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(57) ABSTRACT 

A dehumidi?er unit for pre-conditioning air delivered to a 
multiplicity of separate refrigeration air conditioner units 
and especially ductless systems Where the compressor 
condenser unit is separate from the fan-coil unit, and assisted 
by heat pipe transfer of heat from air dehumidi?ed through 
a desiccant Wheel and by heat of compression from the 
condenser of one compressor-condenser unit, and With a 
heater to maintain the temperature of regeneration air 
through the Wheel, one dehumidi?er unit pre-conditioning 
air for a multiplicity of refrigeration air conditioners or 
fan-coil units. 

43 Claims, 7 Drawing Sheets 
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DESICCANT ASSISTED MULTI-USE AIR 
PRE-CONDITIONER UNIT WITH SYSTEM 

HEAT RECOVERY CAPABILITY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

PREFERRED EMBODIMENT 

This invention relates to a versatile multi-use stand-alone 
dehumidi?er unit adapted to pre-condition air in conjunction 
With, but not necessarily With refrigeration systems, 
Whereby optimum humidity is attained in differing climatic 
conditions, Waste heat being used When available for ef? 
ciency in the operation of both the dehumidi?cation means 
and the refrigeration air conditioning means When combined 
therewith. Humidity has its effect upon building 
construction, as high humidity reduces the presence of mold 
and mildew, and can be controlled to levels Which contribute 
to the elimination of bacteria propagating environments, For 
example, refrigeration air conditioner systems in humid 
environments are often inadequate With respect to accept 
able humidity control, With or Without refrigeration incor 
porated therein. And, in Wet environments refrigeration air 
conditioner systems utilizing refrigerant cooled air coils are 
often overtaxed and their ef?ciency adversely affected. 
Humidity control becomes in important factor, not only as 
related to human comfort, health and to structural deterio 
ration etc., but also as to adequacy of dehumidi?cation and 
its ef?cient application. Accordingly, it is a general object of 
this invention to provide a versatile humidi?cation control 
ling heat recovery unit adaptable to ef?cient operation in 
diverse climatic conditions, standing alone and/or in com 
bination With air refrigeration systems. A feature of this 
stand-alone air pre-conditioner unit When combined With air 
conditioned refrigeration systems is increased ef?ciency of 
the refrigeration system While recovering Waste heat there 
from that is advantageously employed in the ef?cient opera 
tion of said stand-alone air pre-conditioner unit. 

State of the art practice for smaller commercial, institu 
tional and industrial use buildings is to split the conventional 
package air conditioning system into small separately func 
tioning units, With regard to the air handling, one section 
including circulating fan, ?lter, expansion valve and coil, 
and knoWn as a fan-coil unit, and the other section involving 
the refrigeration machinery including compressor, 
condenser, receiver and the ?xed piping, and knoWn as the 
compressor unit. The condensers can be air cooled or Water 
cooled, this practice of separation being knoWn in the 
industry as “Ductless” of “Mini-Split” systems. And, in 
carrying out this practice, the air handling fan-coil unit and 
the compressor-condenser unit are separated, in order to 
facilitate installation and maintenance thereof. Thus, the 
fan-coil unit is readily adapted to optimum placement proxi 
mate to the conditioned space, While the compressor 
condenser unit is adapted to optimum (remote) placement 
for noise abatement and servicing access. Accordingly, it is 
an object of this invention to provide a dehumidi?er/ 
humidi?er With so-called Ductless or Mini-Split 
installations, and in the form of stand-alone air pre 
conditioner units. That is, the air pre-conditioner unit or 
units disclosed herein is each a complete dehumidi?er that 
is convertible to various air conditioning forms. Being 
“stand-alone” this pre-conditioner unit is operable 
independently, or it is operable in combination With refrig 
eration air conditioner systems. characteristically, this 
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2 
stand-alone air pre-conditioner is adapted to be converted in 
its air ducting and in its heat source application, it being an 
object to provide internal ducting modi?cations that are 
compatible With variations in the application of outside air 
and exhaust air, as circumstances require With regard to 
prevailing environmental conditions. 

It is an object of this invention to provide a basic 
dehumidi?er, preferably of the desiccant type, Wherein there 
are at least tWo columns of air, a ?rst column of air that is 
dehumidi?er, and a second column of air for regeneration. 
Also, a third column of air split off from incoming bloWer 
air for removal of heat and exhausted. Accordingly, it is 
another object of this invention to provide said basic unit 
With permanent ducting that is convertible to implement 
usable combinations of said three columns of air. And, it is 
still another object of this invention to provide selectively 
installed partitions that convert said permanent ducting to 
the usable combination of said three columns of air. In 
practice for example, ef?cient and effective dehumidi?ca 
tion in a hot dry climate Will require implementation of said 
third air column that directly exhausts heat removed from 
the ?rst mentioned column of dehumidi?ed air, Whereas a 
Wet humid climate Will require utilization of said heat 
removal in the aforesaid regeneration column of air. A 
feature is the permanent unchanged ducting in this basic 
stand-alone pre-conditioner unit that is converted by the 
selective use of partitions of special con?guration and each 
for a speci?c functional purpose, as shoWn and hereinafter 
described. 
The process of dehumidi?cation With desiccant adds heat 

to the column of air being treated, it being an object to 
remove this heat before it reaches the refrigeration cooling 
coil, and for this purpose a heat pipe is employed With its hot 
end in the dehumidi?ed air side of the desiccant, in this 
embodiment a desiccant Wheel. The cold side of the heat 
pipe is in the aforesaid second or third column of air and the 
heat absorbed therefrom and exhausted. In accordance With 
this invention, evaporative cooling of said second or third 
column of air can precede the heat pipe adsorption of heat 
extracted from the ?rst column of supply air. 

During a Winter heating cycle, the desiccant Wheel 
absorbs moisture from exhaust air and humidi?es outside 
incoming air, and the heat pipe Will automatically reverse its 
direction of heat How and extracts heat from exhaust air and 
using it to pre-heat incoming cold air. 

