;- ae3eZW " ~<6rT: ? APPARATUS AND METHOD FOR ENHANCI NG EVAPORATI VE COCLI NG 5
Background of the Invention 1. Field of the Invention The priesent invention
rel ates generally to cooling the environnent inside sem pe

i nper neabl e body suits. More particularly, the present mvﬂmmmmmmmmmas to
a system and net hod for enhanci ng evaporative cooling in sem -pgJyeable and
10 i nperneabl e body suits. 2. Description of the Related Art In order to
function normally, a human being's core body tenperature nust be nmintai ned
wi thin a narr ovAPRARKET0S ANENVEETAIQD BOR HNHMANOING BaasoRABVE@WRoLGEY is

equi pped with a nunber of physiol ogical nechanisns to cool the body when
body 15 tenperature is increased. Body tenperature is typically increased

by eithey environnmental heaiBgtkardwrid ofittiefhvEAtiowr cduction (i. e. when
t he body i s undergoing strerﬁﬁmmieat is primarily
removed fromthe human body by active cutaneous vasodilation and sweati ng.
Cut aneous visbigid efithetnwestions when t he body increases the 20 size of bl ood
vessel s near the skin. The increased blood flow facilitates the transfer of
heat from the bogye hRsifgnwhtibn fr&ﬁte??éxﬁe’rzﬁgll'o%om A hmR RS le semi-
Evaporative cooling occurs during perspirdtion BN sveat evapor at es froma
per son' s skpermeBele and enpermebble dotly ahitsaMoretpacticubaby the preseneipuentn rekates
vaporise sweat, a signjficant .anount .of netabolic heat.is dissipated with
the evapor ald BifYSiFms b metitsl fainasing &veRAHIYe FoRlingsin SR BmERPIp @ndons
wor Ki ngtd n i eemBAAt bsdy &38. envi ronnents. \Wile a high heat stress
environnent is typically a result of hot weather, it may al so be caused by
a body suit. For exanple, in nuclear, biological and chem cal (NBC)

envi r onnent &, Dp¥srintien of the RelatedAt t o don body suits for health and safety
reasons. These suits are often nade of sem -perneable or inperneable

mat eri al , SeVRY §id¥r ol fithétidindrhiRllg] £ Bhmat beifg Qf cof@badplehfpelf@t st 8kt her
cutaneous vasodilation or perspiration. A nunmber of thernoregulatory

syst ens hav@aipsanediwithinop aerrew rangsi oft teinperahiwesdi Eetl thés teespnofa hisean Badynis

L1 gt el gt g Wi RER ARt B sl gl e SRR el kel 38Y by
the Unitsed ehipersurdr [y ifa@tale@r aBedyBitempeariataé Sheypicaly Gocromed byBeded) to

provi de personal cooling to personnel wearing insulative protective suits

i n hi gh heatnvéopmsntabhgat sensy daternghbeahproduciion G wiher the kosly| iy vadergeing
vapour cycl hat, ciroulates a chilled fluid through a network of

t ubi ng houssgrgﬁg@s?wglg?afgb@énsfer garnent. Heat froma wearer of the
garnent is transferred to the chilled fluid. The fluid is then chilled
agai n by the ALMIStaisd primagily ateetbvidicfromnitiee tHumane dody r byrsdeive gemtamsonis One

critical probl wth,the AL is that it 1s heavy., By including th

cqui var ent GROSTIER S8 AN CRIE” COARSEMD AP LEHAR RS ATBB P ETRSES (B he
ALMCS v ghsizelSf 1B 9&5sE18 nBAthS skih! O aRGreasild bfdddi ffovi fariletitel HedRdnsfer of
additional load for the user of a body suit. The additional weight is

bur densone Hest fromethe bedy tthe skinufon disyippttonstoghe enasonmieat. Eseprratveptopling al
activity (i u .0f . 1] ikt). Furthernore,,because
addi ti onal On%ﬁrasb%"[}ﬁlg egé%lg;lggg@legr%%é egj&%ﬁ%&ﬁg}e{} atp%rsé) ry %?'heB%R/%S? t he
cool i ng benmbithstiad fanfduESS reByrgheis atquirdsto wpotisalsWyathagadifican? Qnivuat ber
limtation of tr]e ALMCS system s the |ack of humdity control for the body
suit. The tPeiARIlE heatisissippipdayith bgevarorating Bswgasuit is mini mal ,
especially in suits that are designed to be inperneable. Therefore,

