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(57) Abstract: An air conditioning and water producing system includes a heat pumping unit and a membrane contactor in thermal
communication with the heat pumping unit. The membrane contactor is contigured such that a first brine flow is cooled by the heat
pumping unit and diluted at the membrane contactor. A distiller is in thermal communication with the heat pumping unit and the
membrane contactor such that a second brine flow is heated by the heat pumping unit and conveyed through the distiller. Thermal
interaction between the second brine flow and the first brine flow flowing through the distiller extracts water from the second brine

flow.
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AIR CONDITIONING SYSTEM WITH DISTILLED WATER PRODUCTION FROM AIR

BACKGROUND OF THE INVENTION
[0001] The subject matter disclosed herein relates to air conditioning systems. More
specifically, the subject disclosure relates to humidity control for air conditioning systems.
[0002] Heating, ventilation, air conditioning and refrigeration (HVAC&R) systems
produce large quantities of heat which are rejected to the ambient environment, especially
when the HVAC&R system is operated in cooling mode. The rejected heat represents an
efficiency loss to the system. The art would well receive improvements to the HVAC&R

system to productively utilize this otherwise rejected heat.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to one aspect of the invention, an air conditioning and water
producing system includes a heat pumping unit and a membrane contactor in thermal
communication with the heat pumping unit. The membrane contactor is configured such that
a first brine flow is cooled by the heat pumping unit and diluted at the membrane contactor. A
distiller is in thermal communication with the heat pumping unit and the membrane contactor
such that a second brine flow is heated by the heat pumping unit and conveyed through the
distiller. Thermal interaction between the second brine flow and the first brine flow flowing
through the distiller extracts water from the second brine flow.

[0004] According to another aspect of the invention, a method of extraction of water
from air includes cooling a first brine flow at a heat pumping unit and absorbing moisture
into the first brine flow via an enthalpy exchange between the first brine flow and an airflow
at a membrane contactor. A second brine flow is heated at the heat pump and the first brine
flow and the second brine flow are conveyed into a distiller. Water is extracted from the
second brine flow at the distiller.

[0005] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The subject matter, which is regarded as the invention, is particularly pointed

out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
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and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:
[0007] The Figure is a schematic of an embodiment of an air conditioning system.
[0008] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Shown in the Figure is a schematic of an air conditioning system 10. The
system 10 includes a heat pump unit 12. It is to be appreciated that while a heat pump 12 is
shown in the Figure and described herein, it is merely exemplary and other types of air
conditioning units such as chillers, absorption chillers and/or vapor compression chillers may
be utilized in the system 10. The heat pump 12 includes a condenser 14, a compressor 16, an
evaporator 18 and an expansion valve 20. A refrigerant pathway 22 circulates refrigerant
through the condenser 14, compressor 16, evaporator 18 and expansion valve 20. An enthalpy
exchanger, for example, a membrane contactor 24, is connected to the evaporator 18 via one
or more evaporator outlet pathways 26 which transports a first flow of brine 28a from the
evaporator 18 to the membrane contactor 24. The enthalpy exchanger is capable of
transferring latent and sensible heat at the same time. The first brine flow 28a is cooled in the
evaporator 18 via exchange of thermal energy with the refrigerant flowing through the
evaporator 18. The first brine flow 28a flows through the membrane contactor 24 and absorbs
thermal energy and moisture from a flow of process air 30, which may be outdoor air or air to
be cooled in a building or other structure. Thus the first brine flow 28a is diluted (via the
absorption of moisture) and warmed (by thermal energy exchange with the process air).