The process of dehumidifying With desiccant requires the 
regeneration or strengthening of the Weakened moisture 
laden desiccant. This process requires the application of heat 
to said second column of regeneration air, heat being avail 
able from the heat pipe that transfers heat from said ?rst 
column of dehumidi?ed air to said second column of regen 
eration air (or the third air column) and/or from any supple 
mentary heat source. In carrying out this invention, there are 
tWo supplementary heat sources, one a heater means per se, 
and the other a Waste heat transfer means from combined 
equipment. In practice, said heater means is a direct gas ?red 
heater or an electric heater, and said Waste heat transfer 
means is a condenser coil of a refrigeration compressor 
condenser unit used in combination With this or a number of 
these stand-alone air pre-conditioner unit. It is an object of 
this invention to advantageously employ this Waste heat for 
the bene?t of both the air pre-conditioner unit herein dis 
closed and also the compressor-condenser unit from Which 
the heat is taken. That is, ef?ciency of both units is 
enhanced, utilizing condenser coils in parallel and prefer 
ably in series, and one of Which is in the aforementioned 
second regeneration air column. 
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Aprimary objective of this invention is to provide an air 
pre-conditioner unit that is convertible so as to have the 
capability of several ducting con?gurations, to be employed 
as circumstances require. Accordingly, there is a ?rst ducting 
assigned solely to the aforesaid ?rst column of air that is 
dehumidi?ed, there is a second ducting for desiccant regen 
eration and exhausted, there is a third ducting for utiliZing 
and/or removal of heat from the dehumidi?ed air column, 
and there is a fourth ducting that is shared With the aforesaid 
second and third ducting; the second ducting column solely 
for desiccant regeneration, and the third column solely for 
removal of heat and exhausted. In carrying out this 
invention, the above stated ducting conversions are achieved 
by providing partitions applied to the permanent duct 
structures, as Will be described, to rout the air columns as 
required. There are no partitions applied to the ?rst men 
tioned air column. HoWever, partitions are applied to the 
second, third and fourth mentioned ductings. The second 
and third mentioned air column ductings are partitioned as 
shoWn in FIG. 10 so as to implement split outside air ?oW 
continuity through the third mentioned ducting to eXhaust, 
and parallel ?oW through the second mentioned ducting to 
eXhaust, said split outside air rejoining for eXhaust. The 
same second and third mentioned air column ductings are 
partitioned as shoWn in FIG. 11 so as to implement outside 
air ?oW continuity through the third mentioned ducting, then 
through the fourth mentioned ducting and then through the 
second mentioned ducting to eXhaust. The basic convertible 
air pre-conditioner unit is shoWn in FIG. 1 Without the 
partitions, fourth duct and modules that are employed to 
implement the operative con?gurations shoWn in FIGS. 10 
and 11. 
By using the condenser coils in parallel, the siZe of the 

refrigeration unit or compressor unit condenser coil is sub 
stantially reduced, Which is a cost saving feature. And, by 
using the condenser coils in series, the total refrigerant How 
is diverted, ?rst to be cooled by the aforementioned second 
column of regeneration air for maXimiZed heat absorption 
and then to the compressor unit condenser coil of substan 
tially reduced and smaller siZe, Whereby considerably less 
energy is eXpended to complete the condensing-cooling 
process and With a comensurate cost saving in the use of 
energy. 
An object of this invention is to advantageously combine 

the instant air pre-conditioner unit With refrigeration 
condenser units that supply usable refrigerant to fan-coil 
units. With the present invention, efficiency of the 
compressor-condenser unit is increased While removing 
Waste heat of compression therefrom. Said Waste heat is then 
supplemented in the air pre-conditioner unit and used for 
regenerating the dilute desiccant. Afeature of this refrigerant 
circuit is the second condenser in parallel or in series, the 
latter being preferred and having the advantage of removing 
heat so that the compressor-condenser unit operates more 
ef?ciently by rejecting heat at loWer condenser temperature 
and pressure, and With the result that a smaller condenser 
coil can be used. This Waste heat use circuit is applicable to 
both conventional fan-coil and compressor units, and to 
separate min-split units, as shoWn herein. 

The air pre-conditioner unit is versatile in its application 
to both old and neW construction, With or Without refrigera 
tion air conditioning, and With or Without dehumidi?cation, 
it being an object of this invention to provide dehumidi? 
cation Where it is desired or previously dif?cient, and in 
Whatever climatic condition. Return air from the air condi 
tioned space together With a minimum of outside air is 
pre-conditioned and a maXimum of outside air is returned 
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through fan-coil refrigeration units. It is an object of this 
invention to provide a pre-conditioner unit that coordinates 
the air ?oW columns While dehumidifying the air delivered 
through the fan-coil refrigeration units in the air conditioned 
space. 

Another feature of this invention is the use of evaporative 
cooling to improve the heat pipe function of removing heat 
from the ?rst mentioned ducting. This feature is imple 
mented When relatively dry outside or return air is available. 
An evaporation module is installed as Will be described, to 
close an access opening provided therefor. 

SUMMARY OF THE INVENTION 

The inventive concept herein disclosed provides a versa 
tile air pre-conditioner that is adapted to be implemented in 
various con?gurations as a stand-alone unit, in that it is self 
suf?cient, if need be, to humidify or dehumidify incoming 
air. Outside air and/or return air from conditioned space is 
processed, With or Without refrigeration, to be dehumidi?ed 
in hot-Wet climate, and humidi?ed in cold-dry climate 
conditions. The structural con?guration of this air pre 
conditioner can vary Widely, as to siZe, shape and disposition 
of the ducting means therein, and characteriZed by tWo 
dedicated ducting means, and at least one additional ducting 
means that processes Waste heat from the desiccant dehu 
mi?cation process employed therein, the quantity of said 
Waste heat being adequate but lacking in temperature. 
Accordingly, a supplemental heater means is provided to 
furnish the difference for effective regeneration of Weakened 
desiccant. The need for supplemental heat is greatly reduced 
When this air pre-conditioner is combined With a refrigera 
tion system Wherein substantial amount of heat is available 
from the Waste heat of compression. To this end, a maXimum 
amount of heat is taken from the condenser circuit of the 
refrigeration system, by placing a second condenser coil in 
parallel or preferably in series thereWith, the advantage of 
Which has been described. 
A feature of this invention is the singular unit design that 

is convertible to many installation requirements and 
situations, a compact design Without Wasted space and 
utiliZed to best advantage With energy savings by maXimum 
use of Waste heat from Whatever heat source and especially 
from the condenser circuit of the associated refrigeration air 
conditioning system. 
The foregoing and various other objects and features of 

this invention Will be apparent and fully understood from the 
folloWing detailed description of the typical preferred forms 
and applications thereof, throughout Which description ref 
erence is made to the accompanying draWings. 

THE DRAWINGS 

FIG. 1 is a longitudinal side vieW of the basic multi-use 
air pre-conditioner in its non implemented condition, this 
and the folloWing draWing ?gures being schematic. 

FIGS. 2, 3 and 4 are sectional vieWs taken as indicated by 
lines 2—2, 3—3 and 4—4 on FIG. 1. 

FIG. 5 is a longitudinal side vieW of a duct (ducting means 
D) that is adapted to the basic structure of FIG. 1 to rout 
regeneration air as may be required. 

FIGS. 6 and 7 are sectional vieWs taken as indicated by 
lines 6—6 and 7—7 on FIG. 5 and similar to FIGS. 3 and 
4 in that they include the corresponding structure of FIG. 1. 

FIG. 8 is a perspective fragmentary section of a heat pipe 
con?guration employed herein as the heat transfer means; 
and P FIG. 9 is an enlarged fragmentary sectional vieW 
shoWing an improved ?nned heat pipe and its internal heat 
?oW. 
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FIGS. 10 and 11 are each longitudinal side views of the 
basic structure of FIG. 1, illustrating the tWo conversions of 
this pre-conditioner as they are implemented by the 
partitions, ducts, and modules applied thereto. 

FIG. 12 is an illustration of a desiccant Wheel as it is used 
herein, to shoW the movement and areas thereof applied to 
dehumi?cation and to regeneration (normal application). 

FIG. 13 is a vieW of the pre-conditioner implemented as 
it is in FIG. 10, shoWing it in Working combination With a 
fan-coil compressor package unit air conditioner, and With a 
second condenser coil in parallel With the condenser coil of 
the compressor section of the package unit. 

FIG. 14 is an enlarged vieW of the evaporative cooler 
module as it is shoWn employed in FIGS. 11, 13 and 15. 