moi sturgg from r epphdehthRN réfithtioNSisCYRRAN &b fltsHs Wh%ti‘ﬁnﬁ%ht RediCsttds@pped
within the suit. The retention of noisture Increases the humdity of the
air in the environmenis.r ${haledshigly heps stess\eevicauhémds typivaBy 2 Sesuitaifhetweatliers esul t

in the onset_ of eat di,sorder. if.t cool i,ng. provi ded by. AL i S.
nsutti o ot s aftpitE Sttt LRy Sl For ERE Rl RleaE iy Sl b
Anot her exgqMB® &fvidnfRhieptisomnAhret RQLART @YWbAtIYY SNIStRMHesIE RAd Rafespnal
| ce Cooling System (PICS) devel oped by the United States Departnent of

Ener gy, whifé#openpliiese 1fels afe efien Headsk ph serni-permsablepgr anpasticalle nyatenild
wat er through a tubing

A
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30 incorporated into a garment worn by the user. The cold water absorbs
heat fromthe skin of the user and becones warmin the process. The warm
water is returned to ice 2 bottl es, worn outside the garnent, where the
water is chilled. This new coId water is then re- introduced into the

garrrent to contin i arat u |re for t he
daer s consurtetabHFpERaIel oS8P ettt PYR uPerf bR VERR by ne
user. 5 In pérspiradiont he foregoing, it is desirable to have an apparatus and
nmet hod for enhancing evaporative cooling in a seni-perneable or inperneable
body suit. It is also desirable to have a mcro-cooling systemthat is
| i ght wei ght and Pr® b%rsoﬁathﬁtrmregzulet@m syfteras havee besnadevelpped dpnassisinivethe .

Summary of e ) thes b
rovi ding aSgep el bAR s SR PUARENL ohd (ERLRRLL . QISR RS e
shoul d k& amer Adlvatoed Lightwdifie Mtasedlhnatmv(etrwmgnSmﬁnbemMﬁisenBﬂﬁﬂd wal
et hod. | kol w.ae it e Hraed Bt Amvos S RBIpP BLisifal SRt ohommEnd.
described DRIFIEOI th Brovide SRR BB 8 pliSShril §E&THe OB (Bteciive suit

m cro-climte cool I'ng system for enhaﬁm ng evaporati ve cooli'ng in a body
suit is pr o kigh hegthgrass engrannonts: eThoAILGMS sy an elecirivelly desem vagour cycpl ed
to the body suit . to erate air into the bo uit.

dehumi di fi ef°% fdu%‘l""eag‘f ateh 8 ‘f}g]r]tedlrﬁ &‘é oy, %tnﬁt‘@rf Oddpg%gﬁtquﬁw @V Bhfat The

dehum didf i efraRi@fRAFRBY HE FEHES wRaleR Y E theQWarlEftii§ GaMifertQl f0AP ¢RIIRBIRIY! €
fromthe flow 20 of air. The |ayer of desiccant is preferably housed in a

cani st er wi The Huidiig ﬂtenwbd}ﬂdragamcbyﬁée ALMCE rand cirewlatgd ba¢le ingmthedegeicanster
opening to cancno g the canister to the fan. In a preferred enbodi nent, the

| ayer of deSte¢8nt is deposited in a lattice support housed by the
canister. The lattice support is preferably of a hexagonal shape.
Preferably, the Oebuwnitidalf prebleimoithichs ALMOS isathapiers deavyc| Byeinthdingethond
opening. In 25 not er preferred enbodi nent, .the cro-clime cooling
system i ncl eyERIem arW?‘t“@bi’“&B%‘SP%l“Ed‘“t‘H% ldéﬁa“m—ﬁﬁ“ﬁ’iﬂeF he AhMfe} WetehE her
preferrpagd V. body
SUi t by R 3 el e B T ol e b R e

t han about it 1Eh¢ additiomal v@ightlim bardenbmme éortihdluwnpambultaﬂg in rse@narios that a

net hod for enhancj ora ooI| 0 it rovi ded. The
et hod begi FAUES Bhisleal SEPRE"b'a Pasoar ok mmilisty WO shihy Futpdios, eeast | s
then renmovegididdam hiteatolie Weat 1sagehexkAYedab>l' BLhiseto ‘é@ﬁy QH@NLMCQ ﬁlep&ﬁilﬁér ed
enbodi ment, the nethod includes defogging an eyepi ece of the bodysui t 5

with the fllbanetts ofiALMCS ryat beatdedsepartaliiontigatedt of the invention, a
mcro-climate cooling systemfor cooling in a body suit is provi ded The

