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Background of the Invention
1. Field of the invention

The present invention relates to an absorbent pair refrigeration
system wherein the refrigerant is desorbed from a complex compound
comprised of the refrigerant and a chemical absorbent using
electromagnetic wave energy, and in particular microwave energy.
2. Description of Related Art

Existing absorbent pair refrigeration systems utilize a gaseous

refrigerant which is alternately absorbed onto and desorbed from a chemical

absorbent, which is sometimes referred to generically as a sorbent. The
refrigerant and absorbent are referred to as absorbent pairs, and a complex
compound is formed by absorption of the refrigerant onto the absorbent. In
typical systems, a refrigerant comprised of a low pressure polar gas, which
has been vaporized in an evaporatbr, is absorbed onto an absorbent. Once
the refrigerant has been fully absorbed, the complex compdund comprised
of the refrigerant and the salt is heated to drive off, or desorb, the refrigerant.
The resuiting high-pressure refrigerant gas is then directed to a condenser,
where it is converted back into a liquid phase. The high-pressure liquid
refrigerant is then directed to the evaporator, wherein the refrigerant is
evaporated and heat is absorbed by the refrigerant from the atmosphere to
provide the desired cocling effect.

in these prior art systems, an electrical or gas powerad heater is used
to heat the complex compound in order to drive off the refrigerant. The heat
is transferred to the complex compound primarily through conduction, and

the canister which contains the absorbent and in which the absorption and
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desorption reactions occur is typically constructed of metal to aid in the
transfer of heat. The combination of the canister, the absorbent and the
heater is commonly called a sorber. The canister is usually provided with

internal metal fins or other similar conductive means to segment the

~ absorbent to thereby shorten the thermal diffusion path length between the

wall of the canister and the absorbent to further aid in the transfer of heat to
the complex compound.

During the desorption reaction, the sorber absorbs a substantial
amount of sensible heat, which must then be rejected prior to the absorption
reaction so that the absorbent is sufficiently cooled to enable it to reabsorb
the refrigerant. This sensibie heat reduces the COP of the refrigeration
system and increases the cycle time between the desorbtion and absorption
reactions, thereby reducing the cooling capacity of the absorbent pairs.
Furthermore, prior art systems often employ extraneous cooling means to
cool the sorber during the cycle between the desorption and absorption
reactions, which is referred to as the sorber cooldown cycle. These means
include using cooling fins attached to the exterior of the canister and running
refrigerant through tubing through the core of the sorber. Both of these
means add complexity and cost to the sorber design.
Summary of the Invention

Therefore, it is an object of the present invention to provide an
absorbent pair refrigeration system wherein the desorption reaction does not
rely on heating the complex compound and wherein the sorber cooldown
cycle time is minimized or eliminated.

According to the present invention, these and other objects and
advantages are achieved by providing an absorbent pair refrigeration

systermn comprising a receiver or reservoir containing liquid refrigerant under
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pressure, an evaporator downstream of the receiver for evaporating the
refrigerént and providing the desired cooling effect, a canister downstream
of the evaporator which contains a chemical absorbent into which the
gaseous refrigerant is absorbed to thereby form a complex compound, an
electromagnetic wave generator means, such as a microwave generator, for
desorbing the refrigerant from the complex compound, and a condenser
downstream of the canister and upstream of the receiver for condensing the
resulting pressurized vapor refrigerant into the pressurized liquid refrigerant.

Thus, the present invention uses microwave radiation to desorb the
refrigerant from the absorbent. Consequently, conductive, radiative and
convective modes of heating the complex compound are not required.
instead of using these or other stochastic heating processes to desorb the
refrigerant, the microwave energy is converted to work to break the chemical
bond between the refrigerant and the absorbent malecules, for example, by
inducing dipolar rotation in the refrigerant molecules. Thus, the present
invention allows for a direct transfer of energy to the refrigerant/absorbent
bond, which eliminates the of sensible heat absorbed by the sorber and
thereby greatly improves the COP and cooling capacity of the system.

These and other objects and advantages of the present invention will
be made apparent from the foliowing detailed description, with reference to
the accompanying drawings.
Brief Description of the Drawings

Figure 1 is a schematic diagram of a prior art absorbent pair
refrigeration system;

Figure 2 is a schematic diagram of one embodiment of an absorbent

pair refrigeration system according to the present invention;



WO 97711323 PCT/US96/14911

10

15

20

25

Figure 3 is a schematic diagram of another embodiment of an
absorbent pair refrigeration system according to the present invention; and

Figure 4 is a perspective view of a portion of the invention depicted in
Figure 3.