FIG. 15 is a vieW of the pre-conditioner implemented as 
it is in FIG. 11, shoWing it in Working combination With a 
ductless or mini-split combination of a fan unit and a 
compressor-condenser unit, and With a second condenser 
coil in series With the condenser coil of the latter unit 
thereof. 

FIG. 16 is a schematic of a typical system installation 
involving fan-coil compressor package units as shoWn in 
FIG. 13, the air pre-conditioner being implemented as 
shoWn in FIG. 13. 
And FIG. 17 is a schematic of a typical system installation 

involving ductless or mini-split units as shoWn in FIG. 15, 
the air pre-conditioner being implemented as shoWn in FIG. 
15. 

PREFERRED EMBODIMENTS 

Referring noW to FIGS. 1—4 of the draWings, the multi 
use air pre-conditioner PC is shoWn in its basic non imple 
mented and ready to operate condition, comprised generally 
of a ?rst ducting means A dedicated to humidi?cation and 
dehumidi?cation of a column of air, a second ducting means 
B dedicated to regenerating Weakened desiccant When oper 
ating in the dehumidi?cation mode, a third ducting means C 
utiliZed With a heat transfer means T to remove heat from the 
?rst mentioned ducting means, and a fourth adaptable duct 
ing means D that is shared With ducting means B and C and 
utiliZed With said heat transfer means T and return air 
through ducting means C and ducting means B for regen 
eration. The second ducting means B houses heater means H 
that supplements the Waste heat of absorption from heat 
transfer means T, and from the refrigeration condenser coil 
When it is implemented. An evaporative cooling means E is 
provided for insertion into the ducting means C so as to 
increase the effectiveness of the heat transfer means T. 
Placement spaces for opening and closures therefor, and for 
ducting means D and module E are provided in the ducting 
means B and C, as Will be described as they are incorporated 
in each of said means to implement the functions required. 
Desiccant dehumidi?cation is carried out by a desiccant 
Wheel W With diametrically opposite segments thereof 
rotated by motor means M through the cross sections of 
ducts A and B, as shoWn. In carrying out this invention and 
it its preferred form, there are basically tWo columns of air 
reversely transported through ducting means A and B by 
means of bloWers or fans F1 and F2, as shoWn. Implemen 
tation of this air pre-conditioner is by installation therein of 
predetermined closure partitions, duct means D and module 
E as may be required and as clearly shoWn in FIGS. 10 and 
11. 

The ducting means A dedicated to the dehumidi?cation of 
a column of air (in a normal dehumidifying mode) is clearly 
shoWn in FIG. 1 as a longitudinally disposed through duct 
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6 
for left to right air ?oW. In order to carry out the air 
pre-conditioning process involved, the ducting means A has 
an intake section 10, an air processing section 11, a heat 
transfer section 12, and a discharge section 13. The intake 
section is open to receive outside air or to receive return air 
from the conditioned air space, and either receives bloWer 
air or preferably houses the intake fan F1 for delivery of an 
air column through the desiccant Wheel W and heat transfer 
means T and discharge from section 13 as supply air to 
conditioned space. 
The ducting means B dedicated to regeneration by a 

column of air (in a normal dehumidi?cation mode) is clearly 
shoWn in FIG. 1 as a longitudinally through duct for reverse 
right to left air ?oW. A feature of this invention is that the 
ducting means B is contiguous to and disposed alongside the 
ducting means A and is substantially coextensive With said 
ducting means A. In order to carry out the air pre 
conditioning process involved, the ducting means B has an 
intake section 15 alongside section 13 of means A, an air 
processing section 16 alongside section 11 of means A, and 
a discharge section 17 alongside section 10 of means A. And, 
in accordance With this invention, ducting means B has a 
Waste heat section 18 and a supplemental heat section 19 
intermediate the sections 15 and 16 thereof. [The section 18 
houses the heater means T and the] The section 19 houses the 
supplemental heater means H. Whereas the ducting means A 
is essentially an imperforate duct, the ducting means B is 
characteriZed by How control means spaces for openings, 
and closures, and air column directing means, as folloWs: 
The intake section 15 is open laterally in at least one and 

preferably tWo directions, a ?rst direction to receive bloWer 
air from duct C, and a second direction to receive recircu 
lated Waste heat air through duct D. As shoWn, the ducting 
means B overlies the ducting means A, and the ducting 
means C, neXt described, underlies said ducting means A, in 
Which case the intake section 15 has a ?rst doWnWardly 
disposed ?oW control means 21 space (see FIG. 2) Which is 
initially open or can be opened to the duct C and/or to an 
intake fan F2. And, the intake section 15 has a second 
upWardly disposed ?oW control means 22 space (see FIG. 4) 
Which is initially open or can be opened to the duct D for 
recirculation of Waste heat from duct C and driven by said 
intake fan F2, as Will be described. The discharge section 17 
of ducting means B is an imperforate duct directed doWn 
Wardly alongside the intake section 10 of meansAto exhaust 
at 23 (see FIG. 2). 
The ducting means C transports the regeneration air 

column either directly through the ducting means B or 
indirectly though the Waste heat transfer means T, and 
alternately to eXhaust at 23‘ (see FIG. 1). Means C is a 
longitudinally disposed duct for reverse right to left How and 
is contiguous to and disposed alongside of the ducting 
means A and is substantially coextensive With said ducting 
means A. In order to carry out this air pre-conditioning 
process, the ducting means C has an intake section 25 
alongside 13 of means A, a heat transfer section 26, and a 
discharge section 27 alongside section 10 of means A. The 
intake section 25 is open to receive outside air or to receive 
return air from the conditioned air space, and either receives 
bloWer air or preferably houses the intake fan F2 for delivery 
of the regeneration air column through the desiccant Wheel 
W, and alternately through the heat transfer means T to 
discharge from eXhaust at 23 or 23‘. Like the means B, 
ducting means C is characteriZed by placement spaces for 
openings and closures, and air column directors, and air 
processing modules, as folloWs: 

The intake section 25 is open laterally and/or endWise in 
at least one and preferably several places, to split off bloWer 
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air from fan F2 and to exhaust air at 23‘, or to recirculate said 
blower air through duct D next described. As shown, the 
ducting means C underlies the ducting means A and has a 
?rst laterally disposed flow control means 28 space (see FIG. 
4) Which is initially open or can be opened to duct B, at the 
delivery side of fan F2. The discharge 23‘ at section 27 is 
disposed alongside the duct B discharge 23, there being a 
second flow control means 29 space (see FIGS. 2 and 3) 
Which is initially open or can be opened to exhaust at 23‘, 
and there being a third flow control means space 30 (see 
FIGS. 2 and 3) Which is initially open or can be opened to 
recirculate regeneration air from duct C through duct D to 
duct B. The flow control means 30 space is indicated by a 
bracket in FIG. 1, the exhausts at 23 and 23‘ discharging side 
by side as shoWn in FIG. 3. 

The ducting means C and ducting means B are initially in 
open or can be in open communication through a coupler 
duct means 31 that extends betWeen the How means 28 space 
of duct C and the means 21 space of duct B (see FIGS. 1, 2 
and 4). 