m cr o- mate co '

gener atD o t1 ow Srolf RNESH o1 KIRTCE skl SEHR AR bl BO A el O

fan renovesbadyisaitu rleleftrannfetr beait irimdbutaifthe Bodysnitrig ndnmm,sademaﬂlyt inesuitd body

suit receives a f|ow of ter from er pack, ,which stores a su

wat e The BiofieAetiIEb® g OmRIESS %ﬁﬁr@cmﬁtwg fMLRPIRERY Bl The
supply of VRlB6rafigh o@ls%atbf%nél'ssﬁ)dbé WapPed WithHOthe IS8, f’i"ﬁ’é"’ré%énti%tﬁf mORYurbe
provided by a punp or by applying pressure to the water pack. Qther aspects

and advant agesassh thédwimidign of dle airlin the cuiteanaprstards evdpogative hevoling. This
25  problem may result in the onset of a heat disorder if the cooling provided by ALMCS is

insufficient for the maintenance of a constant core body temperature.

Another example of a conventional thermoregulatory system is the Personal Ice

Cooling System (PICS) developed by the United States Department of Energy, which
removes heat from the skin of a user by circulating cold water through a tubing

30 incorporated into a garment worn by the user. The cold water absorbs heat from the

skin of the user and becomes warm in the process. The warm water is returned to ice
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15 following detailed description, taken in conjunction with the

acconpanyi ng drawi ngs, illustrating by way of exanple the principles of the
invention. Brief Description of the Drawi ngs The present invention will be
readily understood by the follow ng detailed description in conjunction

with the ac a I ciljtate this 2 scrip | i ke
ref erence nﬁﬂgg%l °fa b‘%\,\{l{hg%ﬂ'ﬁ%’?’s‘?’ﬁﬂ&th‘? giateg! ﬁé’”f“g c}Eisgrlfr C(ilgl"f’aitffs‘tsrat es
a perspecti Mﬁn‘fb-@ﬂ’t’r&fucé’d SHOHRE barRAF kd omirllleCdoBlifg.| MRE&HaFAOMWARG shpplyei i n
accordance w th one enbodi nent of the E‘r esent invention. Figure 2a

i || ust rat esrequised dles wsee's gpraymption refailiing i anj additionaldeadthabmust kg hain brie
enbodi nent @1% the present invention. 25 Figure 2b illustrates a
cross-sectionarowvi ew of a dehunidifier in accordance with anot her

enbodi nent of the present invention. Figure 2c illustrates a perspective
vi ew of ghe int e oiewodf thePorvgding] iti i8rdesifatie t® hahenae appdritug apd efettiodetbr
enbodi nent of the present invention. 4 Figure 3a illustrates, a

per spect i veemaevwaﬁvap%w|6ﬁ@llng~.lna?o°@a}4d>3ﬁe@a eimpsEneablseadyesHit. Hris alse
present inv r i

accordance g\n&yﬁg‘gntgﬁjéa%‘goagfrﬁn%ﬁtéoé@%h %rﬁe@gn?sy H%&\;} f;ghgﬁf? &)g? .“3‘%‘?‘@‘&‘%&‘9

i |l ustrat escantot ofthe bedy swinalvinonmenof a housing in accordance with one
enbodi ment of the present invention. Figure 4 illustrates a body suit in
accordance wi th anot her enbodi Ent of tge present, i nvention. Detailed
Description of the Preferred the Inye atus and net hod for
cooling in a body suit are provided. In the follow ng description, numerous
speci fi g, detai l ST . N i r t ndi ng
of the f)or esent | n@geﬁ{e?'%ﬁ}w{nh\?\nnIqhsgéelg%n%egr stFa gg%b\qﬁ gﬁg{eﬁfgﬂ%ﬁ{e&ﬁg { ed in

the art, thathahéiag poelirgnin a bugnsuion Itnshpukieb@apyrediated thit tho ptesanrinventioall of
t hese speC|f|c details. |n other instances, well known process operations
have not be®¥ besmplementebin RUMEIRYSIVRYS, Anchiding ah g Pracess, Ak aPRAANRS, 4 YsBscure

the present 'd@ €0k Qa”meEJ g“rseev%rdl'lhb%&f'v@te%?oo%luﬂ §B?91§éb}6f‘es¥dt%§%}ftnoﬂ £00l 1 ng

system 12 coup ed to a y suit 14 being worn by a s ect
accordance géstfibaiitelembodi ment of the present invention. Mcro-climte
cooling system 12 i s supported by subj ect 10 usi ng a harness 16.