Detailed Description of the Preferred Embodi

A brief review of the prior art will help in understanding the present
invention. Referring to Figure 1, a prior art absorbent pair refrigeration
system, indicated generally by reference number 10, is shown to comprise a
reservoir or receiver 12 filled with an appropriate refrigerant 14, an
evaporator 16 connected to an outlet of receiver 12 via tubing 18, a sorber
20 in communication with the discharge end of evaporator 16 via tubing 22,
and a condenser 24 connected to an outlet of sorber 20 via tubing 26.
Sorber 20 comprises a canister 28, a chemical absorbent (not shown)
contained within canister 28, and a heater 30.

During operation of refrigeration system 10, pressurized liquid
refrigerant 14 is controllably discharged into evaporator 16 through operation
of a thermal expansion valve, or TEV, 32. As the pressure of the refrigerant
rapidly decreases, the temperature of the refrigerant is reduced and the
refrigerant changes from the liquid to the vapor state, as is known by those
skilled in the art. Evapoi'ator 16 is typically located in or adjacent a cooling
chamber, and the ambient heat is absorbed by the vapor refrigerant to
thereby cool the cooling chamber. The vapor refrigerant is then directed
through tubing 22 to sorber 20 and absorbed onto the chemical absorbent
contained within canister 28. Due to the affinity between the absorbent and
the vapor refrigerant, during the absorption reaction the vapor refrigerant is
drawn through tubing 22 to thereby maintain a relatively k":w pressure in

evaporator 16. After a sufficient amount of vapor refrigerant is absorbed
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onto the chemical abs_orbent, which amount is controlled by TEV 32 based
upon the temperature of evaporator 16, heater 30 is activated to initiate the
desorb reaction, during which the complex compound is heated to thereby
drive off the vapor refrigerant from the absorbent. The heat energizes the
molecules of the refrigerant to a degree sufficient to break the chemical
bond between the refrigerant and the absorbent. This reliance on stochastic
heating to thermally break the refrigerant/absorbent bond via the tail of the
Boltzmann distribution requires a great deal of heat energy which
significantly raises the temperature of the entire sorber 20, including the
absorbent and the refrigerant. The resulting heated, pressurized vapor
refrigerant is forced through tubing 26 to condenser 24, wherein the heat of
the vapor refrigerant is expelled into the atmosphere and the refrigerant
consequently changes from the vapor to the liquid state, which reduces the
pr;essure of the refrigerant somewhat and causes more vapor refrigerant to
be drawn from sorber 20 into condenser 24. The liquid refrigerant is then
drained into receiver 12 via tubing 34. A check valve 36 in tubing 22
prevents the pressurized vapor from retuming to evaporator 16. The
pressurized vapor refrigerant in tubing 22 is instead forced through a check
valve 38, through tubing 40 and into condenser 24. During the sorber
cooldown cycle, which occurs after the desorb reaction and prior to the
absorb reaction, liquid refrigerant from receiver 12 may be controllably
directed to the core of sorber 20 through operation of a TEV 42 to aid in
cooling the absorbent.

| Referring to Figure 2, the absorbent pair refrigeration system
according to the present invention will now be described. The refrigeration
system of the present invention, indicated generally by reference number 44,

is shown to comprise a reservoir or receiver 46 filled with an appropriate
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refrigerant, an evaporator 48 connected to an outlet of receiver 46 via
appropriate tubing 50, a sorber 52 in communication with the discharge end
of evaporator 48 via tubing 54, and a condenser 56 connected to sorber 52
via tubing 568. According to the present invention, sorber 52 comprises a
canister 60, a chemical absorbent contained within canister 60, and an
electromagnetic wave generator means 62 for desotbing the refrigerant from
the complex compound.

