed enough Water 
vapor to either be ineffective at adsorption or the rate of 
adsorption has decreased beloW a speci?ed minimum rate, the 
chamber in the cooling mode is recon?gured to be in the 
recharging mode and the chamber in the recharging mode is 
con?gured to be in the cooling mode, Which may or may not 
occur simultaneous or in any speci?c order. 

[0025] The desiccant may be de?ned as, but Without limi 
tation, a drying agent. Examples of desiccant that can be 
utiliZed are, Without limitation, amorphous silica gel, diato 
maceous earth, calcium aluminosilicate clay, molecular 
sieves and activated carbon. The folloWing description uses 
Zeolite as the desiccant by Way of example only. A Zeolite may 
be described, but Without limitation, as hydrous aluminum 
silicate in porous granules. Possible Zeolites that can be uti 
liZed are, but Without limitation, analcime, chabaZite, heulan 
dite, natrolite, phillipsite, and stilbite. 
[0026] A non-limiting system of the present subject matter 
is shoWn in FIG. 1. The system of FIG. 1 may be mounted in 
various places of a vehicle such as, but Without limitation, the 
rear of a truck sleeper compartment, at or near the undercar 
riage of the vehicle, or any location or position practicable. In 
the exemplary and non-limiting system of FIG. 1, the desic 
cant used is Zeolite and the refrigerant used is Water, though it 
should be understood that the present invention is not limited 
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solely to Zeolite or Water, or the combination of Zeolite and 
Water, as other appropriate desiccants and refrigerants may be 
used. 

[0027] In FIG. 1, in an exemplary con?guration, Zeolite 
chamber 100A is in recharging mode, Zeolite chamber 100B 
is in cooling mode, and Zeolite chamber 100C is in standby 
mode. It should be noted that the present invention is not 
limited to tWo chambers and may include more than tWo 
desiccant chambers depending upon the load conditions of 
the system or other factors. For example, in the present inven 
tion, Zeolite chamber 100C may be used to augment or 
supplement the vapor adsorption capabilities of Zeolite cham 
ber 100B While in cooling mode (or Zeolite chamber 100A 
When it is in cooling mode). Further, Zeolite chamber 100C 
may be used as a backup should either or both Zeolite cham 
bers 100A and/ or 100B fail or be unusable for the particular 
purpose. 

[0028] Each Zeolite chamber may be, Without limitation, a 
tank, container, receptacle or structure for holding a solid, 
liquid or gas. The Zeolite chambers may be manufactured 
from any material practicable. FIG. 1 shoWs three Zeolite 
chambers, 100A, 100B, and 100C; hoWever, as discussed 
above, the system of FIG. 1 may utiliZe as little as tWo Zeolite 
chambers and as many as required or desired. Zeolite cham 
bers 100A, 100B and 100C may be con?gured to provide for 
the transfer of Water from the Zeolite. Zeolite chambers 100A, 
100B and 100C may include perforations (not shoWn) to 
facilitate the free and ef?cient movement of the vapor. Zeolite 
chamber 100B includes a compartment Wall 110B and com 
partment tubing, snaking tube, 120B. In one of the embodi 
ments, the compartment Wall 110 may include an outer skin 
114 and an inner skin 112, Which together create an air chan 
nel. Inner skin 112 may also include perforations 1100B, 
Which may be used to keep the Zeolite in Zeolite chamber 
100B While providing for the transfer of Water vapor. Perfo 
rated tubes, shoWn as tube 1200C of Zeolite chamber 100C, 
may be used to facilitate the movement of Water vapor as Well. 

[0029] Snaking tube 120B may be con?gured to prevent the 
intermixing of the contents of snaking tube 120B With the 
vapor and/or desiccant disposed Within the Zeolite chamber 
100B. Snaking tube 120B may include valves to control the 
?oW of any ?uids in snaking tube 120B. Snaking tube 120B 
may be manufactured from any type of material that is prac 
ticable. Snaking tube 120B may pass through Zeolite chamber 
100B in a straight line or in a serpentine manner as shoWn in 
FIGS. 1 and 2. As shoWn in FIG. 1, the tubing may include 
rings 111 disposed around the circumference of the snaking 
tube 120B to increase heat transfer. Zeolite chamber 100B 
may be comprised of replaceable desiccant cartridge 105 that 
can be removed or attached. Desiccant cartridge 105 is dis 
cussed in more detail With regards to FIGS. 2 and 3, beloW. 

