TGGLE HUM DI TY CONTROL SYSTEM USI NG A DESI CCANT DEVI CE
[0001] This application Clains the benefit of U S
wee@siltsi7enal Application No. 60/924, 764 fil ed REIUSDHIS/064844
2007. Field of the Invention [0002] The present
invention relates to a humdity control systemand in
particular to a humdity control unit which utilizes
| ow grade waste heat to aid in regeneration of a
desi ccant devi ce. BACKGROUND OF THE | NVENTI ON [ 0003]
Vari ous systens have been proposed for providing air
handl i ng systens which maintain humdity levels in
i ndoor facilities in a confortable range. Certain of
t hese systens have been particularly designed for use
inice arenas in which an ice surface is maintained at
freezing tenperatures or other applications such as
cold storage facilities in which waste heat is
avai l able froma large ice plant. Such systens
typically use a liquid refrigerant |oop which is
cooled by a primary refrigerant system of the direct
vapori zation type. Such systenms are shown for exanple
in US. Patent No. 6,321,551 4ih-which a dehum difier
uni tconnected to the ice rink coils is used to dry
process air. Another such systemis disclosed in U S
Patent No. 6,935, 131 whi ch slfgplkenents the
dehum dification unit in the process air streamwth a
reheat coil coupled to a waste heat line fromthe
conpr dESMHDIT Yt GONIRORSY SEEM GG A PENMCCANRIDEVICE
reheat coil heats regeneration air being supplied to
t he regeneration section of a desiccant wheel to
i ncrease the desiccant nedia" s capacity to renove
o TR o Loy PR A Mion No
cobD/9R4h,764 filed May 30, 2007.

Field of the Invention

[0002] The present invention relates to a humidity control system and in
particular to a humidity control unit which utilizes low grade waste heat to aid in

regeneration of a desiccant device.
BACKGROUND OF THE INVENTION

[0003] Various systems have been proposed for providing air handling systems
which maintain humidity levels in indoor facilities in a comfortable range.
Certain of these systems have been particularly designed for use in ice arenas in
which an ice surface is maintained at freezing temperatures or other applications
such as cold storage facilities in which waste heat is available from a large ice
plant. Such systems typically use a liquid refrigerant loop which is cooled by a
primary refrigerant system of the direct vaporization type. Such systems are

shown for example in U.S. Patent No. 6,321,551 in which a dehumidifier unit



the process air section of the dehum dification system

which is connected to the liquid refrigeration system
WEMBARYSEOF THE | NVENTI ON [ 0004] | n accor danceP@i/Ub20a81064844

aspect of the present invention a reactivation circuit

is provided for preheating regeneration air supplied

to a desiccant unit of a dehumdification system The

reactivation circuit consists of a reactivation air

cool ed cqndenser .coil./dehum difier coil connected to a .
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at nrosphere. [0005] In accordance w th another aspect

of the invention return air, or return air and fresh

air, circul ated tostReVvIARNCOFAHE PRVENTTORNCI Osur e
containing the ice rink or the like is dehumdified in

a continuous process by the desiccant naterial .
Preferably the desiccant is a desiccant wheel whjich
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water, brine, or other refrigerant) functioning as the evaporator for the circuit.
This reactivation circuit functions as a water source heat pump to extract heat
from the liquid refrigerant in a secondary refrigeration circuit that freezes the ice
sheet. Low grade (low temperature 85-95 degrees F) heat is rejected from the
secondary refrigeration plant and extracted by the reactivation circuit to generate
a higher grade heat (high temperature 115-130 degrees F) through the air cooled
condenser coil to regenerate the desiccant material. The heated air drives
moisture from the desiccant and is discharged to the atmosphere.

[0005] In accordance with another aspect of the invention return air, or return
air and fresh air, circulated to the interior space or enclosure containing the ice
rink or the like is dehumidified in a continuous process by the desiccant material.
Preferably the desiccant is a desiccant wheel which rotates through both the
supply process air stream and the reactivation air stream. A dehumidification coil
is positioned in the reactivation air stream upstream of the regeneration section of

the dehumidifier wheel and is connected to a direct vaporization refrigeration



coil. By this system if the enclosure humdity |evel
i ncreases, and the return air and/or conbi nation of

wo edoansn7ag r and fresh air humdity is above a PCT/US2008/064844
predeterm ned | evel, the second stage conpressor wl |
be energi zed to cool and dehun%dlfy the air before it
reaches the desiccant wheel ird and fourth stage
conpressors al so are succeSS|ver energi zed if the
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rejected from secondary refrigerant loop such as the ice sheet cooling system
above, but will include known solar heat loops, cooling tower, ground water
loops, other heat of rejection cooling loops, or any loop that is designed to be
maintained at a temperature between 45°F and 95°F year round. For example a
low grade solar heat loop using water heated by the sun at low temperatures
could be used.