Mcro-c)Jmte copli tem 1 esa dehuni di

Second B0 denun th1edrEpgtensof S TBRan e piah 2 7Bis S sp e § PG s ng
20 and a figihandihg e@ipotdive DBHEAY G aqiouy sﬁﬂquﬂavmunnw fhices-cliMbtel &)oﬁﬁ%lm ed
to housing 20 and a second filter 22b. Housing 20 is further cou;})ll ed

first tubi ngysem imebrdes 8 debperpieshionge body Auit|te gersratgmoflesof girrinosthabadn
through m C§u‘i’ Chl {;]r%ldsiﬁé’lj éo’& ﬁéttﬁg‘f%r?fe?ﬂ’ov%s ﬁst%?ﬁé{?}rﬁ%&é ARLAS Pughog 20

The air is en ers ste I’OUQ ers renove
pol | ut ant s, dehualidiéisr mfelrﬁﬂy 1rd>|h8ies apiayel iof desitcantwriemol s molsnt €itdnd theafhwlv

chem cal agent.s._Thereaf the air ses through,dehum difier 18, which
i ncl ude?® a el cE%{aYFr00¢§M@t%P§°€%ra@m08Pﬁ R SterAw%?E? figstiopemigs to
dehum di fi efecdiBe tHeFROvwAHS ai ﬁld@?&%h@d@ﬁ A:fohﬁlbftl?é‘cdnﬁté}(wﬁierﬁn 20 and Dbl own
into suit 14 via first tU|ng 24 and secon 26. First tubing 24

channels the flow of dehumdified air to an inlet 28 in the back of suit 5
In a preferred embodiment, the layer of desiccant is deposited in a lattice

support housed by the canister. The lattice support is preferably of a hexagonal shape.
Preferably, the dehumidifier includes a lid to open and close the second opening. In
25  another preferred embodiment, the micro-climate cooling system includes an air filter
coupled to the dehumidifier. In yet another preferred embodiment, the fan is supported
by a housing coupled to the body suit by a tube. Preferably, the micro-climate cooling

system weighs less than about 3.5 kilograms.



14, while second tubing 26 channels the flow of dehumdified air to a
respirator 30 to prevent ‘fogging of an eyepi ece on respirator 30.
Mcro-climte cooling system 12 al so i ncludes a power source to provide

el ectrical energy to operate the fan. By providi ng dehum dified air to the

suit environnent, the cool,i ef f of the 5 su iration is
greatly enhanced® @éﬁ}éﬁ&s"é“@\%gﬁ?mégéb%r‘%‘feégo?ﬂ& H“er%ﬂde%o(ﬁlﬁng ERER BB ed
to dry air, c&cm%sy Riveay shieR rgsro%ﬁ@é erh@mtmr&gﬁﬁrﬁyogéné&hﬁgm B8 hiPhto

mcro-clinmate cooling system 12. After being circulated wthin surt 14, the
ai r absor bsthabbdy swit Mootore hraethsmrdmmd feoun the fhuw of did by hrigwgbf desprventndo | c

Cont ol s ¢ b DFPE Emp i g s e lieti B aRe B ey Biche L (e PhoRfisg

into suig ldith Weeflow Beait.an is set at a high speed, a greater flowof air is
blown into suit 14 at a higher electrical cost. In one enbodi nent of the
present invention, the flow of dehunmidified air may be set to two speeds,
such as a | ow r alneyes en@sbar ¢mbaginensa the myertiqm A migio-gimaic ispejing eysemyfor
11041/ mn n RL f t 0 0

micro-cli ma%ooh?i P%ngodéfg%lt 1'5712)9(%1 ¥ ;fh% Qro Jh z{?g c8§§% %ﬁ%ﬁ% Ifl des a fan

flexibilitycouptbdviarthebydy mlu&ﬁgerﬁmte embEalrdﬁmm oy snit. 1A ﬁal)rhnlilﬁlﬁer
detached fromm cro-clinmate cooling system 12 and replaced wth anot her

dehuni di fi efouplsdttaithe dep remeases apaistireafiomihe dlovn et giss; 4 dabipe dispaeaduni the f i er
18 has Wenb(ﬁf%p%gq%gewm f%@até’x“ﬁ’oxﬁaacaa@f P&Jke w%‘?&P&BFe@ta hly”&f%&%ﬂ | mat e
cool i ng syste are preferably ergonomcal 'y desi gned I'm ze stress
on 20 subj €the ﬂ@w of wated grdvides ,addhhena:l@npbmtmtthe bhody mefﬁreedubylydéswayn&dnvm th

