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(57) A process of separating water from ambient air involves a liquid desiccant to first withdraw water from air and
treatment of the liquid desiccant to produce water and regenerated desiccant. Water lean air is released to the
atmosphere. Heat generated in the process is recycled. The drying capacity, or volume of water produced, of the system
for a given energy input is favoured over the production of dried air.
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preferably used to cool a heat exchanger 54 which cools the
hygroscopic solution 20 before it enters a supply pipe 78 leading to
the nozzle 26 of the water adsorption chamber 12. Once again, the
alternate contact methods discussed above and/or the use of a
plurality of contact stages, which may be operated counter current,
may be used. Discussion of the present embodiment is primarily
intended to illustrate an efficient alternate method for separating
water from the water enriched desiccant.

Referring now to Figure 3, a circulation pump 88 causes
the water rich hygroscopic solution 36 to travel from the bottom of
the water adsorption 12 to a flow-splitter 104. From the flow-splitter
104, the total flow of water rich hygroscopic solution 36 is divided
into two separate flows, a heat collecting flow 106 and a heated flow
108. Preferably the heat collecting flow 106 is approximately 40% of
the total flow entering the flow-splitter 104 and the heated flow 108
is further subdivided into 3 separate flows each having 20% of the
total flow entering the flow-splitter 104.

All flows pass through an evaporation chamber 110
which includes a first evaporation area 112 at the bottom, three
vacuum chambers 114 located sequentially above the first
evaporation chamber 112. It will be appreciated that evaporation
chamber 110 may have a plurality of chambers and may be of
varying configurations. The vacuum chambers 114 are maintained
at less than atmospheric pressure by vacuum pumps 116. On top of
the upper most vacuum chamber 114 is top chamber 118. The
overall structure of the evaporation chamber 110 is such that each of
the first evaporation chamber 112, the vacuum chambers 114 and
the top chamber 118 are stacked one on top of the other and
separated by condensing dishes 120. The conditions inside each of
the first evaporation chamber 112 and vacuum chambers 114 are
such that water vapour 50 leaves water rich hygroscopic solution 36

which flows into the bottom of each of the first evaporation
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chamber 112 and the vacuum chambers 114. The water vapour 50
rises to the top of each of the first evaporation chamber 112 and the
vacuum chambers 114 and condenses on the condensing surface
such as dish 120 positioned adjacent the top of each of these
chambers. Water droplets 58 form on the lower surface of the
condensing dishes 120, collect at the centre of the condensing dishes
120 and fall to water collectors 60 where a pool of water 62 forms and
flows to a storage tank 122. Each condensing dish 120 is warmed by
the heat of condensation of the water vapour 50 condensing on it
and thus warms the water rich hygroscopic solution 36 flowing in
the respective chamber 114 or 118 positioned thereabove.

At steady state conditions, in each chamber 114, the
latent heat in the hygroscopic solution, the heat from the vacuum
chamber 114 or first evaporation chamber 112 below the chamber
114, in combination with the vacuum produced by the vacuum
pumps 116 is sufficient to cause water in the water rich hygroscopic
solution 36 to vaporize. Thus water rich hygroscopic solution 36
enters from the left side of each of the vacuum chambers 114 as
illustrated and a more concentrated hygroscopic solution 20 exits
from the right side of each of the vacuum chambers 114 as
illustrated. The hygroscopic solution 20 in the heated flow 108 then
flows through indirect liquid heat exchangers 86 to a flow collector
124.

The heat collecting flow 106 is similarly treated in the
first evaporation chamber 112 where water vapour 50 leaves the
water rich hygroscopic solution 36 entering on the left side of the
first evaporation chamber 112 as illustrated and hygroscopic
solution 20 leaves from the right side of the first evaporation
chamber 112 as illustrated. There is no vacuum in the first
evaporation chamber 112 but the heat collecting flow 106 is
sufficiently heated by the time that it enters into the left side of the

first evaporation chamber 112, as will be describe below, to cause
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water within it to vaporize. The hygroscopic solution 20 leaving
from the right side of the first evaporation chamber also preferably
flows through a liquid heat exchanger 86 to the flow collector 124.