[0007] The above and other objects, features and advantages of the present
invention will become apparent from the following detailed description of an
illustrative embodiment which is to be read in conjunction with the

accompanying drawings wherein:
DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic diagram of a dehumidifier system in accordance

with the present invention; and



illustrative enbodi ment which is to be read in

conjunction wth the acconpanyi ng draw ngs wherei n:
WOEHERFEFE ON OF THE DRAW NGS [ 0008] Fi gure 1 iBCHUS2008/064844

schematic diagram of a dehumidifier systemin

accordance with the present inyvention; and[0009]

Figure 2 is a nore detail ed schematic view of one of
the refrigeration systens used in the invention.

DE D _DESCRI PTI ON .THE PREFERRED ENMBODI MVENT. . .
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Pr e9&ths hRUENtHeARvdnehudes a refrigeration system 12
for freezing an ice sheet 14 located within an

encl osed space or building (not shown). System 10
further includes a humdity control unit 16 operabl e
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comi ng fromthe enclosure and being returned thereto
by the operation of a fan 20. If required, sone
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floor of the ice rink or ice plant 14 or the like and connected by supply and return

lines 26, 28 and pump 29 to an evaporator 30.

[0012] Evaporator 30 forms a part of a primary refrigeration system 32 which
includes a condenser 34 and a compressor 36 connected by lines 38 to a coil
within the evaporator 30. The primary refrigeration system is a conventional
direct vaporization system which absorbs heat from the liquid refrigeration
system in the evaporator and discharges that heat in the condenser 34 to the
atmosphere. The primary refrigeration system 32 includes an additional heat
exchanger 40 connected by lines 42, 44 to the refrigerant line 38. This heat
exchanger functions as an evaporator for a third refrigeration system 50 which is
also a direct vaporization refrigeration system. The system 50 includes a
compressor 52 located in the housing 54 of the humidity control device 16. That
device includes a regeneration air duct 56 and process air duct 58 separated from
each other by conventional walls and baffling.

[0013] Dehumidification system 16 also includes a desiccant wheel device 60 of
known construction rotatably mounted in the housing such that it is regenerated

in the regeneration duct 56 and dehumidifies air in the process air duct 58. The



at nosphere. The primary refrigeration system 32
i ncl udes an additional heat exchanger 40 connected by
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exchanger functions as an evaporator for a third
refrigeration system50 which js also a direct
vapori zation refrigeration system The system 50
i ncl udes a conpressor 52 located in the housing 54 of
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40 ar(lcEJ guptpli]igd to the condenser coil 66. In the condenser coil the refrigerant is
cooled by the supply air entering the duct 62 and transfers heat to the
regeneration air which then enters the regeneration portion of the rotating
desiccant wheel 60 before being charged to the atmosphere. As a result, some of
the low grade heat (from the liquid in loop 24, 28 at between 45°F and 95°F)
rejected from the ice refrigeration plant or the like is extracted by this heat pump
arrangement to generate a higher grade heat (e.g., liquid in line 68 at 105°F to
135°F) through the air cooled condenser coil to regenerate the desiccant wheel.
This heated air drives the moisture from the desiccant and regenerates it. It also
contributes to cooling of the refrigerant in system 32.
[0017] The above dehumidification process is continuous as the desiccant wheel
rotates through the supply and reactivation air streams. However, if the rink
humidity level rises above a predetermined point, requiring additional
dehumidification, the humidity control device 16 is arranged to provide

additional dehumidification, before the return air and/or fresh air/return air pass

through the desiccant wheel. As seen most clearly in Figure 2, to accomplish
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waeompnsEsor 52 where the refrigerant i s conpr eBGEUS2008/064844
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cooling and dehumidifying the return air before it enters the desiccant wheel in
this way the capacity of the desiccant wheel to remove further moisture from the
process air stream in increased and the return air is reheated by the wheel to the
desired process return temperature.

[0019] If desired or necessary some or all of the process air can be made to
bypass the desiccant wheel using appropriate duct work 100 as is known in the
art. Also, appropriate temperature and humidity sensors and related controls are
provided to selectively activate the various compressors as would occur to those
skilled in the art.

[0020] Accordingly, the system provides sufficient capacity to handle varying
conditions and variable amounts of make up air without modifying the basic
refrigeration systems 12 or 32.

[0021] Although illustrative embodiments of the present invention have been

described herein in detail in connection with the accompanying drawings, it is to



removes noi sture fromthe air before it enters the

desi ccant wheel device. At the sane tine it cools the
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absorbed fromthe air in the dehum dification coil by

the refrigerant is dlscharged,}o the atnosphere in the

condensation coil 90 which is cooled by the fans 92,

and returned to the conpressor 82. If still further

dehu ific n i.s required cond and t
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conpressor 82 is connected by lines 82' to coi
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lines 83 to coil sections 88" and 90" and conpressor
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90'". Each circuit is separately energized as required
and By cooling and dehum difying the return air before
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the process air streamin increased and the return air
is reheated by the wheel to the desired process return
tenperature. [0019] If desired or necessary sone or