The ducting means D recirculates regeneration air from 
ducting means C to the ducting means B for the addition 
thereto of supplemental heat by means H and Waste com 
pressor heat. The recirculated air ?rst absorbs heat at the 
Waste heat transfer means T. Ducting means D is a longi 
tudinally disposed duct for left to right How of an air column 
and is contiguous to and disposed alongside of the ducting 
means B and is substantially coextensive With said ducting 
means B. Means D is essentially an air transfer duct that 
Wraps around the left end of ducting means A and C and 
coextensively overlies the ducting means B. The ducting 
means D is characteriZed by an intake section 32 alongside 
the discharge section 27 of means C, and a discharge section 
33 alongside of the intake section 15 of means B. Like the 
means B and C, ducting means D is characteriZed by flow 
control means spaces for openings and closures, and for air 
column directors, as folloWs: 

The intake section 32 is open endWise and/or laterally into 
a vertical riser 34 that turns right into a horiZontal duct 35 
overlying the duct B. The discharge section 33 continues 
from duct 35 and opens doWnWardly at the top of section 15 
of duct B. A feature is the replaceability of means D, 
essentially an attachment used as and When required. 

Humidity conditioning herein is by a desiccant dehumidi 
fying means, preferably of the Wheel type W as shoWn. 
Wheel W can vary in form as may be required, and is shoWn 
as a rotating cylinder 36 of the regenerating type having a 
dehumidifying segment 37 in the intake air ducting means A, 
and having a regenerating segment 38 in the exhaust air 
ducting means B. Proportionate use of these tWo segments 
is variable and depends upon the volumetric flow ratio of the 
tWo opposing air streams and the available temperature of 
regeneration air immediately prior to entering the regener 
ating segment 38 (see FIG. 12). The higher the regeneration 
temperature, the smaller the area needed for segment 38 for 
regeneration and the larger is the available area of segment 
37 for enhanced ?oW capacity at a given face velocity. 
Where this ratio is 2 to 1, as shoWn in FIG. 12, approxi 
mately tWo thirds of the desiccant Wheel is devoted to 
segment 37 for dehumidi?cation by absorbing moisture, 
While one third is devoted to segment 38 for regeneration of 
the Weakened moisture saturated by desiccant. Regeneration 
of Weakened desiccant is by means of heated or tempered air 
delivered through ducting means B, Wherein Waste heat is 
recovered from the refrigeration means and supplemental 
heat is applied by heating means H as needed to achieve the 
desired inlet regenerating air temperature to segment 38. The 
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desiccant Wheel W is shoWn in FIG. 12 as a packed-type 
cylinder comprising a suitable air permeable desiccant mate 
rial of, for example, alumina, silica gel, lithium chloride or 
suitable hygroscopic polymers, and the like. 
The heat transfer means T removes the heat resulting from 

absorption of moisture into the desiccant and is positioned 
immediately doWnstream from the desiccant Wheel section 
37. The means T is in the form of heat pipes 42 characteriZed 
by a hot end 40 for the absorption of heat, and by a cold end 
41 for the dissipation of heat. In other Words, there is a “heat 
in” end 40 and a “heat out” end 41. In carrying out this 
invention, the heat-in end 40 is placed in the ducting means 
A folloWing moisture absorption by the desiccant, While the 
heat-out end 41 is placed in the ducting means C for 
dissipation of heat into exhaust air at 23‘. Accordingly, there 
is a heat transfer that occurs betWeen ducting means A and 
ducting means C, by means of a bank comprised of a 
multiplicity of heat pipes 42, the hot ends 41 in the form of 
heat absorbers, and the cold ends in the form of heat 
dissipators. In practice, the heat pipes 42 are short lengths of 
heat conductive tubing sealed at their opposite ends, having 
?tting tubular Wick lining 43 and charged With a refrigerant 
44, a gas-liquid. Atemperature differential betWeen the ends 
of each pipe 42 causes the refrigerant 44 therein to migrate 
by capillary action to the Warmer end Where evaporation 
thereof takes place and absorbs heat. The resultant refriger 
ant vapor then returns through the holloW tube center of the 
Wick lining 43 and to the cooler end 41 of the pipe 42 Where 
it gives up the heat carried thereby, by condensing into the 
Wick lining 43, and repeating the cycle. The heat transfer 
process is efficient, as the heat pipes 42 are sealed and have 
no moving parts, and require little or no maintenance. As 
shoWn in FIG. 9, the heat pipes 42 are ?nned at 45 for 
efficient heat energy transfer. 
The heater means H completes the heating requirement 

for effective regeneration of the desiccant in segment 37 of 
the desiccant Wheel W. Means H is a gas ?red or an electric 
poWered furnace that heats the column of air passing 
through duct B and through the regenerative segment of the 
Wheel W. Means H is thermostatically controlled and brings 
the column of air to regenerating temperature, Whether 
pre-heated by Waste heat or not. The amount of available 
Waste heat Will determine the required capacity of the heater 
means H, and in practice the application of Waste heat at 
section 18 of the ducting means B preceeds the application 
of supplemental heat by said means H. 
The evaporative cooler means E conditions the cold ends 

of the heat pipes 42 for effective dissipation of heat energy 
absorbed by the hot ends 41 thereof. As shoWn in FIG. 14, 
the means E involves a spray bar 46 supplied With an 
evaporative liquid, Water, by a pump 47 draWing said liquid 
from a sump 48. The sump 48 provides a closure for a flow 
control means 49 space provided therefor in the bottom side 
of ducting means C, and supports the spray bar 46 upstream 
of the bank of heat pipes 42 to evaporatively cool the cold 
“heat-out” ends 41 thereof. The evaporative cooler module 
E is installed as and When required. 

During the summer and similar Warm Weather, the heat 
pipes 42 function as shoWn in the draWings to support the 
dehumidi?cation process performed by this air pre 
conditioner. HoWever, during the Winter and similar cold 
Weather, the heat pipes 42 function automatically in a 
reverse direction of heat transfer, achieved by deactivating 
the heater means H and also the evaporative cooling module 
E, but retaining full operation of the desiccant Wheel W, 
thereby pre-heating and humidifying incoming air through 
ducting means A. 
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A basic condition 1 implementation of the air pre 
conditioner PC is shown in FIG. 10 of the drawings, Wherein 
the structural combination of ducting means A, B and C is 
made functional for stand-alone operation of the unit to 
dehumidify a conditioned space. Accordingly, outside air 
(OSA) is delivered to ducting means C by the fan F2, a ?oW 
splitter member 50 being installed in the ?oW means space 
28 to divert a portion of the air ?oW into the coupler duct 
means 31 for delivery through ?oW means 21 space and into 
the intake section 15 of ducting means B. The ducting means 
Ais dedicated to and dehumidi?es the conditioned air space, 
taking in return air at intake section 10, and delivering 
supply air (SA) at discharge section 13. The ?oW means 22 
space of ducting means B is closed by a corner member 51 
that turns the split off portion of the fan driven air column 
to ?oW through the heater means H and regeneration seg 
ment 37 of the desiccant Wheel W. The remaining portion of 
the split air ?oW is driven through the bank of heat pipes 42 
of the heat transfer means T to remove heat of absorption 
from the dehumidi?cation process in ducting means A. Air 
?oW through and exhaust from the ducting means C is by 
means of a closure member 52 installed in the ?oW means 
49 space, and by a corner member 53 installed in the ?oW 
means 30 space. Accordingly, discharge of duct C is at 
exhaust 23‘. 
A condition 2 dehumidi?cation heat recovery implemen 

