WD 00/ 47933 PCT/ USOQ 03671 1 SYSTEMS AND METHODS FOR CONTROLLI NG LOCAL
ENVI RONVENT The present invention relates in general to the control of

| ocal envi WENeo&¥1933 and in particular, to systens and net hogSr/isdo/o3671
controlling the tenperature, humdity, and cleanliness of gas such as air
delivered to sem conductor equi pnent. Background of the Invention There are
many applications in sem conductor manufacturing where tight control of
tenperature, relative humdity, and particles of a process gas such as air
becomes critical. See Chang & Sze, ULSI Technol ogy (1996), which is hereby
i ncorporated b ref erence. Foundries, including netrology, |ithography,
and track ar &%SWM%ANQ)ME'EHOQS EOR CONTERORLEING L.OOAL ENVIRORMENPN
wafers, may require air having a relative humdity of 45%0.5%at 240.1 C,
whil e other cleanroomareas may require a relative humdity of 45% 5% at
240.5 C. -For exanple, the humdity of air delivered to a photoresist spin
station nust be controlled because it affects the evaporation rate of

sol vent of the resist. To avoid particle contam nation, the process areas
may also require Class 1 (at 0.12 microns) while the surrounding areas nay
onl y requithe piesest inveotion sala@sdnrgenesaldd tha bentvellaftodal epfirerhents ahd in

bar oot or SAHCER T sTHBERT mEhof firicontlingdhe e mgttGeaPuIEYaRTd of her
ext er nal mrﬂiﬁbeéib‘fgas%ubh%%iﬂﬁliﬁreﬁ%ﬁé@fégéﬁgggg%gpi%mt he air, the

pressure of the air, "and the electrostatic system

del i veri ngBéél@gl‘%iJncfﬁffﬂéeanEﬂﬁ%ﬁs' Because of these requirenents,
y [

especi al | or- cl'eanl'i ness, ~some foundries seek to control the |ocal or

m ni -envir f critical processes,, rather than the entire cleanroom
and trans ;;@ﬁi[g \%gé gﬁgn)gﬁpé]p@goprgm SEMIcANGYRIoE nanutacinring yehese tight-ermiiol of\0
00/ 47933 Rempdréiard3eiativé h ' j r adC@%}: t es
12-13. The m ni-envi ronlxentdgﬁgtr‘g'rﬁ@g ?tmeq' eé:ftl €, e%%pﬁggagi? ?é%geqaqc\(?@f% of
preci sel y afiiaak Sleee@hgng &sSizdy WsSHT echriotomn(1896), wetieh isshistebyincorporated by
hum di fi ca%teggﬂ nd dehum dification involves transfer of water etween a

t

l'iquid wa Be and a fixed air phase, which is insoluble in the water.
Heat and r'F_ass ransfer effects influence one another so that the

t enper at urPHHIesy g]ciqqiz;}g; metralegy., Jithegsaply, mnsdrackprene where photagesisi and

humdity i i : t ied b .uni t f
iy o vERRd SR aBbicd > Sodh Natdh! ey, RAe ARTRMY L te B himy 22y o
;)f t he ;/vat4=5°/oi\na5% at 24401¢ O/ avhile pthes 8leanrstm ahsas/mbgredlird Becldive

enper at ur

e nd i s ressed on ercent age basi s so that 100 percent
rel ative HEHH‘@[']‘W r‘?‘é(ag(xﬁ'-g 5?&?@‘&:‘%& @1‘ 'FDOram@r@!ep@eMldm@ﬁglr&eyvq&d toa
Accurate r i 1.4l i | 0 -} oop
Control | 1o ORIt S sipROR Hh a3t e cBifoled Beli EdclEihe B nBratfi 3R ok,
condi t i onssolverd of dbe pesisty Toexvoic pattistepeortamirationg theepricess arass mial vlso
presents c@allexges E] f}ﬁg desi gn ,of _[h cl osed-] oop controller. The
sem conductOPF HdfsE 33 2dnieonR)hitesthesiriogndingeareas seayenly sequite Class
rel ative hood{dt)0.9mi 3 Vélot Stiages: -afir St ' lael OWET S
t he tenperat ur(e 30a%crlln ‘ﬁﬁ%ﬁgm@g?‘°?%br%@%mﬁégﬁgﬁ’ﬂ H%@‘?’ﬁ%@e@ 6@3 val ues;
second, a M&\Cer raises the tenperature of the air to a desired val ue,
and, third, a steamsource humdifies the air to achieve the required
rel ative hitoantdries mdet\eorerol otiver pbmm@rafﬁictih?méﬁeam oralf! ﬁélddﬁ]@g“b i

oi ling

unstabl e conpl ex process, and it is difficult to provide control
t hat gener %Xmgc@rl?é’nﬁ@dﬁ ¢tBar axisinal contaminants, epbgassing of maserials coniacting

within th r 1 ; " t espaonse tine of
i ity 1 h BResle BF e dir ghd e oot iE iRBhErod nE SE8RIT T 1 oo

sl ow and udglivedngtthelai.to tBeprosasst he tenperature and relative humidity are
coupled and it is difficult to precisely controlling the anmount of steam

used to hudechuse ohtheae requiréraenispespecialiyefor cleapliness) sbare uddiiés §66k to

dr awbacks. 47933 PCT/.US00/ 0367 myary of the |Invention
coVr\Qroq%e ocal or mnm-enwronmenjts o?crsltli'ca! prgcesses, rather than the entire

cleanroom, and transport wafers outside mini-environments in SMIF pods (standard



The present invention provides a robust and cost-effective alternative to
the systens wused previously because final humdity and tenperature can be
treated asWHMIS| ed paraneters. In a preferred enbodi mentpcBEUS®®3¢7L qui d
contactor brings liquid into intimte coAtact with gas so the gas | eaves

th t agd | t , heat heats th t
dosirod « Sienenioe) Bfeddedd) Tehdh 5 TRE o idols 125 I maenvronments atsy  he
i nl et |iqoost-¢féegtioe abutr | di t, th
Cystom avoi de. Cne ol 111 oty aved BEpRbely cBnfoRedbeh SR AR e ana’

hum di t A s L. T0d) i f i st ai

i ctat ey | handhcwatel soteh, fikficaf® b e lfEAHH IeNes ranstanarwater «

rel ative hetwesn gliquittwatenphase aoti sterimit thﬁé,’wﬁibg i® [ridblubie w%%'ét%P,' ling
(0]

tenperatu nd,relatjve hunidity can be transfornmed I nto one
control | i [;@ag ApdRass {fa%feé g%faﬁatﬁtlmfb#encemmaiher s@thatibe tempemtie ar

direct corativOhbmiditeareUHuk f ese paraneters, the invention permts
preci se control of I%I en\llalfgrdofr?i)tggmés?' used in the ULSI technol ogy. WO

00/ 47933 / o4 . Bl ef sgription of the Drawings Figure 1 is a
schemat i c%a#gﬁcgﬁﬁﬁ@gﬁéﬁé%ﬁ?ﬁ§ &lﬁ P’ﬁ?ﬁ %V@ﬂ%’rﬂ%ﬁo"tqfl’éf igft by @ninit mass of

i nvent i ondrnyaiguRelativé hunsiginais CYpaantal j act

Cool er-Con{jygnser (DCCO) slu)?t ;%f@'é}gor uggﬁ?ﬁb&ﬂ{eaégﬁva\ﬁppée%%g%cge evﬁtﬁﬁre 3A
is a top YRBOV Wrthgvaperpeessenof the water aptheddsterperatad, And idexprebidiish cal
housi ng o = IS a cross-section of a sprinkler armtaken
on the ”%&HX_S%\RC%&H&&E?%; glé.%%bi Fb%i?%“‘s’@%‘@‘*i'"@?’@%}énﬁ%‘ﬁ saurgtechais pndrik| er
arm takenpemémmédﬂged@-gﬁ.of Figure 3B. Figure 3D is a perspective view of
a sprinkler armillustiating the direction and spacing of the orifices.