Between the flow-splitter 104 and the flow-collector 124,
the heat collecting flow 106 is warmed by heat liberated in other
parts of the process. The heat collecting flow 106 flows through the
top chamber 118 where it is warmed by the heat of condensation of
the upper vacuum chamber 114. The heat collecting flow 106 then
travels through the liquid heat exchangers 86 collecting heat
preferably from all flows leaving the right side of the evaporation
chamber 110 while those flows are simultaneously cooled. The heat
collecting flow 106 then preferably travels through a jacket 90 on the
fan 30 and is warmed by heat produced by the fan 30. In a further
embodiment, not illustrated, heat could also be collected from the
cooling fan 52. As mentioned above, by the time that the heat
collecting flow 106 enters the left side of the first evaporation
chamber 112, it is sufficiently heated to cause vaporization of the
water within it. Due to heat transfer inefficiencies external heating
means, as discussed above with respect to Figure 1, may optionally
be used to supplement the heat transfer at steady state conditions.

Hygroscopic solution 20 which is collected from all
sources at the flow collector 124 preferably is concentrated to
maintain the concentration of the hygroscopic solution substantially
stable throughout the reactor, eg. it may maintain a concentration of
30 - 40% lithium chloride throughout the system. A return pump
126 pushes the hygroscopic solution 20 from the flow collector 124 to
the heat exchanger 54 and the supply pipe 78 to complete the
process.

Now referring to Figure 3B, a further alternate
embodiment of the second alternate reactor 102 is shown where
modifications have been made to the flow pattern between the flow-

splitter 104 and the flow collector 124. As in Figure 34, the flow of
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water rich hygroscopic solution 36 is split in the flow-splitter 104
into a heat collecting flow 106 and a heated flow 108. In Figure 3B,
the flow path of the heated flow 108 is unchanged but the
circulation of the heat collecting flow 106 is modified.

As shown in Figure 3B, the heat collecting flow 106 is
warmed by the heat of condensation of the condensing dish 120 that
is the bottom of the top chamber 118. As the heat collecting flow 106
leaves the right side of the top chamber 118 it flows through liquid
heat exchangers 86 which have been warmed while simultaneously
cooling the heated flows 108 leaving the right side of the
evaporation chamber 110. In contrast to the embodiment shown in
Figure 3A, however, the heat collecting flow 106 leaving the right
side of the evaporation chamber 110 does not flow through a heat
exchanger 86. Accordingly, once the heat collecting flow 106 leaves
the last heat exchanger 86 warmed by the heated flow 108 it then
flows directly to the jacket 90 surrounding the fan 30 where it is
warmed by the heat of the fan motor. The heat collecting flow 106
then enters the first evaporation chamber 112 at the left side having
been sufficiently warmed to cause vaporization of water contained
in the water rich hygroscopic solution 36. The heat collecting flow
106, now consisting of hygroscopic solution 20, leaves the right side
of the first evaporation chamber 112 and flows through liquid heat
exchangers 86 located in each of the vacuum chambers 114 wherein
the heat collecting flow 106 is simultaneously cooled while
warming the heated flows 108 in the vacuum chambers 114. The
heat collecting flow 106 then returns to the flow collector 124. As a
further alternative, the heat collecting flow might also be re-joined
with the heated flow at a point between the pump 126 and the heat
exchanger 54.

A further alternative embodiment, not illustrated, is to
use a reverse osmosis process wherein the water rich hygroscopic

solution is contacted, eg., under pressure against the feed side of a
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solute impermeable membrane. Water is then collected from a
permeate side of the membrane while a retentate of re-concentrated
hygroscopic solution is withdrawn from the feed side of the

membrane.