m ni mal folds RS to rev in cont nant s

prefer red e?'ﬂbg % n%l i 08’063[ “%Ef s‘ﬁ‘?ﬁ i’&qﬁ"ﬁ%ayu%hp%’pt MebBhower
sour ce, ng @Mﬁe%&&&iﬁek preferably, less than 3.5 kg, and nore
preferabl y, Iess han 3.0 kg. Enbodi nents of a dehumidifier are described
in detail with reference to Figures 25 2a, 2b, and 2c. Figure 2a
illustrates a pePthseesnevts apdeagvartagesadbeiiaveniien v hegome @pparamicBomithey one
enbodi t n t r ster
52 wi t a1 flobiffe RFRANeLIRR, LRE upEhhelion i 3% SQORGRIAR: Arifhls

anbi ent ai rilluytiting b@vﬁe@&ﬁ‘l’tﬁiampl%ﬁh@grlﬁ@pleﬂofﬁhé iléntieh.eases a fl ow of

dehum dified air. Nbr sture is renoved fromthe flow of anbient air by a
desi ccant housed in dehum d| f| er 50., 30 Fi gur e 2b i]lustrates a
cross-sectional view of a EdtefDeseriptic ghe d) H1ZSe wi t h anot her
enbodi mrent of the present invention. In thr S errbodr ment, dehum difier

60 conprises a ni ster wiih a. A 64to C

anbi ent air and a“sBESHY ‘85%‘}%10ng813 re? eélggggof’?ow E)lr goelr?lgvrﬁl%ldrgf\gﬁgalr
An interiorde@érigtioni $i &ronﬁﬁctldsmlwide&he eaebmbaryaiyerdiawingele s iTec adilitaf. tihs

| attice support 70 forned inside canister 62 may be used to hold the

desi cca®% oescrmiion; Bkq febesencg mymeraly designatelike syastuzal glsmgiénal 5 shape to
maxi m ze the anount of desiccant that may be packed into |attice support
70. A pair of r%g{n@ef %lh?s?rafék ?écuw%?»{?%? aP%uB @éttdv&ﬁl UPRAE-dfndts Used
to retain desicca 68 w thi n support 7 Exarrp of desiccants,
whi ch may bmolisgsystan ireaporian wtthmee émbodimiest ¢fltbewpekerd miieation.ai r passi ng

t hrough dehum difier 60, include alumna and silica gel.

Figure 2a illustrates a perspective view of a dehumidifier in accordance with

one embodiment of the present invention.

25 Figure 2b illustrates a cross-sectional view of a dehumidifier in accordance with

another embodiment of the present invention.

Figure 2c¢ illustrates a perspective view of the interior of a dehumidifier in

accordance with a preferred embodiment of the present invention.
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10 A preferred enbodi nent of the dehumdifier is illustrated in Figure 2c.
Figure 2c illustrates a perspective view of the interior of a dehumdifier
80 in accordance with a preferred enbodi nent of the present invention.
Dehum di fier 80 conprises a canister 82 with a lid. A flow of anmbient air
enters dehum difi.er 80 thr h_a first openin n ni.st er nd..exits as
2" Fow of dehur HEPeect MUAHET s herrSluCPRY SoaBuGRENT ehlorfing WPt ®, 75
i's secured émbsmestdthSpresn@indemtion, al ity of screw threads 84. Canister 82
is packed with a desiccant 86. A lattice support 88 coupled to canister 82
opti m ses the packing_of desiccant 86. Although depicted as a hexagonal
lattice in this BaMEdPheilpstrgtes @i layoyeoh 8ppavweiap@yce HRt aqcqtdanes vatih9ast 88
may i ncor po . i : ries, such as a rectangular lattice or
a square Ia%ﬁ@é%%o&ﬁ%%ﬁbﬁggﬁs described in detail with reference to
figures 3a, 3b, and 3c in accordance wth one enbodi nent of the present
inventi &n. Fi gurBg8= Jc illustatet ecoss-petiepd viaw ef ¥ hewsig inhargsidagcel @8h ondii | e
Figure 3c illustrates. a cross:sectional view of housing 100. Figure 3b