Fi gure 3EA] 2L i r.armshow ng jts internal
structur eAbégfdgtﬁiéglﬂgﬁﬁ gg{%&?%@ﬁléé%r&m H{e%"f'rﬁ%‘éséJBtﬁlpﬁ?d' eentrol
sui tabl e tacompensateiior Histubancesbudinas ehades i tidrfibieflr aff BhAitBns Otne"
t asks perfornme é/ one enbodi nent of software inplenmenting the preésen

d
i nvent | onPO'rtP'ngg Ween tgginesatuse and Jelative Aumidityopiesentsechallenges to thant r ol
system thg’?ﬁ"?ithé?ﬁ?%ﬁ@@?%ﬁ{’@'i"%cfh(:hart showi ng a process path for

hum ﬁi fying : emao e preﬁe][lt inventi g_n].c Figure 8 is ﬁ

Eiifle%"3?*@%&9&5‘2@@%\?&%@%??%ﬁ%%’%%éﬁwﬁgé Yo eSarQlR BB ReMpelrRaRd N e
. . . 9 ] 4

resul ts ofeldtie@hohidly éigbrabbseai iimibd ‘é;éqe%ghrﬁ?%*gﬁﬂ@ s y\lg nge%{\ggr$ﬂ§e

PCTI USOO' 03671 5 Detailed Description o rred
present i AREHUGAItY of thecincoming 8y betow the desirerr valuesigsadoad| ateatertaisegnnent

gas- 11 qur 1 Ptz Yne Aol feeimP it egmgouse nyawciis
shown in Figairdo hehiehe theasquifet felathverNuiRy. HONeUSC bURT atBPHPIHASELH o

with a contact nedia 106, a gas inlet 102 Del e con
gas out | eSOEP aRRENSIAklecomplex preasiss, andd s difficujticdpropidendontroliz@ Botlingy e

th t j a2 1iaui ir 110 |l ow the housi ith
e out ;. HatBeheRates tne fohifed afidlfls §AREEY Pafortbieqnita AimidR wEbBhe00 | ¢ a
di r ect - conequitectisrances eroIS%SRH. FuRhemnerea tr%srés?)bgsé %iﬁié’bf' ﬁkﬂnfdﬁ?ﬁével?“t

ed. The ni Ng

i nstead the I{'“ﬁid is heated and the gas Is coo gover

equat i ons "STHITRGITAM ¢hHangs 8 the heatar pavelisupgivtisee siavhand yinpeedietabte. wi t h by

Mlls & | gy o jch i.s J.ncor.porated by
ref er ence.ByIc%ug pr e*egﬁggg errb%{é)?'rr%:igr;(F’,5 %%&Hf%@ﬂsﬂ.a&‘dfg@ q'&"’H‘E&%r i al
with a | apieciselycantollingdheé amount obSteami asédito haigdiycik! alr, s donbéntidial
liquid an%pﬂg(iﬁc ich brin thi‘rth ljquid and gas into intimte contact for

sufficien pigaifica ck$ saturate the gas with the Iiquid
after the contact. Some suitable materials are tower packing,



refrigerated coils, and tubes. McCabe & Smth, Unit Operations (1976 &

| ater editions) and Perry's Handbook of Chem cal Engi neering (1973 & | ater
editions) WO@v47dss suitable contact nmedia and are incorporapefubdb/ozer

ref erence. Conventional cooling tower paBking typically has |arge hydraulic
di aneters d n_order o,reduce pressure drop, but if there is little space,

" compact ne 'B'F‘amé’ff&@"i%@tm%y be nore inportant than avoiding greater
than typical pressure drop. Whatever tower packing is selected, it clearly
is prefer Mﬁée'htdﬂée’&m‘hp@ldﬁﬁra rehushepd opet-effectivenaiteriiative focthedybtems t he
outlet 11 iy f a. hleat exchanger 114 connected to a
refriger at%ls gﬁﬁé‘??@ﬂ}’&&gb#bgéﬁwmﬁ}y anddempergiure cap bertrepted@son syst em
146 and thmohp@ﬁ;gxgh@mggr 114, chills the liquid. The liquid returns from
outlet 118 to a punp 120, noves through the floweter 140, and enters the

gas- | i qui Ny rinkler. 108 formng a
cl osed- | og?)(él I rbf:tﬁfdz;{ ?@%Sd@%gégidggﬁq &Q@éﬁrbﬁpg%ﬂpgﬁeﬁ'Qﬁ"@é"cﬁﬁ%@c?he
liquid t emittrgasise thingas tesvesdhe sbatackst aTakd saffalich tdifparatiteJ4 ineliter
returned h%a%p rati n&b%ondl tions by the chiller. WO 00/47933 PCI/US00/ 03671

6 Furthe e4R Bup desired farpeiaturewand theabeslptsmbumisityithe gas s fixadr ,
but even thalrﬁgFg'ri deigqéfgﬁgréﬁmortﬂat%%@eand dehum di fi cation renoval .

Thus, in the p odr ment, m provi des a nake-up inlet 178
and a re I the reservoir,110, .and high and .| ow reservoir
sensors ﬁﬁ% ar%ﬁr}'e%%ﬁé’é%dﬂ‘ée%gw sY‘%ﬂW\%‘fo'Qﬁ tjf\?a@g‘-%y IOi? gontolling pegpiefed. A
sui tabl e hegbepditdrd aMd $@ ' 2 i IRy ' by
Kobol d | nstl?fl?r?e.nt ; I nc. ﬁg%??gﬁ'ﬁé@g?fa'wgﬁrﬁgﬁﬁnﬁﬁ%? h%rﬁ%cf@lsﬁe - §E)p" is
pr ef er abl yneist ais shigiatesdheslsy bulbeang saturationcigmperatures of fHecaic dpteeiine it§ t he

pur 11 cat ERCLE Ty Wihdnp fsBF sBara fabige 1oe Arhenio eontiond o ¢ ne
" cl osed- | qemiperdtufs 8Rd &é@tivehemgegérﬁbe %ré%ﬁmdgpg b€ oP ORISR Bry HB"