[0030] In the exemplary system of FIG. 1, pump 300 pulls 
air, the ?uid to be cooled, from the cabin of a vehicle into the 
system of FIG. 1. The air circulates around heat exchangers 
200A, 200B and 200C and is cooled prior to being released 
back into the cabin through air outlet 250. It should be noted 
that, although not speci?cally shoWn in FIG. 1, the system of 
FIG. 1 may be con?gured to provide for cooling by one or 
more than one heat exchanger. The use of the three heat 
exchangers, 200A, 200B and 200C, is for exemplary pur 
poses only. The exiting coolant air at 250 could be bloWn 
directly Where cooling is required. Altemately, a cooling ?uid 
could be used Which is then circulated in an auxiliary heat 
exchanger and bloWer combination to provide cooling Where 
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required. If air is used, heat exchanger 200A may be opti 
miZed to dehumidify the air and then heat exchangers 200B 
and 200C are con?gured to loWer the air temperature in 
stages. Heat exchangers 200A, 200B and 200C may be manu 
factured from an aluminum alloy With an inner nickel coating; 
however, heat exchangers 200A, 200B and 200C may be 
manufactured from any type of material practicable. 
[0031] Heat exchangers 200A, 200B and 200C along With 
any corresponding piping and valves may be calibrated such 
that they correspond With the number and siZe of Zeolite 
chambers 100A, 100B and 100C. Heat exchangers 200A, 
200B and 200C may be computer controlled. Heat exchang 
ers 200A, 200B and 200C may include boiling chambers 
205A, 205B and 205C and a shell 210. Heat exchangers 
200A, 200B and 200C may also include injectors or spray 
noZZles 215A, 215B, and 215C for spraying the refrigerant, 
Water, into boiling chamber 205A, 205B and 205C of heat 
exchangers 200A, 200B and 200C, respectively 
[0032] Heat exchangers 200A, 200B and 200C cool the air 
through the expansion of a refrigerant, in this example Water, 
into a larger volume, Whereas the heat in the air to be cooled 
is transferred to the refrigerant to expand and vaporize the 
refrigerant. In the present example, the system of FIG. 1 is run 
under a vacuum, or partial vacuum, to provide for the vapor 
iZation of Water at temperature ranges that may exist in the air 
of a cabin, i.e. room temperatures. in the present example, 
vacuum pump 800 is used to evacuate Zeolite chambers 100A, 
100B and 100C, as Well as the rest of the system, via values 
909A, 909B and 909C, respectively. 
[0033] The refrigerant, in this example, Water, is pumped in 
liquid form from reservoir 400 into heat exchangers 200A, 
200B and 200C by pump 700. Cooling inlet values 903A, 
903B and 903C may be opened, either separately or in com 
bination, and at various apertures, to introduce the refrigerant 
into the expansion chambers of each of heat exchangers 
200A, 200B and 200C via spray noZZles 215A, 215B, and 
215C. Cooling inlet values 903A, 903B, and 903C may be 
opened or closed, or their apertures adjusted, to control the 
amount of Water entering the expansion chambers to control 
the amount of cooling of the air. Further, it may be preferable 
to house heat exchangers 200A, 200B and 200C in an enclo 
sure such as enclosure 150. Enclosure 150 may also have 
insulation to help With the ef?ciency of the system. In other 
Words, the insulation may help reduce the amount of ambient 
heat removed, Which may be the engine compartment, rather 
than the heat from the ?uid intended to be cooled, such as the 
air in a cabin of a vehicle. 