tation of the air pre-conditioner PC is shoWn in FIG. 11 of 
the draWings, Wherein the structural combination of ducting 
means A, B, C and D is made functional for stand-alone 
operation of the unit to dehumidify an air conditioned space. 
Additionally, Waste heat recovery is assisted by the evapo 
rative cooler module E. The ducting meansAis dedicated to 
and dehumidi?es the conditioned air space, taking in return 
air (RA) or outside air (OSA) at air intake section 10, and 
delivering supply air (SA) at discharge section 13. 
Accordingly, outside air (OSA), or return air (RA) is deliv 
ered to ducting means C by the fan F2, a closure member 54 
being installed in ?oW means 28 space, and a closure 
member 55 being installed in ?oW means 29 space, so as to 
con?ne air ?oW through the duct C and through the bank of 
heat pipes 42 dissipating Waste heat from the dehumidifying 
process. The ducting means D is incorporated in the unit 
structure, or installed as an attachment, With its intake 
section 32 open from the ?oW means 30 space, and With its 
discharge section 33 open into the ?oW means 22 space of 
the ducting means B. Thus, all of the air delivered by fan F2 
is passed through the heat dissipating ends 41 of the heat 
pipes and through the Waste heat section 18 of duct B. A 
corner member 56 is installed in the ?oW control means 21 
space to close the coupling duct 31 and to direct air ?oW 
through the supplemental heater means H and through the 
regeneration segment of the desiccant Wheel W. The dis 
charge section 17 discharges the air ?oW alongside the 
discharge section 27 of duct C for exhaust at 23 alongside 
the exhaust of duct C at 23‘. 

The evaporative cooler module E is installed in the 
placement space 49, closing the same, and operating to 
evaporatively cool the heat dissipating ends 41 of the heat 
pipes 42, so as to enhance their efficient operation. 
A package air conditioner combination utiliZing basic 

implementation is shoWn in FIG. 13 of the draWings, 
Wherein refrigeration Waste heat of compression assists the 
desiccant regeneration process, With recovery of Waste heat 
of absorption in the dehumidi?cation process. In this 
embodiment the use of placement spaces and splitter mem 
ber 50 and corner member 51 and 53 is as above described 
and shoWn in the embodiment of FIG. 10, and the evapo 
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rative cooler module E is installed as a closure for placement 
space 49 as in the embodiment of FIG. 11. This is another 
basic implementation Wherein heat of compression from the 
package unit air conditioner, an A/C unit, is advantageously 
employed as a primary source of heat for regenerating 
Weakened desiccant. As shoWn, the A/C unit is self con 
tained and includes a fan F3 driven by a motor M1 for 
draWing return air (RA) from the air conditioned space. A 
portion of said return air is split off at 55 and delivered by 
fan F3 to the ducting means B and C, as above described, 
and subsequently exhausted at 23 and 23‘. The compressor 
57 delivers hot compressed refrigerant ?uid through a pri 
mary condenser coil 58 for maximum heat extraction in the 
Waste heat section 18 of ducting means B. A secondary 
condenser coil 58‘ is in ?uid parallel With coil 57 that is in 
the A/C unit for assuring complete condensation of said 
?uid. The condensed ?uid is coalesced in a receiver 59 and 
then passed through a thermal expansion valve 60 for heat 
extraction in the refrigeration coil 61. Coil 58‘ of reduced 
siZe is cooled by a bloWer 62. Supply air (SA) from the 
ducting means A is returned to the air conditioned space 
through the A/C unit ahead of its ?lter 63, and delivered as 
supply air (SA) by the fan F3. MaximiZed heat extraction by 
coil 57 signi?cantly reduces the siZe requirement of the 
heater means H, the regeneration air being previously heated 
by the heat transfer means T. 
A split compressor and fan-coil combination utiliZing 

basic implementation is shoWn in FIG. 15 of the draWings, 
Wherein refrigeration Waste heat of compression assists the 
desiccant regeneration process, With recovery of Waste heat 
of absorption in the dehumidi?cation process. In this 
embodiment the use of placement spaces and closure mem 
bers 54 and 55 and corner member 56 is as above described 
and shoWn in the embodiment of FIG. 11, and the evapo 
rative cooler module E is installed as a closure for placement 
space 29 as in the embodiment of FIG. 11. This is another 
basic implementation Wherein heat of compression from the 
mini-split compressor unit 65 is advantageously employed 
as a primary source of heat for regenerating Weakened 
desiccant. As shoWn, the refrigeration system is split into the 
compressor unit 65 and the fan-coil unit 65‘ With a fan F4 
driven by a motor M2 for draWing return air (RA) from the 
air conditioned space. Aportion of said return air is split off 
at 55 and delivered by fan F2 to the ducting means C, as 
above described, and subsequently exhausted at 23. The 
compressor 66 delivers hot compressed refrigerant ?uid 
through a primary condenser coil 67 for maximum heat 
extraction in the Waste heat section 18 of ducting means B. 
A secondary condenser coil 68 is in ?uid series With coil 67 
and is of substantially reduced siZe in the compressor unit 
65, for assuring complete condensation of said ?uid. The 
condensed ?uid is coalesced in a receiver 69 and then passed 
through a thermal expansion valve 70 for heat extraction in 
the refrigeration coil 71. The coil 68 is cooled by a bloWer 
72. Supply air (SA) from the ducting means Ais returned to 
the air conditioned space through the fan-coil unit 65‘ ahead 
of its ?lter 73, and delivered as supply air (SA) by the fan 
F4 thereof. MaximiZed heat extraction by coil 67 signi? 
cantly reduces the siZe requirement of the heater means H, 
the regeneration air being previously heated by the heat 
transfer means T. Further, a feature of this series condenser 
con?guration is that the maximum heat extraction at coil 67, 
minimiZes the siZe requirement for the compressor unit coil 
68, With a comensurate reduction in energy required of the 
compressor unit to cool the same. 

In accordance With this invention, the air pre-conditioner 
PC as it is shoWn in FIG. 1 and as implemented in FIG. 10, 
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is combined With a multiplicity of package air conditioners 
A/C as shoWn in FIG. 16 of the drawings. In practice, one 
pre-conditioner PC can serve at least three A/C units. The 
FIG. 10 implementation takes in outside air OSA by means 
of fan F1 to be dehumidi?ed and discharged as supply air 
SA; and takes in return air RA by means of fan F2 for 
transfer of heat out of said supply air and discharged as 
eXhaust air at 23‘. It is to be understood that the implemen 
tation of FIG. 11 can be substituted for the basic FIG. 10 
implementation, as it is later described. The air pre 
conditioner PC noW under consideration is in ?uid circuit, in 
parallel as shoWn, With one of the multiplicity of air refrig 
eration package unit A/C via a pressure and a return line 70 
and 71. Supply air SA from the pre-conditioner PC is 
delivered to each A/C package unit via a duct 72, Where it 
is refrigerated for discharge into an air conditioned space 
S1—S3 via supply air ducts 73. Distribution ducts 74 are 
employed if and When required. In practice, a minimum of 
outside air OSA enters through the air pre-conditioner PC; 
and as and When required a maXimum of outside air OSA is 
supplemented by a bloWer fan F4. Return air RA from air 
space S1—S3 is via ducting 75 to the intake fan F2 of the 
pre-conditioner PC for heat dissipation and eXhaust at 23‘. 