be 50% of the circulating liquid our. I'S erred
spri nkl er argssatugmtiondemperatuie Becaisedhetejismoediredteouphingirt thensotit@! $06. | n

one enbodi th stem.i ncl.udes tenperature sensqgrs 128 and 126 to,
neasure t htgs gé: Hﬁ@rﬁ?@% tﬁ? IRYEOUON NAreits precise, ﬁoﬁ“ﬁﬂPfgﬁ’WI EHVIFRBME B used in
exchangertﬁé{uqubcﬁﬁ@0§y§tenlnay i n anot her enbodi ment include only the
gas tenperature sensorS 122 and 144 for control. In the enbodi nent of
Figure 1, a blower 136 noves the gas to a valve 134, a positive flow

di spl acenent neter (PDFM 132, and a gas inlet 102 bel ow the contact nedia
106. In another enbodi nent shown in Figure 2, the gas enters inlet 202 from
the surroundings, the blower 236 is placed downstream of the contrator,
and valve 134 and flowneter 132 are not used. In the preferred enbodi nent,
the gas travels up through the contact nedia 106 countercurrent to liquid
fl ow ng down. However, it is not strictly necessary to have countercurrent
fl ow because any gas-liquid contact achieving the saturated gas at the
outlet is satisfactory. After contacting the liquid, the gas | eaves at
outlet 107 saturated with vapor and goes to a heater 138 with a heater

coil 142 where the gas tenperature increases to a desired value. A
suitable heating coil 142 is a Watlow Gordon 1/16 inch dianeter cable
heater arranged in a snake-like pattern in tw |ayers to forma heating
grid. As shown in Figure 1, the systemincludes the gas tenperature
sensors 124 and 122 to neasure the gas entering and |eaving the gas- liquid
contactor 100. WO 00/47933 p 1, T 7 Thus, the preferred enbodi nents include
two stages. In the first stage, the gas passes through contact nedia where
it is cooled and humi dified or dehum dified by direct contact with the
flowof chilled liquid. In this stage, it is inportant that there is
sufficient contact nedia surface area per unit volume to bring the gas and
the chilled liquid to thermal equilibriumat full saturation by heating
the liquid and cooling the gas. In the second stage, the gas is heated to
the desired dry-bulb tenperature maintaining its specific humdity
unchanged, at which the desired relative humdity is



achi eved because the desired specific humdity was achieved in the first
stage. From the desired relative humdity and dry-bulb tenperature, one
can extracwadost7933or r espondi ng specific humdity and its sa;,g:m,% 671
tenperature. Saturation tenperature cangbe controlled by controlling the

t enper at ure the | jquid independently fromthe dry bulb tenperature.
Simlarl y,é"@gh%ﬂnt phthe Prawingsre of the gas in second stage will not
i mpact the specific humdity achieved in the first stage. Note the |eading
digit of Figredrs asohesnatia didgram of oneeeribgdintertuf thegystoM ofRﬁégxrééb t
guest i on,-wygi,'gg the trailing digits indicate |like parts are involved. Thus,
cont act %06 and 206, shown in Figure 1 and Figure 2, respectively,

have the sane f.hln tion. Figure 2 illustrates a Direct Contact
Cool er - COE@élﬁ%gr' ‘Q%@é@? a@cm%%ﬁilnmt@fﬁbe Direct aqnammolemomnsshgaocgy 200
pref er abl y,itdHib YoeSsRirtaA hpg&étgg%ygtgﬁged housing, an air inlet 202, a

he '

distributing alrr space at f the housing, a water inlet 204 and
a sprinkl it the top ca reservqir 210 with a water outlet 212 near
the bott g{%&g%’@%ﬁ/gﬁp YJE{R’I %tOWbeﬁmﬁrmttbe Sprinkler losates iptthe Tglindricahe
top of thhousingroftehé DYEOC. and a contact nedia 206, such as the tower

packi ng nmentioned earlier. The housing of the DCCC 200 is preferably

chem cal | gidi e =R ; fe i ceedi ng _hydrocarb ljmts in

opor at  on” €S isPbrdls RGN dFS s et ek nii (o8 e vk o Flwra 4.
housi ng of; Qs 12 inches.in dianeter and 24 inches in height.
The wat er Elq&'{ﬂgg@aﬁ% é&éﬁéﬁ%ﬁf’p Qgﬁ‘ Shineraymytakes: & thelline BB ekFigue 3Bnch i n
di ameter JTeflon tubing. The inner wall of the reservoir 210 is larger in

di anet er tIAE 'So%PgFSF\ﬁ&F'Ye yiew aka sprinkignarmdiiustrading thé directictpandir ound

the circ -+ DCCC 200 'to allow uniformairflowinto the tower.
SEASHGN eyt

The cont ac I'S tower packing 18 inches in height, |eaving an

open space: f i_nche he tower packing is chemcally inert, not
of f - gassi ﬁbﬁp 4k '%o?%?%?‘ﬁggﬁ?@ah SPr aﬁ&gﬁ%‘ﬂ@@dﬁd"@m@ﬁm&:rﬁi qui d
hol dup or _pressure drop. So ui tabl e tower WO 00/47933 PCT/ US00/ 03671 8
packi Ir[:gs Figurg4 'ilm%g%eﬁgﬁawwith@ cratiPksystemeuitable foy use withvthed

| ndust ri egreddift in Aok oxidi zed copper wire cloth; cloth of anodized
. e é?ﬁmvetﬁpﬁ ( . .
al um num \?\nrre, or er'l on filaments. If the contact nmedia 206 is tower

packi ng, | e |.d.b ting screens (not ho or, held in place
by fricti ﬁgdg?gts%esegﬂgra %eﬂ?%%{s me ﬁ)éoméﬁrgb@m@ﬁ‘éétmare

Pr ef er abl ymplenseritingetherekemdnt@stiors uf fi ci ent surface area per unit vol une
to provide good contact between the water and the air for high heat and

mass trang{fire'eiaStratedh éﬁfhﬁ{‘wefﬂﬁé’gﬁ.é?ﬁﬁﬁh%%"ﬁﬁgiﬁt% to intimte

contact necessary to achieve therm e pass whet her

par al | el [ : i i a _non-corrosive
Chem cal 1 ST BYyfBmey thart 3o bhacasitidin Sor iR BE HER e e
from t he sgstenvof thexdi@seht invghtiome | i ne 212 and noves the water through
line 216 to a heat exchanger 214. One suitable heat exchanger 214 incl udes
a matrix Gigurps iva peycHrpmbdic dit show ' I :

bet ween twog copper glg%t es such that thﬁ;ﬁ??%%&é&g?ﬁ&&&ﬁ%&ﬁﬁpg&ﬁﬁﬁﬂe
same pl at SYSH phthepresentiipventieme TECs face another plate. Copper tubing
w th snake-like pattern is brazed on the opposite surface of the copper
pl at e t haFigweiSiscograph illusratingtheaesults of decaspling refativd humiditpfrem

del i vered é'ﬁ ebé}e DCCC 200 circul ates through the copper tubing. Another
copper tuB' 8 P snake-1i ke pattern is brazed on the opposite surface of
the copper plate that is in contact wwth the hot surfaces of the TECs.
Separate water runs through this tubing to extract the heat fromthe TEGCs.
The heat exchanger can be renote if desired from the mni-environnent to
avoi d any di sturbances. A suitable TECis part no. CP 2.8- 32-06L nmade by
Mel cor Materials Electronic Products Corp. The chilled water |eaving the
heat exchanger 214 at the outlet 218 is delivered through the line 204 to
t he sprinkler 208, which distributes the water on the contact nedia 206.
It is inportant to introduce the water on the contact nmedia 206 so as not
to generate mst, or water particulates. It is also preferred not to have
any liquid water phase in the air departing the DCCC 200. The air should
carry water in its vapor-phase only. The sprinkler 208 has a set of
sprinkler arns 244, 246, and 248, attached to a hub