[0034] As With other components of the present invention, 
the system of FIG. 1 may also be a modular system. In other 
Words, various components may be placed Within an enclo 
sure, such as enclosure 150, to alloW for interchangeability of 
various component parts. For example, the system may be 
comprised of a heat exchanger module (not shoWn), a Zeolite 
chamber module (not shoWn) and a condenser and reservoir 
module (not shoWn). Each module may have contained Within 
the module the components of FIG. 1 described herein. It 
should be noted that the module designations and function 
ality is for exemplary purposes only. 
[0035] Cooling outlet valves 904A, 904B and 904C are 
opened to alloW the noW vaporiZed refrigerant to travel to the 
particular Zeolite chambers operating in the cooling, or 
adsorption, mode. In the present example, Zeolite chamber 
100B is in cooling mode, thus valve 905B is open to alloW the 
Water vapor to enter Zeolite chamber 100B While values 905A 
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and 905C are closed to prevent Water vapor from entering 
Zeolite chambers 100A and 100C, respectively. if Zeolite 
chamber 100B is sWitched from cooling to recharging mode, 
905B is closed. To provide for continuous cooling of the ?uid 
to be cooled, 905A or 905C may be opened to sWitch Zeolite 
chamber 100A or 100C, respectively, to cooling mode con 
temporaneously With the sWitching of Zeolite chamber 100B 
to recharging mode. The present invention is not limited to 
continuous cooling. In other Words, there may be delay in 
sWitching a Zeolite chamber from recharging to cooling 
mode. 

[0036] While in recharging mode, energy is applied to the 
desiccant in Zeolite chamber 100A to cause the desorption of 
Water vapor from the desiccant. Various energy sources may 
be used, in the system of FIG. 1. In the present example, heat 
is energy source. If heat is used, it can be, but Without limi 
tation, external heat, solar heat, Waste engine heat or heat 
from an auxiliary heating unit such as a diesel heater. In the 
present example, engine exhaust heat is used. 
[0037] As shoWn in FIG. 1, the engine exhaust heat enters 
the system of FIG. 1 via value heat inlet value 705B, then 
moves toWard and into the compartment tubing of the par 
ticular Zeolite chamber to be heated. Because Zeolite chamber 
100A is in recharging mode, valve 901A and value 906A are 
opened. Valve 901B/906B and 901C/906C control entry of 
the heat into Zeolite chambers 100B and 100C, respectively. 
Other heat sources may be used. By Way of example, valve 
705A is used to control the entry of diesel heater heat to the 
chambers. 

[0038] The separated vapor is then diffused toWard cooling 
reservoir 500, through the coolant 80 Within the coolant res 
ervoir 500 Where the vapor is cooled and condenses, and then 
is transported to reservoir 400 to aWait being transported back 
to the heat exchangers 200A, B, C to continue the cycle. This 
may be computer controlled via a valve system. The Zeolite 
chamber 100A must be recharged and this is done by heating 
the mixture and creating desorption of vapor from the desic 
cant 50, then cooling the desiccant 50. Zeolite is the preferred 
desiccant 50 and desorption occurs When the Zeolite reaches 
a certain temperature, and is unable to adsorb the vapor. To 
heat the Zeolite in the particular chamber, the heat is circu 
lated through the Zeolite via snaking tubes 120A, 120B and 
120C for Zeolite chambers 100A, 100B and 100C, respec 
tively. 
[0039] Once the Water has been driven from the Zeolite, or 
at least to a desired amount, the Zeolite is cooled in prepara 
tion for the next time the Zeolite chamber is in cooling mode. 
Although the Zeolite can be cooled using various means, 
including ambient cooling, to increase the rate of cooling, a 
coolant may be used. In the present example, once Zeolite 
chamber 100A is ready to be cooled, valves 901A, 902A and 
906A are closed and valves 907A and 908A are opened. 
Cooling for Zeolite chambers 100B and 100C may be pro 
vided by manipulation of valves 901B/902B/906B/907B/ 
908B and 901C/902C/906C/907C/908C, respectively. Cool 
ant 80, examples of Which may be, Without limitation, Water, 
air, glycol, is pumped through snaking tube 120A of Zeolite 
chamber 100A. Coolant 80 is cooled by cooler 1000, Which in 
some con?gurations may transfer the heat from coolant 80 to 
ambient air. Although a single condenser 1000 is shoWn by 
Way of illustration, it should be understood that condenser 
1000 may be one or more condenser units. Further, the posi 
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tion of condenser 1000 is merely exemplary, as one or more 
cooling units may be placed either before or after, or both, 
coolant reservoir 500. 