In accordance With this invention, the air pre-conditioner 
PC as it is shoWn in FIG. 1 and as implemented in FIG. 11, 
is combined With a multiplicity of “ductless” or “Mini-split” 
refrigeration air conditioning systems comprised of separate 
compressor units C/C and fan-coil units F/C, as shoWn in 
FIG. 17 of the draWings. In practice, one pre-conditioner PC 
can serve at least three mini-split systems as shoWn. The 
FIG. 11 implementation takes in outside air OSA by means 
of fan F1 to be dehumidi?ed and discharged as supply air 
SA; and takes in return air RA by means of fan F2 for 
transfer of heat out of supply air SA and for absorption of 
Waste heat of compression from a compressor unit C/C, and 
discharge or eXhaust at 23. It is to be understood that the 
implementation of FIG. 10 can be substituted for the basic 
FIG. 11 implementation, as it is previously described. The 
air pre-conditioner PC noW under consideration is in ?uid 
circuit, series as shoWn, With one of the multiplicity of 
compressor units C/C via a pressure line and return line 80 
and 81. Supply air SA from the pre-conditioner PC is 
delivered to each fan-coil unit F/C via a duct 82, Where it is 
refrigerated for discharge directly into an air conditioned 
space S1—S3 via its discharge 83. distribution ducts are not 
required. In practice, a minimum of outside air OSA enters 
through the air pre-conditioner PC; and as and When 
required a maXimum of outside air OSA is supplemented by 
a bloWer fan F5. Return air RA from air space S1—S3 is via 
ducting 85 to the intake fan F2 of the pre-conditioner PC for 
heat dissipation and eXhaust at 23. 

Although the mini-split C/C-F/C and A/C package con 
?gurations are described as “air conditioners”, some or all in 
a given building system can also be operated as heat pumps. 
Heat pumps are knoWn to provide capability for reversing 
cycle, as by means of a reversing valve (not shoWn) revers 
ing ?oW betWeen the evaporator and condensing coils. Since 
the pre-conditioner PC conditions outside air OSA, and 
since the heating Winter cycle Will require humidi?cation of 
outside air, refrigerant Waste heat from the condenser coil at 
the compressor of unit C/C Will eXtract heat by connecting 
it as a heat pump, the hook-up of FIG. 13 is preferred over 
the series hook-up of FIG. 15 for this reverse operation, 
since the pre-conditioner PC coil 57 can be isolated. When 
humidi?cation is not required and operating reversely as a 
heat pump, return air Will serve as an additional heat source 
prior to its discharge at the eXhaust. Note that this air 
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pre-conditioning and refrigeration air conditioning system 
Works equally Well With either air-cooled or liquid cooled 
condeners. And, control means (not shoWn) for the air 
pre-conditioner PC can be a suitable microprocessor 
humidistat, to control the desiccant Wheel, evaporative 
sprays, heater H application, and compressor Waste heat, and 
also the air circulation fans F1—F5. This pre-conditioned air 
alone or as combined With the several types of refrigeration 
air conditioners, Will bene?t economically by employing the 
total availability of Waste heat and by applying dehumi? 
cation Where it increases ef?ciency in both the dehumi?ca 
tion and refrigeration processes. 

Having described only the typical preferred forms and 
applications of my invention, I do not Wish to be limited or 
restricted to the speci?c details herein set forth, but Wish to 
reserve to myself any modi?cations or variations that may 
appear to those skilled in the art, as set forth Within the limits 
of the folloWing claims. 

I claim: 
1. A convertible desiccant assisted air pre-conditioner for 

implemented use to dehumidify an air column delivered into 
an air conditioned space, and including; 

a ?rst ducting means dedicated to dehumidi?cation of 
incoming air at an intake end and delivering supply air 
at a discharge end for conditioning said air conditioned 
space, 

a second ducting means dedicated to desiccant regenera 
tion by means of return air from said air conditioned 
space, 

there being at least one air ?oW control means at an intake 
end of the second ducting means, 

a third ducting means for receiving return air at an intake 
end and delivering eXhaust air at a discharge end, 

there being one air ?oW control means space at the intake 
end of the third ducting means and at least one air ?oW 
control means space at the discharge end of the third 
ducting means, 

a coupler means duct open betWeen the at least one air 
?oW control means at an intake end of the second 
ducting means and said one How control means space 
at the intake end of the third ducting means, 

desiccant dehumidifying means eXposed to an air column 
?oWing through the ?rst ducting means for dehumidi 
?cation and eXposed to an air column ?oWing through 
the second ducting means for regeneration of Weakened 
desiccant, 

heater means for tempering the air column to a regener 
ating temperature through the second ducting means, 

and heat transfer means exposed to air columns ?oWing 
through each of said ?rst and third ducting means. 

2. The desiccant assisted air pre-conditioner as set forth in 
claim 1, Wherein useful implementation is by means of a 
How splitter member ?Xed in said one How control means 
space at the intake end of the third ducting means and 
splitting intake air betWeen the third ducting means and said 
coupler ducting means, and a corner member ?Xed in said at 
least one How control means space at the intake end of the 
second ducting means and turning a split off portion of the 
air ?oW through the second ducting means and through the 
heating means and the desiccant dehumidifying means 
eXposed therein and passing a portion thereof through the 
third ducting means and through the heat transfer means 
eXposed therein, Whereby dehumidi?ed air ?oWs from the 
discharge end of the ?rst ducting means at reduced tem 
perature assisted by the transfer of heat of absorption to air 
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How exhausted from the discharge end of the third ducting 
means, and Weakened desiccant regenerated by means of the 
heated air column ?owing through the dehumidi?er means 
exposed in the second ducting means. 

3. The desiccant assisted air pre-conditioner as set forth in 
claim 1, Wherein the desiccant dehumidifying means is of 
Wheel con?guration having a dehumidifying segment 
exposed into the air column in the ?rst ducting means and 
having a regenerating segment exposed into the air column 
in the second ducting means, and With motor means for 
revolving the Wheel. 

4. The desiccant assisted air pre-conditioner as set forth in 
claim 1, Wherein the heat transfer means is comprised of at 
least one heat pipe having a hot end exposed in the ?rst 
ducting means doWnstream of the dehumidifying means for 
absorbing heat, and having a cold end exposed in the third 
ducting means for dissipating said heat. 

5. The desiccant assisted air pre-conditioner as set forth in 
claim 4, there being an air ?oW control means space inter 
mediate the intake and discharge ends of the third ducting 
means and upstream of the heat transfer means exposed 
therein, and Wherein an evaporative cooler means is ?xed in 
said last mentioned control means space for assisting the 
cold end of the heat pipe to dissipate heat. 

6. The desiccant assisted air pre-conditioner as set forth in 
claim 2, Wherein the desiccant dehumidifying means is of 
Wheel con?guration having a dehumidifying segment 
exposed into the air column in the ?rst ducting means and 
having a regenerating segment exposed into the air column 
in the second ducting means, and With motor means for 
revolving the same. 