250 capable of free rotation, and preferably, parallel and close to the
contact nedia 206 such as one inch or closer, and about four inches or
mor e bel owWO 8lF933ut | et WO 00/ 47933 PCT/ USOQ 03671 9 207. PEEUL®Idé1ve
spacing and the direction of the or|f| ces 399 (Figure 3) help to prevent

entrai nnme t in.the r et 261. Thus, the air |eaves at the
out | et ?ftgﬂ?% 'F’Jfﬂpf"?b'ée F% ried Embpdimentsat es.  An exanpl e of a
sui tabl e ern ironment for the enbodi nent of Figure 2, is an air-water

syst em wi tIie;prEseR} 'PMWVQP tlalesttp ensystemifor eontraliing thenpealadnvirenmkdit 3ba C

55 5006 RuSenadid SEHE it HrERAE embdrireR, thesistam Ussscargasbaid Vi mim
Thron d ?ﬁ‘“:ﬁ?%ﬁ’%ﬁi‘nwg% huirFbfing HTBES ALBAREIM g 710
capaci L Iye @niggias 198 anIUQeS@hm:m Fle@wﬁh%gmédlgf1omg ac?wn .
hi o onbodnatA0Eblowthh tobshbfmetia 1682 63 aufelilor anevestheansastrosdianyb
350 are lz@wagmtﬂlss;w itk e F0d) aBbGS therBnthBEmefiA 5 tdnas%@amﬁ?%eg{/ﬁ 16

pr ef er abl Iose .g., 1/8 inch fromthe tower vva
arrangene @?ﬁb@%ﬂ@éﬂtmﬁm putleb112t ati on of the arns pronotes uniform
dlstrlbutlon of the liquid on the tower packing in the cylindrical tower

(Figures 1In a)preferred emb@dugent;mb gheﬂlquid‘ctfnt@étbﬁﬂwwiiﬁeéﬂé’odimof ) of

sprinkl er one _Or nore ., four arns in a cross pattern

ooul o be gobTRasetRA BPeres ik amaming Swer, bLE Mstoed Berionid Meatciand ée. | t

hower  hoah 12 olele THidoyerL Yt ion BbA 55 ioab sl sillar. Caplid Blier?| o1 ' 1

the cont adheomyds deaﬁlvgti‘rh'y RHIS & lawinf Hieat 46¢ M8 Trhnéfee (F948) ”%h@h j&r m 344
taken on line A- re 3A., As shown in Figure 3B, an'orifice 399 is
angl ed doM%[Pafatﬁ&bvdsgﬁ e@fe-si deways, but between, for the follow ng
reasons. If the orifice points straight down at the contact nedia it wll
reduce t hdn @ RiefsrRd embasiment the coplact stedim$06 mmardridl withed large suiasonent

an " angl o AERRBIHE of argiptcBherdicalisnertp e ol an Bgsg&bfc'amgﬁﬁﬁgﬁéﬁdat
pr event ed,andaindd fititndte HoHREEP 0P8 icibAt hRAtshd *ﬁ%s?or ce % 8 {urétEE\ﬁ% lg%gr

force directed about the hub can exert rotationa
arm such Wi thenliquic aftex ther cantaet: ﬁmnn@suﬁaiﬂematandsmeimvei aaknﬁg t he

crose secteipebniod s A B Néadbe S8kt LR Lpertiort (1878 & ters,
di'stri but T?A“%’?’ﬁ?‘é’ B el ok Rl £ jRSAr 1737 et 8Gfon)

per spect i \FH°V'¢8\/§Wﬁb{Q1%°'§9¢ﬁ mrfierand aresingorpdratedrby iefeyenbe. di recti on and
spacing of the orifices 399. In a preferred enbodi nent, the sprinkler 308

has a pl (penvenjiooal w@ihngltpwepaaekmgltvmcmw Rlarge Bydraghé Huahse&ermfbra@uart

is a cross-section of

d 0.050 d t
2Br| nkl er té?ﬁag‘iﬁpéﬁﬁﬂd?% C?‘fr?“it Htt ?F‘?aﬁs?igtﬁ $RACE: eompaginessiaidhe B@%ﬁﬁﬁn

passage i rmaj®edhbiediipdriint eRah

Figure 2, thg gas |eg€?ngnat th aqélgﬁbe?'%rf"éftentﬁ Pﬁﬁﬁé#@mﬁ%ﬁ in
the duct Jowef pav'@ng i$ selgciashitaiearhgisqireterably to have ailargef surfecedateh pip7. The
heat er 23&,&@*3% the air tenperature to a desired value. The air is pulled

into a blower 236, |eaves duct 207 and enters a diffuser box 265, which

has a slo 267 suc air exiting fromthe diffuser box 267
t hr ough apﬁ‘j? @'C‘é %% g {P?tofﬁ 9ntea$ §f‘ﬂnlﬁﬁil¥|ﬁ° ﬁhﬁﬁbewflﬂngl% 1Eé|®meéted

il ter w tp ‘%@i’aﬂ."t‘éﬁéﬁ’ﬁ 716 The oRIBR RGBS (rDatcl el 13 A

dA| r) filtdhehsgt ﬁgclaan@erfim chils tbe Inquﬂ %éﬁmurretmaefr]p?s oDﬂéttﬁBJioad?‘
t
The. oby ect 1o5s Thves Bdh ps RAGLBLE, o, 250 el e emiiouichpeniadior dogid « he

rel ative the inlet 104 to the sprinkier 108 forming a closed-loop circulation.

Closed-loop circulation is preferred because the liquid temperature does not deviate
as much and can be more quickly returned to operating conditions by the chiller.
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Sched. c Br%an Wade Sched is a cooperative nulti-taski ng

schedul er Tae shillediwater lepaingsthereatrexchanger m 0kt ﬁieaétﬁlel Q@B% Hér?)éré@g' C.
Task statﬁ.ﬁ géﬁtheefHGESQt {hthe file Tasks.c and schedul i ng 0 IS entered
Cnthis P e 0 the sprinkler 208, which distributes the water on the contact

......... media 206. It is important to introd
#i ncl ude <st di 0. h> #i ncFI; ude <cé)n{°o uﬁ? themaé?r%ré ?C%%taﬁgmeg,%%q%ag a§cﬂ§§ h>
#i ncl ude 19:@9RRYalP Misti Aewates particlates: It istalsolprefertad hotitolHave any/ligeRei N:

schedul €T water phase in the air departing the DCCC 200. The air should carry water in its
vapor-phase only.