i |1 ust rat esST2PUPERKOTLhE PIEFBRMVERM ce or a battery pack 102 supported by
housi ng 100. 25 Wth reference to Figures 3a and 3c, housing |00 supports
power source 10Zrigaft 4ilRAirhte®h HoadPSuit 3R acAfidartk &Yithl dbtRdr doitoddast ¥fthe
housi ng 100 receives a flow of dehum dified air froma dehum difier. The

fl ow of derraseat mveflalkr i s accelerated by a pair of fans 120 and bl own out
of housing 100 via a first outlet 106 and a second outlet 108. First outlet
| 06 and second outl et ﬁQﬁil@t’iﬁe?ﬂ@%idﬁpbﬂh@‘i’r:ﬂr}e { Qode_Ug_lgg directs 30 the
fl ow of dehum dified — A SW LtCH ??%ﬂccup to pair of fans
120 controls the rate at which the flow of dehumdified air is delivered
into thé® suit. Plwepparatussoudr methbdd2for wiobbihg pm v bolls stihare pextidédc alln eher gy
required to erate pair of fans 120,, he detached f.rom housi ng. 100 at
e push ofoUBBE SrbRbtior oo TEHER el gt dethih dieral. PRYES
source 102 xeroakh 8Serfandifly dfithe ?%&&lﬁﬁivénﬂoﬁl._ R3FIINE vhiibrstdddVhdwedver thafk Of
batteries 118, or any other suitable electrical 5 source, is placed. In a
preferred eskibledi imethe artp et thesprgsent inGRtipm ahaydess practiead: withowemgeer albof hat
the electrigal source need,n be repl ac but may be r ed 1.nstead.
Flaure 4 | | e PRBE SeAREay Shen Paaben et ko pEYn e e B e e
of the 1Br esgBéribedis détaidin ofdect hidtitd UnddedssdiiBsbsade ithe prosint Bivehtickb0 recei ves a
flow of water froma water pack 154 when a pressure is applied to water
pack 154. The flow of water 10 renpves heat fromthe skin of a wearer of
body suit 150 asFigWe lfmwaéqs HRRIERECHY G EIGWd{f@SCOPE]P%tSWIFdBiCHEPIE@E‘?aPﬂdY

addi tion. (46 SURRLY vl NALRLLBLOMEH dloBhal with bke Litbolicab 8 HaSteldAl
drinking as well. drinking tube 156 coupled to water pack 154 enables the
wear er to dnvenkiohr Miictdreirsatp pbglingf sysinel?2 stsuppattadrbywarbgect p@oking 8harnkssap

158 serves .cover 15 far an o i ng in water ck. 154 rough which the
supply of ik oMtisre ehipfesnEhe 3P al a2 eemitets s BR R AR ekt Ce o
water foor tRBuMRAR& 1812 Bt AeBhMidEdPIM i9fcovitE ko h Mousihg 20 dhd 4 HrsdGlter

required, thereby elimnating the need for an additional load in the forma

separ at e wed28r Asaprdingly.pgosd dehamigeligrd 8bupeaupled:th bpuging 26 anda secopd filtgr | n
one enbodi t, r. RH[H% ' r : [ [ e the flow
of 20 mte@?hﬁoﬁéﬁ%?ﬁﬁ? ng %é&p%\%é\%efﬁptlt%?lgé%vaaﬂgrg S%%r?g t{IiISS\iH 2{3 provi ded,
anot her enbodi nent of the invention allows the user to apply pressure to
wat er pack 154 fArfloei dhanbientodit iggdawndhiouigh mgcpuelpose sodingsitstem 12 byuech an

enbodi nent, ter pack 154 .is _preferably forned froma saqf | astiq.
material sd*t feghigte #998%2@; 315@@%& Qisrpite W%ﬁ*&e&é’lhﬁlt?ﬁgfzpa@w 25

Q her egbodiBM $olitabBesicAVANbIIRA, Wbt pRRicBRRAA&GDL0IS, CodcRORE afkichb@ta] N the
art fromconsideration of the specification and practice of the invention.