7. The desiccant assisted air pre-conditioner as set forth in 
claim 2, Wherein the heat transfer means is comprised of at 
least one heat pipe having a hot end exposed in the ?rst 
ducting means doWnstream of the dehumidifying means for 
absorbing heat, and having a cold end exposed in the third 
ducting means for dissipating heat. 

8. The desiccant assisted air pre-conditioner as set forth in 
claim 7, there being an air ?oW control means space inter 
mediate the intake and discharge ends of the third ducting 
means and upstream of the heat transfer means exposed 
therein, and Wherein an evaporative cooler means is ?xed in 
said last mentioned control means space for assisting the 
cold end of the heat pipe to dissipate heat. 

9. The desiccant assisted air pre-conditioner as set forth in 
claim 1, Wherein a ?rst fan means at the intake end of the 
?rst ducting means transports conditioned air therethrough, 
and a second fan means at the intake end of the third ducting 
means transports regeneration air therethrough. 

10. The desiccant assisted air pre-conditioner as set forth 
in claim 2, Wherein a ?rst fan means at the intake end of the 
?rst ducting means transports conditioned air therethrough, 
and a second fan means at the intake end of the third ducting 
means transports regeneration air therethrough. 

11. The desiccant assisted air pre-conditioner as set forth 
in claim 2 and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the said refrigerant condenser, 
Whereby refrigerant heat of compression is applied to the 
regeneration air and supplemented by the heating means for 
maintaining a regeneration temperature, and reducing 
energy to cool applied by the refrigeration air conditioner. 

15 

25 

35 

45 

55 

65 

14 
12. The desiccant assisted air pre-conditioner as set forth 

in claim 3 and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the said refrigerant condenser, 
Whereby refrigerant heat of compression is applied to the 
regeneration air and supplemented by the heating means for 
maintaining a regeneration temperature, and reducing 
energy to cool applied by the refrigeration air conditioner. 

13. The desiccant assisted air pre-conditioner as set forth 
in claim 4 and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the said refrigerant condenser, 
Whereby refrigerant heat of compression is applied to the 
regeneration air and supplemented by the heating means for 
maintaining a regeneration temperature, and reducing 
energy to cool applied by the refrigeration air conditioner. 

14. The desiccant assisted air pre-conditioner as set forth 
in claim 5 and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the said refrigerant condenser, 
Whereby refrigerant heat of compression is applied to the 
regeneration air and supplemented by the heating means for 
maintaining a regeneration temperature, and reducing 
energy to cool applied by the refrigeration air conditioner. 

15. The desiccant assisted air pre-conditioner as set forth 
in claim 2 and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the condenser circuit in parallel With 
said refrigerant condenser, Whereby refrigerant heat of com 
pression is applied to the regeneration air and supplemented 
by the heating means for maintaining a regeneration 
temperature, and reducing energy to cool applied by the 
refrigeration air conditioner. 

16. The desiccant assisted air pre-conditioner as set forth 
in claim 2, and in combination With at least one refrigeration 
air conditioner system comprised of a refrigerant 
compressor, a refrigerant condenser for removal of heat of 
compression, a thermal expansion valve and refrigeration 
coil With refrigerant return to the compressor, Wherein the 
second ducting means of the pre-conditioner has a supple 
mental heat section in Which the said heating means is 
exposed together With a condenser section comprised of a 
substantial portion of the condenser circuit in series With 
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said refrigerant condenser, Whereby refrigerant heat of com 
pression is applied to the regeneration air and supplemented 
by the heating means for maintaining a regeneration 
temperature, and reducing energy to cool applied by the 
refrigeration air conditioner. 

17. The desiccant assisted air pre-conditioner as set forth 
in claim 1, Wherein useful implementation is by means of a 
closure member ?xed in said one control means space at the 
intake end of the third ducting means and closing the coupler 
duct means thereto, a closure member ?xed in said at least 
one How control means space at the discharge end of the 
second ducting means space and closing the coupler duct 
means thereto and leaving an open control means space, a 
closure member ?xed in said at least one control means 
space at the discharge end of the third ducting means and 
leaving an open ?oW control means space, there being a 
fourth ducting means attached to the second ducting means 
and in open communication betWeen the open ?oW control 
space at the discharge end of the third ducting means and the 
open ?oW control means space at the intake end of the 
second ducting means, Whereby dehumidi?ed air ?oWs from 
the discharge end of the ?rst ducting means at reduced 
temperature assisted by the transfer of heat of absorption to 
the column of air through the fourth ducting means as 
regeneration air through the second ducting means and 
through the dehumidifying means exposed therein for regen 
erating Weakened desiccant. 

18. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein the desiccant dehumidifying means is of Wheel 
con?guration having a dehumidifying segment exposed into 
the air column in the ?rst ducting means and having a 
regenerating segment exposed into the air column in the 
second ducting means, and With motor means for revolving 
the same. 

19. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein the heat transfer means is comprised of at least one 
heat pipe having a hot end exposed in the ?rst ducting means 
doWnstream of the dehumidifying means for absorbing heat, 
and having a cold end exposed in the third ducting means for 
dissipating said heat. 

20. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 19, 
there being an air ?oW control means space intermediate the 
intake and discharge ends of the third ducting means and 
upstream of the heat means exposed therein, and Wherein an 
evaporative cooler means is ?xed in said last mentioned 
control means space for assisting the cold end of the heat 
pipe to dissipate heat. 

21. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein a ?rst fan means at the intake end of the ?rst ducting 
means transports conditioned air therethrough, and a second 
fan means at the intake end of the third ducting means 
transports regeneration air therethrough. 

22. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein the refrigeration air conditioner is comprised of a 
refrigerant compressor, a refrigerant condenser for removal 
of heat of compression, a thermal expansion valve and 
refrigeration coil With refrigerant return to the compressor, 
Wherein the second ducting means of the pre-conditioner has 
a supplemental heat section in Which the said heating means 
is exposed together With a condenser section comprised of a 
substantial portion of the said refrigerant condenser, 
Whereby refrigerant heat of compression is applied to the 
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regeneration air and supplemented by the heating means for 
maintaining a regeneration temperature, and reducing 
energy to cool applied by the refrigeration compressor 
condenser unit. 

23. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein the refrigeration air conditioner is comprised of a 
refrigerant compressor, a refrigerant condenser for removal 
of heat of compression, a thermal expansion valve and 
refrigeration coil With refrigerant return to the compressor, 
Wherein the second ducting means of the pre-conditioner has 
a supplemental heat section in Which the said heating means 
is exposed together With a condenser section comprised of a 
substantial portion of the condenser circuit in parallel With 
said refrigerant condenser, Whereby refrigerant heat of com 
pression is applied to the regeneration air and supplemented 
by the heating means for maintaining a regeneration 
temperature, and reducing energy to cool applied by the 
refrigeration air compressor-condenser unit. 

24. The desiccant assisted air pre-conditioner and refrig 
eration air conditioner combination as set forth in claim 17, 
Wherein the refrigeration air conditioner is comprised of a 
refrigerant compressor, a refrigerant condenser for removal 
of heat of compression, a thermal expansion valve and 
refrigeration coil With refrigerant return to the compressor, 
Wherein the second ducting means of the pre-conditioner has 
a supplemental heat section in Which the said heating means 
is exposed together With a condenser section comprised of a 
substantial portion of the condenser circuit in series With 
said refrigerant condenser, Whereby refrigerant heat of com 
pression is applied to the regeneration air and supplemented 
by the heating means for maintaining a regeneration 
temperature, and reducing energy to cool applied by the 
refrigeration air compressor-condenser unit. 