The sprinkler 208 has a set of sprinkier arms 244, 248, and 248, attached to a hub

250 capable of free rotation, and preferably, parallel and close to the contact media
206 such as one inch or closer, and about four inches or more below a gas outlet
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#def i ne NUM TASKS 6 #define STACK- MAX 2*NUM TASKS struct taskStruc
t ask[ NUM TASKS] =( PTsanptineLett nextState priorityti meSinceLast'/ (100.0 .
5 taskOst at W0 00879331200, 0, tasklstate0,4 0 {250,0, taSKZStatﬁlésooﬁisﬁil 0,
task3stateQ,2 ,0 {1.0, task4stateO,1 .0},9{2000, 0, taskbstateO

| d t dt int i; int
St aCk( STA@?’“M&G e Y e et i thevgrioas Ba9\FiousS) heiri ot

e unS| ned | ong
£ askount [N, TAGKGL T ermep prethe airbutet 355 ThikE Rl Treves ok Hpomise.

kCount )<6% Faty @G@ﬂdr grom watenpasticiigl@seue, &unBG
fﬁlstl aﬁ zZitl onTa?lfp st af??@ll'l me - 0; SetupMtidockGQ while (I StopFl ag)(

/1 updat e tAmxamnrle of dtsuitablel driviloriiéht for PRSEMBSdment 8 F(QL e g&%}g@l & ¢

i ++ t eLast += dt; //add states to
pri Z)I(’I %y aﬁﬁs ?rbt"‘é{kk”?\%fn owingondit lqm() { StopSchedul i ng( STACK STop) ;

break; } for(i=0;knunFG i++)( task[fgQueue[J].tineLeft -= dt;
PCT/ USOQ 0%6 Ammbient air temperature: 18-25 C A

* Maximum rate of temperature change: + 3 C/hour

* Ambient relative humidity: 35-50% RH

. Maxihum rate of relative humidity change: + 5% RH/hour |
* Maximum static pressure at output: 1 inch of water

» Temperature control range: 18-24 C + 0.1 C

‘»  Relative ﬁumidity: 3510 50% RH + 0.5%

¢ Maximum air capacity: 150 CFM

Figure 3A is a top view of one embodiment of the rotatable sprinkler 308 in the
cylindrical tower of the DCCC. As shown, in this embodiment, the sprinkier arms
344, 346, and 348 attached to a hub 350 are 120 degrees from each other and the
outer tips of the arms are preferably close, e.g., 1/8 inch from the tower walls 385.
This arrangement when combined with the rotation of the arms promotes uniform
distribution of the liquid on the tower packing in the cylindrical tower (Figures 1-2). It
is recognized that other arrangements and number(s) of sprinkler arms, such as one
or more, e.g., four arms in a cross pattern would be also suitable to achieve uniform
liquid distribution. Further, it is not necessary that the “sprinkler” rotate as it might be

a non-rotating shower head, e.g., shaped like a disk whose major surfaces are
parallel to the contact media.

Figure 3B is a cross-section of the sprinkler arm 344 taken on line A-A of Figure 3A.
As shown in Figure 3B, an orifice 399 is angled downward, not down or sideways,
but between, for the following reasons. If the orifice points straight down at the
contact media it will reduce the mist entrainment in the outlet gas, but will exert no
component of rotational force on the sprinkler. If, however, the orifices 399 are at an
angle as shown in Figures 3B, 3D, and 3E, the mist entrainment can be prevented,
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o » . i 1= i_J=s i+l 1. fgQueue(p-11 =

2% RISl oo LA b o R oS b RIS
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shut downSchedul er.(upsi %ned long startTime, unsigned Iohg passes, :
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Figure 3E is a cross-section of the sprinkler arm 344 shpwing its internal structure,
including the common passage in the arm 344 for each of the orifices 399.

Referring again to Figure 2, the gas leaving at the obtlet 261 enters a duct 207. The
air in the duct 207 travels to a heater 238 close to the exit of the duct 207. The
heater 238 raises the air temperature to a desired value. The air is pul'led into a
blower 236, leaves duct 207 and enters a diffuser box 265, which has a sloped wall

267 such that the air exiting from the diffuser box 267 through a filter 252 is uniformly
- distributed on the process below the hood 255.

Suitable filters for use in an air-water system include a HEPA filter with the required
efficiency, or an ULPA (Ultra Low Penetration Air) filter having an efficiency of

99.9995% or more for particulate diameters greater than 0.12 microns or another
high efficiency air filter.

The objective of the control system is to regulate the temperature and the relative
humidity of the gas to user-defined set points, the desired values required by the
process, and to adjust for disturbances to the system such as changes in the
temperature of the gas from the cleanroom or another supply source.

The control systems are now discussed. In the first embodiment, a user sitting a
computer 464 such as an IBM compatible computer with software described below
and a conventional analog-to-digital (A/D) converter such as the AT-MIO-16DE-10
from National Instruments, which includes software, enters desired values for T set
point and RH set point, by the keyboard and display monitor. As shown in Figure 1,
the temperature sensors 122 and 144 measure T saturation and T dry bulb of the
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the present invention. As shown in Figure 4, in the first embodiment, the control
system includes an algorithm consisting of two feedback loops 466, 468, and a
feedforward element 462, which transforms the T set point and RH set point into a
corresponding saturation temperature set point 470 sent to comparator 460. The
comparator 460 takes the difference between set point 470 and the feedback signal
468, and outputs an error signal to a proportional-integral-derivative (PID)
compensator 456 which in turn outputs a command signal to the chiller 414 to adjust
its cooling rate. As is known, a PID takes the error signal: (1) multiplies it by a first
constant; (2) integrates the error signal, and multiplies it by a second constant; and
(3) takes the error signal’s derivative, multiplies it by a third constant, and sums (1),
(2), and (3), which provides accurate and responsive control over a wide range of
conditions. See Weber, An Introduction to Process Dynamics and Control (1973),

which discusses PID controllers in more detail, and is hereby incorporated by
reference.

Similarly, the comparator 458 takes the difference between T set point and feedback
signal 466 and outputs an error signal to a PID compensator 454, which outputs a
command signal to the heater 438 to adjust its heating rate.