[0040] Coolant reservoir 500 is con?gured to both act as a 
reservoir tank for coolant 80 and to provide contact betWeen 
coolant 80 and the desorbed Water vapor via tubing 615, thus 
cooling and condensing the Water vapor, Which is then stored 
in reservoir 400. The Zeolite chambers 100A, 100B and 100C 
can be siZed such that each can provide cooling for a time 
period alloWing the previously used desiccant compartment 
to recharge. In times of heavy load, the Zeolite chambers may 
be unable to dissipate heat effectively. In that case, some of 
the coolant 80 Will be channeled to the chamber in cooling 
mode. In this case, When 100C is in cooling mode, valves 
907C and 908C Will be partially open to transfer heat from 
Zeolite to the coolant 80. 

[0041] As mentioned above, one or more components of 
the system of FIG. 1 may be disposed Within an enclosure. 
Alternatively, the system of FIG. 1 may be Within a combi 
nation of tWo or more enclosures. 

[0042] FIG. 2 is an illustration of an exemplary desiccant 
cartridge that may be used in Zeolite chambers 100A, 100B 
and 100C. In FIG. 2, a replaceable desiccant cartridge 105 is 
shoWn. Desiccant cartridge 105 houses the desiccant and may 
be con?gured to be removable or detachable. Desiccant car 
tridge 105 may have a circular cross section, as shoWn in FIG. 
2 or a rectangular or square cross section as shoWn in FIG. 3. 
As discussed earlier, snaking tube 120B Within the desiccant 
cartridge 105 may be straight (FIGS. 2 and 3) or serpentine 
(FIG. 1). As shoWn in FIGS. 2 and 3, the desiccant cartridge 
105 may include a compartment Wall 110 or shell as previ 
ously described, a desiccant case 106 (containing the desic 
cant 50) disposed Within the compartment Wall 110, rings 
111, a cap 108, and a compartment tubing aperture 109. Rings 
111 may be used to increase the heat transfer to and from 
desiccant cartridge 105. 
[0043] Although the present invention has been described 
in considerable detail With reference to certain preferred 
embodiments thereof, other embodiments are possible. 
Therefore, the spirit and scope of the appended claims should 
not be limited to the description of the preferred embodi 
ments) contained herein. 

What is claimed: 

1. An air conditioning system, comprising: 
a ?rst desiccant chamber initially con?gured to operate in 

a cooling mode and a second desiccant chamber initially 
con?gured to operate in a recharging mode, Wherein the 
cooling mode provides for adsorption of a refrigerant in 
vapor form and the recharging mode provides for the 
desorption of the vapor; 

at least one heat exchanger con?gured to vaporiZe the 
refrigerant in liquid form into the vapor by absorption of 
heat from a ?uid to be cooled; 

a desiccant contained Within the ?rst desiccant chamber 
and the second desiccant chamber con?gured to adsorb 
the vapor generated by the vaporization of the refriger 
ant; 

an energy source for causing the vapor in the desiccant to 
be desorbed; 

a condenser for cooling and condensing the vapor for use as 
the refrigerant in the at least one heat exchanger; 
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at least one valve that recon?gures the ?rst desiccant cham 
ber for operation in the recharging mode once the ?rst 
desiccant chamber adsorbs a certain amount of the 
vapor; and 

at least one valve that recon?gures the second desiccant 
chamber for operation in the cooling mode, Wherein the 
second desiccant chamber is recon?gured contempora 
neously With the recon?guration of the ?rst chamber so 
that the cooling process of the ?uid to be cooled is 
maintained. 

2. The system of claim 1, Wherein the desiccant is amor 
phous silica gel, diatomaceous earth, calcium aluminosilicate 
clay, molecular sieves, activated carbon, hydrous aluminum 
silicate, or combinations thereof. 

3. The system of claim 2, Wherein the hydrous aluminum 
silicate is a Zeolite. 

4. The system of claim 3, Wherein the Zeolite is analcime, 
chabaZite, heulandite, natrolite, phillipsite, stilbite, or com 
binations thereof. 