25. A desiccant assisted air pre-conditioner implemented 
to pre-condition outside air delivered to a multiplicity of 
refrigeration air conditioner units and each of Which is 
comprised of a refrigerant compressor, a refrigerant con 
denser for removal of heat of compression, a thermal expan 
sion valve and refrigeration coil With refrigerant return to the 
compressor, the air pre-conditioner including: 

a ?rst ducting means dedicated to dehumidi?cation of 
incoming outside air With discharge ducting to each of 
said multiplicity of refrigeration air conditioner units, 

a second ducting means dedicated to desiccant regenera 
tion by means of return air therethrough to exhausting 
from the air space conditioned by said multiplicity of 
refrigeration conditioner units, 

a third ducting means for receiving said return air and 
delivering it to said second ducting means, 

a desiccant dehumidifying means exposed into the ?rst 
ducting means for dehumidifying the air ?oW there 
through and exposed into the second ducting means for 
regeneration of Weakened desiccant, 

a heat transfer means exposed to the air ?oW from the 
dehumidifying means exposed into said ?rst ducting 
means to absorb heat and exposed into the air ?oW 
through the third ducting means to dissipate heat into 
the air ?oW therethrough, 

a substantial portion of said refrigerant condenser of one 
of said multiplicity of refrigeration air conditioner units 
being exposed in the second ducting means for dissi 
pating heat of compression to the regeneration air ?oW 
therethrough, 

and a heater means exposed in the second ducting means 
for supplementing said heat transfer means heat dissi 
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pation and said heat of compression condenser portion 
dissipation to maintain regeneration temperature. 

26. A desiccant assisted air pre-conditioner implemented 
to pre-condition outside air delivered to a multiplicity of 
refrigeration compressor units and each of Which is com 
prised of a refrigerant compressor, a refrigerant condenser 
for removal of heat of compression for delivery to separate 
fan-coil units comprised of a thermal eXpansion valve, a 
refrigeration coil and ductless fan and With refrigerant return 
to the compressor, the air pre-conditioner including: 

a ?rst ducting means dedicated to dehumidi?cation of 
incoming outside air With discharge ducting to each of 
said multiplicity of fan-coil units, 

a second ducting means dedicated to desiccant regenera 
tion by means of return air therethrough and to eXhaust 
ing from the air space conditioned by said multiplicity 
of fan-coil units, 

a third ducting means for receiving said return air and 
delivering it to said second ducting means, 

a desiccant dehumidifying means eXposed into the ?rst 
ducting means for dehumidifying the air ?oW there 
through and eXposed into the second ducting means for 
regeneration of Weakened desiccant, 

a heat transfer means eXposed to the air ?oW from the 
dehumidifying means eXposed into said ?rst ducting 
means to absorb heat and eXposed into the air ?oW 
through the third ducting means to dissipate heat into 
the air ?oW therethrough, 

a substantial portion of said refrigerant condenser of one 
of said multiplicity of compressor units being eXposed 
in the second ducting means for dissipating heat of 
compression to the regeneration therethrough, 

and a heater means eXposed in the second ducting means 
for supplementing said heat transfer means heat dissi 
pation and said heat of compression condenser portion 
dissipation to maintain regeneration temperature. 

27. A heat pump and desiccant space conditioning system 
which operates on process air taken from within or outside 
of a conditioned space; and regenerative air taken from 
within or outside of said conditioned space comprising: 

(a) dehumidi?cation apparatus for adsorbing water vapor 
from process air; 

(b) heat transfer apparatus for transferring heat from said 
process air; at a location downstream from said dehu 
midi?cation apparatus, to said regenerative air; 

(c) heating and cooling apparatus for selectively cooling 
said process air and heating regenerative air by phase 
change of a refrigerant; and 

(a) apparatus for selectively directing said refrigerant 
through said heating and cooling apparatus for heating 
or cooling. 

28. Apparatus as in claim 27 in which said system 
comprises a single integral unit. 

29. Apparatus as in claim 27 in which said system 
comprises a stand-alone pre-conditioner with ductwork con 
nected to conduct air to and from remote refrigeration 
apparatus. 

30. Apparatus as in claim 29 in which said refrigeration 
apparatus comprises separate interconnected compressor 
and fan-coil units. 

31. Apparatus as in claim 27 in which said heating and 
cooling apparatus includes a pair of interconnected con 
denser coils; one of which is in the flow path of said 
regenerative air. 
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32. Apparatus as in claim 31 in which said coils are 

connected in parallel with respect to refrigerant flow. 
33. Apparatus as in claim 27 in which said apparatus for 

transferring heat includes a heat transfer device in contact 
with both said process air and said regenerative air; with 
evaporative cooling means. 

34. Apparatus as in claim 33 in which said heat transfer 
device comprises a plurality of heat pipes with said evapo 
rative cooling means spraying cooling liquid on one end of 
said heat pipes. 

35. Apparatus as in claim 27 in which said control 
apparatus is adapted to reverse the direction of flow of said 
refrigerant. 

36. A method of heating; cooling and dehumidifying air in 
a space to be conditioned utilizing process air taken from 
within or outside of said space and regeneration air taken 
from within or outside of said space; said method compris 
ing the steps of" 

(a) providing a refrigeration and heating device in which 
the flow direction of refrigerant can be reversed to 
cause refrigeration in one mode or operation and 
heating in another mode of operation; 

(b) during cooling; treating process air with a desiccant 
to dehumidify it; 

(c) transferring heat from said process air to said regen 
eration air by use of heat transfer means contacting 
both said process air; after dehumidi?cation; and said 
regeneration air; 

(a) contacting said process air with expansion coils of 
said refrigeration and heating device to cool said 
process air; 

(e) contacting said regeneration air with condenser coils 
of said refrigeration and heating device to heat said 
regeneration air and then ?owing said regeneration air 
over said desiccant to regenerate it; 

(1‘) supplying said process air to said space after dehu 
midi?cation and cooling; 

(g) when heating is desired; reversing the flow of refrig 
erant in said expansion coils to produce heating of said 
process air. 

37. A method as in claim 36 including the step of cooling 
said regeneration air into which heat is transferred from 
said process air. 

38. A method as in claim 36; in which said refrigeration 
and heating device has primary and secondary condenser 
coils connected in parallel; said primary condenser coils 
being the ones contacting said regeneration air; and isolat 
ing said primary coils during heating use of said device. 

39. A method as in claim 36 in which said desiccant is in 
the form of a desiccant wheel. 

40. A method as in claim 36 in which the heat transfer step 
is performed by use of a heat pipe transfer device with 
evaporative cooling of said heat pipe transfer device. 

41. A method as in claim 36 including locating said 
refrigerating and heating device in a single integrated unit. 

42. A method as in claim 36 including locating said 
refrigerating heating device in a location remote from the 
location at which treating said process air with a desiccant 
is done. 

43. A method as in claim 36 including providing a 
plurality of said heating and refrigeration units; and a single 
pre-conditioning unit supplying de-humidi?ed process air to 
each of said heating and refrigeration units. 