In one embodiment, the transformation to the saturation temperature set point 470 is
achieved by use of empirical ‘steam table’ equations, which can be found in texts
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Ividedinto states which execute in a short time period, so no single task
monopolizes the CPU, and the tasks appear to be performed simultaneously. The
software architecture is preferably simple to facilitate migration from a PC to an
advanced microcontroller such as the Microchip PIC17C756 by Microchip

Technology, Inc. since all required .hardware and software can be contained in a
compact package. '

Figures 5A-5F show six tasks in state transition logic form performed by one
embodiment of software implementing the present invention:

- Task 0 maintains a simple user interface for entering the T and RH set points and
displaying T dry bulb, RH, and T saturation on the computer monitor and
permitting shut down of the scheduler if the user presses the escape key on the

computer. This turns off the chiller 414 and heater 438 and exits the control
software.

o Task 1 includes a wait state 507 to initialize the system, including establishing
communication with the sensors 144 and 130 before initiating control, After the
system is initialized 509, Task 1 moves into control state 511 where Task 1
executes the algorithm described in connection with Figure 4, including
feedforward 462 and feedback loops 466, 468.

e Task2 also includes a wait state 513 for the same reasons as for wait state 507.
In this embodiment, temperature and humidity sensors 144 and 130 generate
serial data so Task 2 must acquire both serial data and the analog signals of
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selecting solid state relays for the heater and chiller are AC versus DC, maximum
voltage, maximum current, and switching speed. The PWM signals have been
generated in software, but a more appropriate method would be to use a
microcontroller with built-in PWM hardware.

-+ Task 5 includes wait state 541 until the user at the computer 464 presses an
appropriate key to enable the logging of data, T dry bulb, RH, and T saturation.
Once logging is enabled, Task 5 moves to states 545 where it continuously writes
the data to the computer hard disk. Another key press disables the logging and
Task 5 moves back to the wait state. Whether control is implemented on a PC or
a microcontroller, it is not necessary to have Task 5.

As mentioned previously, the microcontroller embodiment may be preferable to
replace the personal computer to reduce cost and size. The user interface could be
reduced to a LCD screen and push buttons. The computational requirements of the
algorithm have been kept low enough to be performed by inexpensive
microcontroller such as the Microchip Technology’s part no. PIC17C756.

Figure 6 illustrates a second embodiment of control system suitable for use with the
present invention. In this embodiment, the system controls T dry bulb and RH with
two independent feedback loops 666 and 668. A controller 668 and 670 implement
the comparators 658, 660, the compensation of PID 654 and 656, and PWM signals
driving the heater 638 and chiller 614. Honeywell IAC Division makes suitable single-
loop controllers such as the UDC1000 controller. Since this control system does not
compensate for the coupling of the temperature and relative humidity, it is likely to



' te Dtermi/ TaaErrorDeriv =
' ble 20, 1, 0,} , 1, &CollectData)/" Conpu Errc
(‘TgiEpError - @irEr%orPrev)/((fbat) t #define NUM QUT 11k 1 ti Si ( as (

struct Scre‘gﬂ

#7931 t em out | ten{ NUM OQUT)=(). ne ncelast)/ 10%*?’]8?0/(88%ut o

. . " - 14 S NULL, &RHMeasured
TalrErrorPrev = TairError; { "RH Meas', ! ’ dicted =

. . Me red), Dut yHeat er Predi ct e
Feedf or warithve décrehdéd s&@&ﬁy{Tﬁq.ggylém&Ts? S 8p /

KFHEATI

(rairSetpoint-

ge of te segand embodiment is that it can be

&Tsat Meas ueadily gqnamﬁdm)@wmhﬁgamda@% &TPIBU ?’g}’ﬁ{eat lair Intgr

, 9, NULL, &TalrErrorint},/' Conpute Qutput

er = KPFTAIR T H

¢ k ' " LL,
Duty &Dut ymsm@rt?ﬁe@f@@'lhpbratﬁ%/%%bﬁ? s%ngor (‘jrgat ot Pl o

atSetpoint),r rror +
&Ts pcant)>e

Cussed in the first embodiment
used. The controllers 668 and 670 contain simple functions for setting the set

points and reading the temperature and humidity sensor. T saturation temperature is
not used and need not be measured. The outputs of the controllers 668 and 670 are

PWM signals which interface with the heater 638 and thé chiller 614 as described in
the first embodiment.

Figure 7, a psychrometric chart, shows humification and relates dry bulb temperature
of air (abscissa) to specific humidity (ordinate) and % relative humidity. As shown in

~ Figure 2 and 7, the air entering inlet 202 of the DCCC 200 has a relative humidity of

30% at an initial dry bulb temperature of 17 C. This is point A shown in Figure 7. As
discussed earlier, the air travels through the DCCC 200, loses sensible heat, and
gains vapor from the water contacting it until the air is fully saturated. The air leaves
the DCCC 200 at outlet 207 at T saturation, This is point B shown in Figure 7. The
wavy dotted line from A to B indicates that the actual temperature-humidity path is
not known, nor is it necessary as long as air leaves the DCCC 200 at outlet 207 at T
saturation, that is, point B. Next, the heater 238 heats the outlet air from the DCCC
200 to the desired dry bulb temperature T dry bulb and relative humidity RH shown

as point C in Figure 7, which corresponds to T dry bulb and T saturation shown in
the control diagram of Figure 4.

Figure 8, a psychrometric chart, shows'dehumidiﬁcation of air in a system of the
present invention. As shown in Figure 2 and 8, the air entering inlet 202 of the DCCC
200 has a relative humidity of 50% at a dry bulb temperature of 26 C. This is point X
shown in Figure 8. As discussed earlier, the inlet air travels through the DCCC 200,
loses sensible heat, and gains vapor from the water contacting it until the air is fully
saturated. The air leaves DCCC 200 at outlet 207 at temperature, T saturation. This
is point Y shown in Figure 8. The wavy dotted line from X to Y indicates that the
actual temperature humidity path is not known, nor is it necessary as long as the air
leaves at outlet 207 at T saturation, that is, point B. Next, the heater 238 shown in
Figure 1 heats the outlet air from the DCCGC 200 to desired dry bulb temperature T
dry bulb and relative humidity RH, that is, point Z shown in Figure 8. It should be
noted that point Z also corresponds to T dry bulb and T saturation shown in Figure 4.
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function €’éSt opScﬁe%%@%%%mmlf '/('%WB‘.’Q"E%GTSMMHTWS relative Rohfity,

task(QJ. ndi fthe air withindheablefinces established by the user. The temperature-
humidity path of the air shown in Figure 9 is the logged data obtained by execution of
Task 5 of the software computer or microcontroller shown in Figure 5.




}. /lhegin: taskt void tasklstateOQ static cont = FALSE; if (cont=FALSE){
cont=TRUE; _.//begin: ENTRY function //end: ENTRY function } //begin:

ACTI ON f un®Q WH7933 end: ACTION function if (ConminitializepdfukoolosBggi n:
EXIT function //end: EXIT function cont=FALSE, task[1l).nextState =
tasktstatel; } void taskistatell O sta%c cont = FALSE; if (cont=FALSE)(
cont=TRUE; //begin: ENTRY function //end: ENTRY function FF// } [/begin:
ACTI ON function DRY BULB TEMPERATURE CONTRCL: PID w /'/Corrpute Pterm/
Tai r Error =rTagsetpornt==fatrrierasu+ed:- ("Conpute 1 term i r Er rorint +_
TairError’ ( Ff‘%?i’!'g‘ﬂ?("]ijgd%kpwpmﬂi#mbme Last y1008:%% Tsat Er r or | nt'];afﬁgﬁf’?glt“'ﬁf’ef’ or (f

| oat) (taskfP™@resaHEerofed Gst)/1 ooo; if (Tsat Ze§af¥ Phckinbeki-toqueneg:

f abs(Tsat Er kil SAT I 1IM( TsatErrorint=0.; } TsatErrorDeriv = (TsatError
("Conpute D term TsatErrorPrev)/((float) (task[ lasdedubdimiACEliRaLLA1R00) ]
TsatErrorPrev = fgakdd ror; Feedforward "I (" Conmpute KFCI_"”E)IJ_Z;

DutyChiller i e mutipéfhbgtalindabiel-disthiat Set poi nt + z/&}ﬁammﬁtke t put .