Electromagnetic wave generator 62 is preferably either a thermionic
or a solid state microwave generating device, such as a magnetron, klystron
or a traveling wave tube. The microwaves produced by generétor 62 are
preferably in the standard {SM bands: 915 MHz (896 MHz in the United
Kingdom), 2.45 GHz (S band), or 5.8 GHz (J band). in addition, the
microwaves are delivered to a resonant cavity, which is comprised of
canister 60 or into which canister 60 is placed, by any suitable microwave
conducting means (not shown), such as wave guides, coaxial lines,
electrodes or microstriplines. A ferrite circulator, mixing circuit or other
suitable device is preferably used to couple generator 62 to the load. The

input to generator 62 may also be modulated to match the radio frequency

~output to the load.

in operation of refrigeration system 44, liquid refrigerant from
reservoir 46 is preferably controllably discharged into evaporator 48 through
operation of a TEV 64 or similar means. The liquid refrigerant is evaporated
in evaporator 48 to provide the desired cooling effect. The resulting vapor

refrigerant is then drawn into sorber 52, wherein the vapor refrigerant is

- absorbed onto the absorbent to form a complex compound. Once the

absorption reaction is complete, generator 62 is activated to begin the

desorption reaction. Up to the point when generator 62 is activated, the
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operation of refrigeration system 44 is similar to the operation of the prior art
refrigeration system 10 described above. When generator 62 is activated,
the microwaves desorb the refrigerant from the sorbent by selectively
pumping electrical energy into each refrigerant-sorbent bond until the bond
is broken and the refrigerant molecule is separated from the sorbent
molecule. It is believed that the microwaves induce dipolar rotation in the
refrigerant molecules, imparting sufficient kinetic energy to allow them to
escape from the electrical potential energy binding them to their associated
sorbent molecules. Thus, instead of stochastically heating the complex
compound and using thermal energy to desorb the refrigerant, the
microwave energy is _converted to work which acts to break the chemical
bonds between the refrigerant molecules and their associated sorbent
molecules. The resuiting pressurized vapor refrigerant expands into
condenser 56, where it is condensed into the liquid state. The liquid vapor is
then retumed to reservoir 46 via tubing 66. A check valve €8 is ideally
provided in tubing 54 to prevent the pressurized vapor refri.gerant from
retuming to evaporator 48 during the desorption reaction. In addition, a
check valve 70 may be provided in tubing 58 to prevent the pressurized
refrigerant from retuming to sorber 52 during the absorption reaction.

While a variety of refrigerants and chemical absorbents may be used
in conjunction with the present invention, the preferred embodiment of the
invention contemplates the use of a polar refrigerant such as ammonia,
methane or alcohol, and an inert metal halide salt, such as SrBro, as the
absorbent. The metal halide salt has a low dielectric constant which allows
the absorbent to experience the desorption reaction without being
appreciably heated by the applied microwave radiation. Consequently, the

absorbent does not require a cooldown cycle after the desorption reaction
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and is immediately ready to begin the absorption reaction. In addition, the
duration of the desorption phase may be made arbitrarily short by providing
sufficient microwave generator and heat rejection capability.

Furthermore, the absorption reaction is exothemnic, and the reaction
rate decreases with increasing temperature. Accordingly, in another
embodiment of the invention (not shown), an air or liquid cooled heat sink
may be used to cool the absorbent during the absorption reaction.

Referring to Figures 3 and 4, another embodiment of the present
invention is shown, wherein the same reference numbers are used to denote
elements similar to those described with reference to Figure 2. In this
embodiment, the condenser 56 and sorber 52 are combined together into a
cooling engine 72. In operation, liquid refrigerant is directed from receiver
46 to evaporator 48. The vapor refrigerant from evaporator 48 is then drawn
to cooling engine 72, which provides a pressure sink due to the absorption
of the vapor refrigerant onto the absorbent 74. The absorbent 74 is
preferably held in place with a porous material 76, such as a porous polymer
(polymer PTFE), which allows the vapor refrigerant to pass through an
effectively mix with the absorbent. Porocus material 76 also preferably
compresses, but does not permanently deform, in response to the increased
pressure caused by the expansion of the absorbent during the absorption
reaction. After the load to be cooled is cooled to the desired temperature,
microwave radiation from microwave generator 62 is directed to the complex
compound in cooling engine 72 to desorb the refrigerant molecules from the
absorbent as previously described. The resulting pressurized refrigerant gas
expands to the condenser section 56 of cooling engine 72. The refrigerant
then condenses and coliects in receiver 46. The process then repeats

according to the above description.
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Figure 4 depicts cooling engine 72 as it would be inserted in the wave
guide connected to microwave generator 62. Altematively, engine 72 can
be constructed as an integral part of the microwave cavity. Cooling fins 78
on cooling engine 72 serve to help condense the refrigerant and remove the
heat of absorption from the absorbent. Fins 78 are preferably cooled by the
same fan used to cool the components of microwave generator 62.