[0010] A brine system 32 is connected to the membrane contactor 24 via one or more
diluted brine pathways. In some embodiments, the brine system 32 includes a brine pump 36
and a brine sump 38. The diluted first brine flow 28a is routed to the brine sump 38 and
pumped out of the brine system 32 by the brine pump 36. The first brine flow 28a from the
brine pump 36 is divided into at least two portions, with a first portion 28a conveyed to the
evaporator 18 and flowed therethrough and then to the membrane contactor 24 as described
above. The second portion 28a is conveyed to a distiller, for example, a liquid gap membrane
distiller 40, which can be driven by low temperature heat from the condenser 14. The second
portion 28a flows through the distiller 30 and picks up the condensing heat from the

distillation process.
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[0011] A second brine flow 28b is circulated through the condenser 14 and is further
heated via a thermal energy exchange with the flow of refrigerant through the condenser 14.
This heated second brine flow 28b is routed to the distiller 40 and flowed therethrough. With
the two separate brine flows 28a and 28b flowing through the distiller 40, the temperature
difference between the second brine flow 28b and the relatively cooler first brine flow 28a
causes water vapor transfer from warmer brine 28b across hydrophobic porous membranes
(46) and condense at the surface of solid tubes (48) and becomes distilled water 42. The
distilled water 42 may be collected in a storage tank 44.

[0012] The first brine flow 28a, pre-heated by the condensing heat from the distilled
water 42, exits the distiller 40 and is circulated through the condenser 14 and back to the
distiller 40 as the second brine flow 28b to enter into the porous membrane side 46 of the
distiller 40. The second brine flow 28b, having water distilled from it, is conveyed from the
exit of the membrane 46 side of distiller 40 to and across a heat exchanger, for example, a fan
coil 50, where heat is rejected from the second brine flow 28b to the ambient environment,
which may be outside air or room exhaust. The second brine flow 28b is then routed to the
brine sump 38 for recirculation through the system 10.

[0013] The system 10 described herein collects moisture from air and cools the air,
thereby reducing humidity and temperature if so desired and utilizes heat from condenser 14
to distill water from a brine 28 circulated through the system 10.

[0014] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
1. An air conditioning and water producing system comprising:

a heat pumping unit;

a membrane contactor in thermal communication with the heat pumping unit
configured such that a first brine flow is cooled by the heat pumping unit and diluted
at the membrane contactor; and

a distiller in thermal communication with the heat pumping unit and the
membrane contactor such that a second brine flow is heated by the heat pumping unit
and conveyed through the distiller, thermal interaction between the second brine flow
and the first brine flow flowing through the distiller extracts water from the second
brine flow.

2. The system of Claim 1, further comprising a heat exchanger to reject heat from
the second brine flow after distillation.

3. The system of Claim 1, further comprising a brine pump to pump at least a
portion of the first brine flow to the heat pumping unit.

4. The system of Claim 1, wherein the cooling unit is a vapor-compression heat
pump or a sorption heat pump.

5. The system of Claim 4, wherein the membrane contactor is thermally connected
to an evaporator of the cooling unit via the first brine flow.

6. The system of Claim 4, wherein the distiller is thermally connected to a
condenser of the heat pumping unit via the second brine flow.

7. The system of Claim 1, wherein the distiller is a liquid gap membrane distiller.

8. The system of Claim 1, wherein the membrane contactor is configured to cool
process air via the first brine flow.

9. The system of Claim 1, further comprising a tank for storage of the distilled
water.

10. A method of extraction of water from air comprising:

cooling a first brine flow at a heat pumping unit;

absorbing moisture into the first brine flow via a thermal energy exchange
between the first brine flow and an airflow at a membrane contactor;

heating a second brine flow at the heat pumping unit;

flowing the first brine flow and the second brine flow into a distiller; and

extracting water from the second brine flow at the distiller.
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11. The method of Claim 11, further comprising rejecting heat from the second brine
flow after extracting water therefrom.

12. The method of Claim 10, further comprising pumping at least a portion of the
first brine flow to the cooling unit.

13. The method of Claim 10, wherein the cooling unit is a vapor-compression heat
pump or a sorption heat pump.

14. The method of Claim 13, wherein the first brine flow is cooled at an evaporator
of the heat pumping unit.

15. The method of Claim 13, wherein the second brine flow is heated at a condenser
of the heat pumping unit.

16. The method of Claim 10, wherein the distiller is a liquid gap membrane distiller.

17. The method of Claim 10, further comprising cooling the airflow at the membrane
contactor.

18. The system of Claim 10, further comprising storing the distilled water in a tank.
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