Fur t her nor egemter ffakmafiey therrat payyeshhoough aehwnslifidrol, wihechpinelydees dediccant

descriptive clarity,. and.not. ta limt the present. i tion. The

enbodi ment 30 S sk isPRERORan fr & ot eliFe BERRAR I 30 AP Beeckiftotcthre
exenpl ary, tMé £ ihhRubiAy @0tan@rbldeh fbo deit i1nesh Bist Litenappandeekoad tGhiay 6. 8
CLAIMS 1. Amcro-climate cooling systemfor enhancing evaporative coqoling
in a body dilist tubsngrdst thanaels the Bowpd debypidilied o &npr iBIRS Wiuihe baek gewbr ate a
flow of air into said body suit; and a dehumi difier coupled to said fan,
wherein said dehumidifier is to renove




moi sture fromsaid flow of air. 2. The micro-climte cooling system for
enhanci ng evaporative cooling in 10 a body suit as recited in claiml,
wherein said dehum difier conprises a |ayer of desiccant to renove noisture
fromsaid flow of air. 3. The micro-climte cooling systemfor enhancing
evaporative Ang j i it in claim. i i
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wherein said fan is sulphoorted_ by a housing, wherein said 10 housing Is
coupl ed to sl bereptes dlopv plaig if plsvn 1o sy 4ngtca Bighey plgetaicelotsist-ndn 9Pt em
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generating a flow of air into said body suit; and renoving noi sture from

said flow of air, wherein m)istureo'iD removed fr said.flow of. air by
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wth said f\!vR}\{v grflot cierr ‘dehumidifier containing fresh desiccant when the desiccant in
dehumidifier 18 has been expended. Harness 16 and each of the components of micro-
climate cooling system 12 are preferably ergonomically designed to minimize stress on
20  subject 10. In addition, the components are preferably designed with minimal folds and
gaps to prevent the trapping of contaminants. In a preferred embodiment, micro-
climate cooling system 12, including the power source, is of a manageable weight,

preferably, less than 3.5 kg, and more preferably, less than 3.0 kg.

Embodiments of a dehumidifier are described in detail with reference to Figures

25 2a, 2b, and 2c. Figure 2a illustrates a perspective view of a dehumidifier 50 in
accordance with one embodiment of the present invention. Dehumidifier 50 comprises

a canister 52 with a lid 54. A first opening 56 on canister 52 receives a flow of ambient

air, while a second opening 58 on lid 54 releases a flow of dehumidified air. Moisture

is removed from the flow of ambient air by a desiccant housed in dehumidifier 50.

30 Figure 2b illustrates a cross-sectional view of a dehumidifier 60 in accordance

with another embodiment of the present invention. In this embodiment, dehumidifier
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10 14. The nmet hod for enhancing evaporative cooling in a suit as recited
inclaiml 1, wherein said | ayer of desiccant is deposited in a lattice
support. 15. The nethod for enhanci ng evaporative cooling in a suit as
recited in 5 claim 14, wherein said lattice support has a hexagonal shape.
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conprises a canister to house said Fayer of desiccantthérein. 19. The

m cr o- ¢l i man@storofrom ghesiiew eframbient aio passing thromghk dehumaidifres 601 ipdludal2ind ai m
18, wherein aai]d | ayer of desiccant is deposited in a lattice support
housed by FAf§"¢48&Fster, wherein said lattice support has a hexagonal

shape. 11 20. The micro-climte cooling systemfor cooling in a body suit

as recifped in clAipfefdried aiBsEmBnSEl the fdebinhidifisras lustried e FRuey 2eleHighye
applying pressure to said water pack. 5 21. The mcro-climte coolin
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of water ”aayprpf%rrgﬁ Q%ibggiqlepNof"th%tr&EnﬂH%tion. Dehumidifier 80 comprises a canister
82 with a lid. A flow of ambient air enters dehumidifier 80 through a first opening on

canister 82 and exits as a flow of dehumidified air through a second opening on the lid.

15  The lid is secured to canister 82 via a plurality of screw threads 84. Canister 82 is

packed with a desiccant 86. A lattice support 88 coupled to canister 82 optimises the

packing of desiccant 86. Although depicted as a hexagonal lattice in this embodiment,

it will be appreciated that lattice support 88 may incorporate various other geometries,

such as a rectangular lattice or a square lattice.

20 A housing 100 is described in detail with reference to figures 3a, 3b, and 3c in
accordance with one embodiment of the present invention. Figure 3a illustrates a
perspective view of housing 100, while Figure 3c illustrates a cross-sectional view of
housing 100. Figure 3b illustrates a layout of a power source or a battery pack 102

supported by housing 100.

25 With reference to Figures 3a and 3c, housing 100 supports power source 102
and a pair of fans 120. An inlet 104 at the base of housing 100 receives a flow of
dehumidified air from a dehumidifier. The flow of dehumidified air is accelerated by a
pair of fans 120 and blown out of housing 100 via a first outlet 106 and a second outlet
108. First outlet 106 and second outlet 108 are each coupled to tubing, which directs

30 the flow of dehumidified air into a suit. A switch 110 coupled to pair of fans 120

controls the rate at which the flow of dehumidified air is delivered into the suit. Power
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10  removes heat from the skin of a wearer of body suit 150 as the flow of water circulates

through tubing 152.