Dut yOni || er ?ﬁgﬁ%%si‘%ﬁmﬁm:mmﬁﬁs at Error i At R saL oL Der v +
Dut yChi t er PE®di.ct.ed;.....L.f (R Chi )l erl<0) DutyChi l | er qﬁ)asn;[sm&ma.sh N0:

(Dut yChl t er sidbud Bty Chl | er =1. 0;  fiend: ACTI ON funct i diohuenme-SEr  { }

/1 begin: EXEE.EENRPion //end: EXIT function cont =FAlSf e quuask| 1 .

] . next St at etk gokd statel ; } //begin: task2 void te}s OSEANRARL. st ati ¢

lude

coot - FAL Skicluds “tasks.h
#include "milliclk.h" Jelse{
Iroagin: scheduler infollfiHHTHITTIITITTIIIIHII {run background task
#define NUM_TASKS 6 if (numBG>0) {
#define STACK_MAX 2*"NUM_TASKS
struct taskStruct task{NUM_TASKS]=(
I"Tsamp timeleft nextState priority timeSincelLast*/

stackindex-~;

(*(task[bgQueue{bgindex]).nextState))();

{100, 0. task{bgQueuefbgindex]].timeSi =0;
taskOstate0, 5 s (%9 Il imeSinceLast = 0.
0 ) taskCount[bgQueue[bgindex]j++;
{200, 0, bgindex =
o taskistateD, 4 (bglndex==numBG-1) 7 0 : bgindex+1;
{250, o, : ke ) :
task2state0, 3 }
0 h shuldownScheduler(siartTime.passes.taskCoum.stacklndex);
{1. 0, shutdownTask();
task3state0, 2 return 0;
0 L }
o, 0, N U T
taskdstate0, 1 void filkQueues(int* {gQueue,int* numFG,int* bgQueue,int”
0 h numBaG,
{2000, 0, taskSstate0,
6 unsigned long * taskCount) {
0 } inti,p;
% int bg=0;
Hend: scheduler infollHHITIHTINHTHHTTHITIIIHITHIITTT int g=0;
int StopFlag=0; /load the Queues
int main(void){ for (i=0; i<NUM_TASKS; i++){
intdt; p=task[i].priority;
inti; if (p==0) {
int stack[STACK_MAX]; bgQueuelbg] = i;
int stackindex=EMPTY; ++;
int {gQueus{NUM_TASKS];
int bgQueue[NUM_TASKS}; Jelse{
int bgindex=0; fgQueuefp-1} =1;
int numFG; fg++;
int numBG; 1
unsigned long taskCount{NUM_TASKS); taskCount(i}=0;
unsigned long passes=0; }
unsigned long startTims; ‘numBG=bg;
filkQueues(fgQueue, &numFG, bgQueue, &numBG, *numFG=fg;
taskCount); return;
initializationTask(); }
startTime = 0; L T
SetupMiliClock(); void shutdownScheduler(unsigned long startTime, unsigned long
while (IStopFlag){ passes,
/lupdate time stuff unsigned long* taskCount, int
dt = MilliClock(0); stackindex)(
passes++; float elapsedTime;
for (i=0;i<NUM_TASKS;i++){ inth;
task[i).timeSinceLast += dt; char butfer[20];
startTime=0;
/ladd states to the stack in order of priority elapsedTime=(fioat)((clock()-startTime)/CLK_TCK);
if (stackindex >= STACK_MAX) {- switch (StopFlag)(
StopScheduling(STACK_STOP); case USER_STOP:
break; sprintf(buffer,"User Requested”); break;
} case STACK_STOP:
for(i=0:l<numFG;i++){ sprintf(buffer,"Task Stack Full); break;
task{igQueue(i]].timeLsft -= dt; case FILE_STOP:  sprinti(buffer,File

Error”); break;



it =FALSE cont =TRUE; //begin: ENTRY function //_end: ENTRY
:‘Em((:fiqg;} //%)f—:-gin: ACTI ON function //end: ACTION function If

(Conmi ni ti avoaedBs} //begin: EXIT function !/end: EXIT fug’fC:%I{U%Bw%'élt -
cont=FALSE;, task(2}.nextState - task2statel; } void task2 ! a
cont = FALSE; if (cont=FALSE){ cont-TRUE; //beg! n: !ENTRY funclt :jon-
txChar('S); txChar('E); WD 00/47933 19 p1xChar (' N ); FxChar} d?’ACTIC]\l
txChar (CR); [//end: ENTRY functi Io_rll_ ]/c/begl n: A_C]:I'I ON function //end:
function if (TRUE){ / EX unction i

(get HIVP230Rea<(1I| ngs(n@ﬂdﬁggﬂjﬁ“&%o ek Measur edfere IoAT 02

t =FALSE;
St opSchedubn ((IJ\/MQ§TOD) [lend: EXIT furmtwm LG AN _
tasrk)(Z] next %t at eP"D"( k’2’$’t‘a tedrearay; d t asgens ‘&2’69233 static cont =
FALSE; if (cont= e Sty ok '/beglf‘ﬁ"ﬂ BRI f unction Al

B\I' &val ue); ue, & oks):

Cl ear (Al _DEVI CE) ; 'f(ﬂptd" Al DEVlCE | 0
A VchaI e ( AL DEVRIGEYA W&ﬁ CRPRM 0. 0, vaI :}g‘ﬁﬁml Tsat Measured =

"" 1 ON function //end:
TSAT_SLOPEvofts +@n .\X’eng{:h ion // be 1000t
ACTI ON function :nﬁ:« G TRUE)" Nf“n ----/-&'-Eegl n: B} ,%mf,,md% /lend: EXIT