all of the process air can be made to bypass the

desi ccant wheel using appropriate duct work 100 as is
known in the art. Also, appropriate tenperature and
hum dity sensors and rel ated controls are provided to
sel ectively activate the various conpressors as woul d
occur to those skilled in the art. [0020] Accordingly,
the system provi des sufficient capacity to handl e
varyi ng conditions and vari abl e amounts of nake up air
wi t hout nodi fying the basic



refrigeration systens 12 or 32. [0021] Although

illustrative enbodi nents of the present invention have
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acconpanying drawings, it is tobe understood that the

invention is not limted to those preci se enbodi nents

but that various changes and mbdificati ons may be

effected therein by those skilled in the art w thout

de ti scope or spirit of this
i n&iﬁf\ﬁ%@&&ﬁéﬁm MED IS: 1. A hunidity control
system for an enclosure containing a heating |oad, a

first refrigeration systemfor cooling the heating
| 0dd, aﬁdhlgn@kﬁbfﬁﬂ%“‘?léﬁt?@?%%q f‘d}ff?%y@tc‘@maﬂr&?g R 8RB gad. 2

he%}stfr&ﬁggltaﬁgn E}Méﬁ f&%&ﬁ[@ the %Qndyi%cﬁ iahéf a%@é&lﬁ‘?%fai {:ration

system i ncl udi ng a housi ng having a process air

andysem égenmpoainigdwatdirom theclirsneatesn, Sad haopgityyéangrot ststenn

air fér m t he enclllosure and/ or atnosphere air to({.?he f
pr JESEENST FORUE 12V EhROF B a&?ﬁﬁ‘i Py eI oRa Qiehmeans for
t 0 sfif1Ryine SRn@I At fréf (BSHclosBred Sl ot GanssphbRlir tb McABRsY air
nmounted I'n said housing for rotation through said

dudbes; mearsdby supplyang antesphrsicaiiiodhd yegenrsatinnoliet ¢ dgbiecant
duch, and. L8 LaREs 47 ssaticffloeusﬁn” ﬁ‘oPF tét?o%etﬂ%ﬁlag L.0n NG tvéhle%‘eby it
thlrg re rlgyeralon system || UCPIng aco% enser cCol

I N aBairk hegRIkeInathe ProceldsGlir diRs hndeRadds hbierutteiai tB€@REneration
wheel , a _cong_r essor connected to said condenser coil, .
anduet; peurd ieiigsEiige sy Hemnedrdng e sordangercoHpn s4d srzegpgtion
t 0 454l ! ' :

e BB e S L AR, FhiA SRR L ATERY O AL Fnser
saidil,ladt hexicdxaehgeer cannasted tdyaid femeesgpr esbwrsaidsecond

gener.ate hi gher grade heat supplied (o, the condenser .
SoRTTiEGafis PSSR NDREDY i aradt P aBrorhsd b g it S Tiggration

t hey QA58 inorAtid WORekcHaRe S8l gseﬁ%@@ﬂ@ E&hpRSsof W deneARdhiBher
fourth refrigeration systemincluding a

delgtade dicdti soppliedrio ¢l dondenssnéal forinoess thd tenperagamof air supplied
upstream.of said desi.ccant wheel, at |east, one .
coRpESEyr b Rhed P Esraab et Sobuhihggpigbpptem
co ﬂf&ﬁiﬁgja HenupdatiHicatiod €A sQIISr6 QAP hR SE&Im WhRIcBRYor$aidd
at east one
desiccant wheel, at least one compressor connected to said coil and a condenser
coil connected to said at least one compressor whereby said at least one
compressor in said fourth refrigeration system may be operated in response to

humidity levels of the air being supplied in the process air duct to the desiccant

wheel to selectively dehumidify such air before it enters the desiccant wheel.

2. A humidity control system as defined in Claim 1 wherein said at least one
compressor comprises a plurality of compressors which may be sequentially
activated in response to humidity levels of the air being supplied in the process air
duct to the desiccant wheel to selectively dehumidify such air before it enters the

desiccant wheel.

3. A humidity control system for an enclosure including a housing having a

process air duct and a regeneration air duct, means for supplying return air from
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6. The system in Claim 3 where said fluid loop is a cooling tower loop.

7. The system in Claim 3 where said fluid loop is a low grade solar heated
loop.

8. The system in Claim 3 where said fluid loop is maintained between 45°F
and 95°F year round.

0. The system in Claim 3 where said regeneration air temperature created by

the heat pump is between 105°F and 135°F.

10. A humidity control system for an enclosure containing a heating load, a
first refrigeration system for cooling the heating load, and a second refrigeration
system for removing heat from the first system, said humidity control system
including a housing having a process air duct and a regeneration air duct, means
for supplying return air from the enclosure and/or atmosphere air to the process air

duct; means for supplying atmospheric air to the regeneration duct, a desiccant
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the desiccant wheel, a conpressor connected to said
cotRibsglsticeant wheel drysaid prgsperatiohdiier connected to said
conpressor and to said second refrigeration system

wher eby | ow grade heat absorbed by the third
refrigeration systemfrom said heat exchanger is used
by the conpressor to generate higher grade heat
supplied to the condenser coil to increase the
tenperature of air supplied to the desiccant wheel in
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