As an example of the operation of refrigeration system 44, assume
250ml of volume is available within a 900W microwave oven cabinet for
cooling engine 72. Over a four minute period, cooling engine 72 can provide
approximately 400W of cooling, after which it would need to recharge, or
desorb, for approximately three minutes. After the recharge period,
refrigeration system 44 is immediately ready to cool for another four minute
period. If continuous cooling is desired, the absorbent may be divided into
two separate sections, which are altemately excited by microwave generator
62. In essence, generator 62 would continuously cycle one volume or the
other. By doing so, the duty cycle of generator 62 is increased, thereby
raising the cooling power level of cooling engine 72. |

in another embodiment of the invention particularly applicable to
cryogenic cooling, a cryogen such as methane may be used as the
refrigerant in conjunction with cooling engine 72. In this manner, a closed-
circuit cryogenic cooiing of superconducting magnets, electronic
components and the like may be achieved. -

In yet another embodiment of the invention, the refrigeration system
44 may be combined with a conventional microwave oven to provide an
appliaince capable of both heating and cooling. In this embodiment, the
microwave generator of the microwave oven is used to désorb the

refrigerant from the absorbent. Thus, a single microwave generator may be
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used to effect both heating and cooling. In this embodiment, suitable wave
guides and shuttering means are provided to direct the microwaves into
either the microwave cavity, when heating is desired, or the sorber, when
cooling is desired.

5 While the term absorption has been used herein to describe the
reaction in which the refrigerant is combined with the sorbent, such a
reaction could be classified as absorption, depending on whether the
reaction changes the chemical composition of the sorbent. The teachings of
the present invention are equally applicable to absorption reaction systems.

10 It should be recognized that, while the present invention has been
described in relation to the preferred embodiments thereof, those skilled in
the art may develop a wide variation of structural details without departing
from the principles of the invention. Therefore, the appended claims are to
be construed to cover all equivalents falling within the true scope and spirit

15 of the invention.
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1. An absorbent pair refrigeration system comprising:
a source of liquid refrigerant;
an evaporator for transforming the liquid refrigerant into vapor
5 refrigerant at a lower temperature than the liquid refrigerant to thereby
provide a cooling effect;

a volume of chemical absorbent in communication with the
evaporator,

wherein the vapor refrigerant is absorbed onto the chemical

10 absorbent;

electromagnetic wave generator means for desorbing the
refrigerant from the chemical absorbent; and

a condenser in communication with the chemical absorbent for
condensing the vapor refrigerant which has been desorbed from the

15 chemical absorbent;

Wherein the chemical absorbent is not heated by the
electromagnetic wave generator means to a degree sulfficient to thermally
desorb the refrigerant from the chemical absorbent.

2. The system of claim 1, wherein the chemical absorbent is a
20 metal halide salt.
3. The system of claim 2, wherein the chemical absorbent is
strontium bromide and the refrigerant is ammonia.
4. A refrigeration system comprising:

a refrigerant;

25 means for evaporating the refrigerant to provide a cooling
effect;

a sorbent in communication with the evaporating means;
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* wherein the sorbent and the refrigerant from the evaporating
means combine in a sorption reaction;
electromagnetic wave generator means for desorbing the
refrigerant from the sorbent;
wherein electromagnetic energy from the electromagnetic
wave genefator means is convened into work which acts to separate the
refrigerant from the sorbent; and
means in communication with the sorbent for condensing the
refrigerant which has been desorbed from the sorbent.
5. The system of claim 4, wherein the sorbent is a metal halide
salit. |
6. The system of claim 5, wherein the sorbent is strontium
bromide and the refrigerant is ammonia.

7. A method for producing a cooling effect comprising the steps

of:

providing a refrigerant;

providing a sorbent;

combining the refrigerant with the sorbent to effect a sorption
reaction; '

applying electromagnetic energy to the refrigerant/sorbent
combination to desorb the refrigerant from the sorbent;

wherein the electromagnsetic energy is converted into work
which acts to separate the refrigerant from the sorbent;

evaporating the refrigerant that has been desorbed from the

sorbent to achieve the cooling effect.