In addition, the supply of water stored in water pack 154 may be used for
drinking as well. A drinking tube 156 coupled to water pack 154 enables the wearer to
drink from the supply of water stored in water pack 154. A cap 158 serves as a cover

15  for an opening in water pack 154 through which the supply of water is replenished.
Because water pack 154 provides a source of water for the wearer, a separate supply of
water for drinking is not required, thereby eliminating the need for an additional load in

the form a separate water supply, which the wearer would otherwise have to carry.

In one embodiment, a water pump is preferably provided to circulate the flow of

20  water through tubing 152. However, if a water pump is not provided, another
embodiment of the invention allows the user to apply pressure to water pack 154 for
either cooling or drinking purposes or both. In such an embodiment, water pack 154 is
preferably formed from a soft plastic material so that water may be dispensed simply by

squeezing the pack.

25 Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and not to
limit the present invention. The embodiments and preferred features described above
should be considered exemplary, with the invention being defined by the appended

30 claims.
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body suit, comprising:

5 a fan coupled to said body suit to generate a flow of air into said body suit; and

a dehumidifier coupled to said fan, wherein said dehumidifier is to remove

moisture from said flow of air.

2. The micro-climate cooling system for enhancing evaporative cooling in
10  a body suit as recited in claim 1, wherein said dehumidifier comprises a layer of

desiccant to remove moisture from said flow of air.

3. The micro-climate cooling system for enhancing evaporative cooling in
a body suit as recited in claim 2, wherein said dehumidifier further comprises a canister

15  to house said layer of desiccant therein.

4, The micro-climate cooling system for enhancing evaporative cooling in
a body suit as recited in claim 3, wherein said canister has a first opening to receive said

flow of air and a second opening to couple said canister to said fan.

20

5. The micro-climate cooling system for enhancing evaporative cooling in
a suit as recited in claim 4, wherein said layer of desiccant is deposited in a lattice

support housed by said canister.

25 6. The micro-climate cooling system for enhancing evaporative cooling in

a suit as recited in claim 5, wherein said lattice support has a hexagonal shape.
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9. The micro-climate cooling system for enhancing evaporative cooling in
a suit as recited in claim 4, wherein said fan is supported by a housing, wherein said

10  housing is coupled to said body suit by a tube.

10.  The micro-climate cooling system for enhancing evaporative cooling in
a suit as recited in claim 9, wherein said micro-climate cooling system weighs less than

about 3.5 kilograms.

15
11. A method for enhancing evaporative cooling in a body suit, comprising:
generating a flow of air into said body suit; and
removing moisture from said flow of air, wherein said moisture is removed from
said flow of air by a layer of desiccant.
20

12. The method for enhancing evaporative cooling in a suit as recited in

claim 11, further comprising filtering said flow of air.

13. The method for enhancing evaporative cooling in a suit as recited in
25  claim 11, further comprising defogging an eyepiece of said body suit with said flow of

air.
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15. The method for enhancing evaporative cooling in a suit as recited in

5 claim 14, wherein said lattice support has a hexagonal shape.

16. A micro-climate cooling system for cooling in a body suit, comprising:
a fan coupled to said body suit to generate a flow of air into said body suit;

a dehumidifier coupled to said fan, wherein said dehumidifier is to remove

10  moisture from said flow of air;

a tubing disposed in said body suit, wherein said tubing is to receive a flow of

water; and

a water pack to store a supply of water, wherein said supply of water is to be

used for drinking and to provide said flow of water.

15
17.  The micro-climate cooling system for cooling in a body suit as recited in
claim 16, wherein said dehumidifier comprises a layer of desiccant to remove moisture
from said flow of air.
20 18.  The micro-climate cooling system for cooling in a body suit as recited in

claim 17, wherein said dehumidifier further comprises a canister to house said layer of

desiccant therein.

19. The micro-climate cooling system for cooling in a suit as recited in
25  claim 18, wherein said layer of desiccant is deposited in a lattice support housed by said

canister, wherein said lattice support has a hexagonal shape.
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5 21.  The micro-climate cooling system for cooling in a body suit as recited in

claim 17, wherein said flow of water may be provided by a water pump.
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