5. The system of claim 1, Wherein the desiccant is housed 
in a desiccant cartridge of the desiccant chamber. 

6. The system of claim 5, Wherein the desiccant cartridge is 
removable. 

7. The system of claim 5, Wherein the desiccant cartridge 
has a circular cross section. 

8. The system of claim 1, Wherein the energy source is heat. 
9. The system of claim 8, Wherein the heat is solar heat, 

Waste engine heat or an auxiliary heating unit. 
10. The system of claim 1, Wherein the energy source is 

applied to the desiccant via a heat sink. 
11. The system of claim 1, Wherein the heat sink is a tube 

dispersed in the Zeolite. 
12. The system of claim 11, Wherein the tube further com 

prises rings. 
13. The system of claim 1, Wherein the ?rst Zeolite chamber 

or the second Zeolite chamber further comprises a perforated 
sieve con?gured to maintain the Zeolite in the ?rst Zeolite 
chamber or the second Zeolite chamber. 

14. The system of claim 1, Wherein the ?rst Zeolite chamber 
and the second Zeolite chamber further comprises at least one 
perforated tube con?gured to facilitate the movement of des 
orbed vapor to the condenser. 

15. The system of claim 1, Wherein the refrigerant is Water 
or glycol. 

16. The system of claim 1, Wherein the system is operated 
at a partial vacuum. 

17. The system of claim 16, Wherein a vacuum pump is 
used to evacuate the system prior to or during operation. 

18. A modular air conditioning system comprising: 
a heat exchanger module having at least one heat 

exchanger With a refrigerant; 
an adsorption module having: 

a ?rst desiccant chamber initially con?gured to operate 
in a cooling mode; 

a second desiccant chamber initially con?gured to oper 
ate in a recharging mode, Wherein the cooling mode 
provides for the adsorption of a vapor and the recharg 
ing mode provides for the desorption of the vapor; 

a ?rst valve that recon?gures the ?rst desiccant chamber 
for operation in the recharging mode once the ?rst 
desiccant chamber adsorbs a certain amount of the 
vapor; and 

a second valve that recon?gures the second desiccant 
chamber for operation in the cooling mode, Wherein 
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the second desiccant chamber is recon?gured con 
temporaneously With the recon?guration of the ?rst 
chamber so that the cooling process of the ?uid to be 

cooled is maintained; and 
a condenser module having at least a condenser for 

cooling and condensing the vapor for use as the refrig 
erant in the heat exchanger module. 

19. The modular system of claim 18, Wherein the desiccant 
is amorphous silica gel, diatomaceous earth, calcium alumi 
no silicate clay, molecular sieves, activated carbon, or hydrous 
aluminum silicate, or combinations thereof. 

20. The modular system of claim 19, Wherein the hydrous 
aluminum silicate is a Zeolite. 

21. The modular system of claim 20, Wherein the Zeolite is 
analcime, chabaZite, heulandite, natrolite, phillipsite, stilbite, 
or combinations thereof. 

22. The modular system of claim 18, Wherein the adsorp 
tion module further comprises an energy inlet for heating the 
desiccant to cause the vapor adsorbed in the desiccant to be 
desorbed. 
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23. The modular system of claim 18, Wherein the adsorp 
tion module further comprises a coolant inlet, Wherein the 
coolant is used in the condenser to cool and condense the 
vapor. 

24. A method for providing cooling of a ?uid, comprising: 
operating a ?rst desiccant chamber in cooling mode to 

adsorb a vapor generated by the expansion of a refriger 
ant; 

operating a second desiccant chamber in a recharging 
mode by heating the desiccant to desorb the vapor; and 

sWitching the operation of the ?rst desiccant chamber to a 
recharging mode once the ?rst desiccant chamber has 
adsorbed a certain amount of the vapor and contempo 
raneously sWitching the operation of the second desic 
cant chamber to a cooling mode. 

25. The method of claim 24, further comprising cooling 
and condensing the vapor that is desorbed. 

26. The method of claim 24, Wherein the desiccant is Zeo 
lite and the refrigerant is Water. 

27. The method of claim 24, further comprising a third 
desiccant chamber operating in the cooling mode, the 
recharging mode or a standby mode. 
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