. ri s g task3 void
function ¢ OﬂiaﬁFﬁL% ni %TE TET 2].n e)é tState =t a’be?in o gt varslIIIIII/IlIII/IIllllglllllll///lIIIl/////IIllllll////
T r Avg Scha/fy #define AI_DEVIC|

t ask3st at eoo&s.sﬁ %sl‘e‘:d'?me 1 ((IIoat)passes+EPS)) #define Al CHAN 0
for (i=0;i<NUM_TASKS;i++){ #define Al_GAIN 1
printi("W\Task%d Avg Sample Time: #define TSAT_SLOPE 7.888
%8.30\n" i, #define TSAT_INT  .7.500
int value;.
elapsedT ime'1ODO/((ﬂoat)(taskCount[i])+EPS)); double voits;
{loat TairMeasured=0;
printf(\ttTasks Currently in Stack: float RHMeasured=0;
%d\n” stackindex+1); float TsatMeasured=0;

int Commlmnal‘zed—FALSE

)
LRI Iioegin: tasks3 globat vars/HIHIHHHHIHITTTITIIIITTITT

void StopScheduling(int stopType){ int QutputHeater=0;
StopFlag=stopType; float EnableHeater-o
} fioat TimerHeater=0;
float TimeOffHeater=0;
! fioat PenodHeater=400
File: Tasks.c I/begin: task4 global NarsiHTHHIT O
int OutputChilier=0;
Bryan Wade float EnablaChiller=0;
Tasks Is the file where tasks are entered for Sched. Tasks are float TimerChiller=0;
in the form float TimeO#Chiller=0;
of state transition bogic. Each state is a function which contains fioat PeriodChiller=400;
ENTRY, l/oegin: task5 global NarslITTIHTTHITH T
ACTION and EXIT sections along with other info for the #define MAX_DATA_COUNT 2000
scheduler. Any datawhich needs to be shared between tasks is fioat CollectData=0;
defined as a global variable. int DataCount=0;
TaskO - User Interface float Data'rime-o
Task1 - Control Algorithm float Data1[MAX_DATA_COUNT];
Task2 - Read Sensors float Data2[MAX_DATA_COUNT];
Task3 - Air Heater PWM float Data3[MAX_DATA_COUNT];
Task4 - Water Chiller PWM fioat Datad{MAX_DATA, _COUNT]J;
Tasks5 - Data Collection float DataS{MAX_DATA_COUNT];
/ float Data6[MAX_DATA_COUNT];
#include <stdio.h> float Data7{MAX_DATA, .COUNT];
#include <dos.h> iroegin: taskO global varsi/HHITIITTIHHTTTMHHITTTITTITITITT
#include <math.h> int escKeyHit=0;
#include "sched.h* #defineNUM_MSG 9
#include “tasks.h" struct ScreenMsg msg[NUM_MSG]=(
#include "Ipt_fo.h" { “Environmental Control Unit®, 22, 1},
#include "screen.h” { "OPERATING SETPOINTS", 4, 3},
#include “thc_fcns.h® { "CONTROL PAF!AMETEHS" 4, 74
I*The following 2 files contain code the National Instruments { "OUTPUT PARAMETERS", 4, 12},
data aquistion board. The files are oblained from National { “DATA COLLECTION", 4, 18},
Instruments.*/ { "SENSOR READINGS", 47, 3},
#include “nidaq.h" { “INTERMEDIATE VALUES®, 47, 8},
#linclude “nidaqens.h® { "OUTPUT VALUES®, 47, 16},
#define CR 0x0D { "PRESS [ESC] TO EXIT", 28, 25}
I/begin: task1 gbbal varsiTHTTTITTTHH TR %
#define KPTAIR #define NUM_IN 9
#define KITAIR 0015 struct Screeninputitem initem{NUM_| IN]={
#define KDTAIR 0.01 { “"TEMP Setpt", 4, .05, 0,
#define TAIR_ILIM .3 100, &TalrSetpom!),
#define KFHEAT1 0.048 { “RH Setpt", 5, .25, 0,
#define KFHEAT2 -0.341 100, &FIHSetpoim)
#define KFHEAT3 6.710 { “Zero Tdry", 1, 0,
fioat TairSetpoint=24; 100, &Taererolnt}.
fioat TairError=0; { *Zero Tsat", 9, 1. 4]
float TairEmorint=0; 100, &TsatZeroint},
tioat TairZerolnt =0; { “Enable H", 13, 1, 0, 1,
float TairErrorDeriv=0; &EnableHeater),
float TairErrorPrev=0; { "Enable C*, 14, 1, 0, 1,
fioat DutyHeaterPredlcled-O &EnabieChilier),
_ fioat DutyHeater=0; { “Period H", 16, 10, 10,

5000,
#define KPTSAT .45 &PerlodHeater},



it (cont==
Qut put'Heat er =0,

EXIT function cont=FALSE;
task3statel Q static cont = FALSE;
ENTRY functi on
Pi n2hl () ;

FALSE) (  cont =TRUE;

Qut put Heat er =1,
C", 17,

/ }end: EEBG T o My

t &Tﬁrsrm .SE:

/] begi n:

it (cont= FALSE)( cont =TRUE;

Ti mer Heat er =0; Ti neOHHeatl&r =Dut yHeat er Peri odHeat er ;
/1 end: ENTRY function } //begin: ACTION
function Tiper Heq,;er += (ftQat)task[ 3J.timeSi ncelLast;
function if (Ti ek
function

ENTRY function Pin2loGQ
[/ end: ENTRY function //begin: ACTION function f|I f—:-nd;j
ACTI ON f ungig st (Enabl eHeater-1.){ //begin' EXIT functi en

W0 fikrods task[ 3] . nextstate = task3stat el 8&/@?@

/03671

[/ end: ACTI ON

aber >Ti e PHeat®P &8 Duty F@&f@?‘}'ﬂﬁo“@ﬁmﬁ’iﬁﬁwin EXI T
% on “cont®FALSE;

t ask3st at el E I:CT/ usoa 0367 } //begl n:
cont =FALSE; s Gashinghiod !?fetn[ﬁs A
('Ti mer Heat ef >T| !
EXIT functi ém cgﬁtmﬁ;&&-ﬁ m
task3state2¢) ( st i SE
ENTRY functﬁon Psagrg&m uﬂm Skedr =0:
ACTI ON function T
function if%(Ti

t ask[ 3] . next St at e=

EXI T f uncCtaidbenl g EXET f unct | on
= task3st at e?"s"vfﬂ"&v)gelgw lemmtswm)) (} 1}

orrrev x

#er<1.){ //b&g TrchrdR Gl | | €nd:

3] next St af,&ex f‘g%ﬁ%ﬁ m@@mm .
if (cont FAL Cont redighdoipur/ / / egi n:
! ket R AR tann | / begi n:

e Lot “;Edﬁt?s;"”t ask[ 3] .11 @giw(ﬂgﬁlfa%;mmmwd ACTI ON

Q.IL> GTU eater && Dut y|_|ea 1.) DutyHeater=1.;
"C Duty",18,NULL,  &DutyChiller},
{ *Data Count®,20, &DataCount, I SAT TEMPERATURE CONTROL: PIDw/ EF /if
NULL) I'Determine Tsat
% Setpoint */ :
Ioegin: task0 states/IIITTHTIHIIHTIIHITITINIIIN TsatSetpoint =

void taskOstateO(){ static cont= FALSE;
If (cont==FALSE){
cont=TRUE;
I/begin: ENTRY function
SetupScreen(msg,NUM_MSG,
initer NUM_IN, outitern, NUM_OUT,

&escKeyHit, NULL);
//end: ENTRY function

}

lfbegin: ACTION function

DoScreeninput();

DoScreenOutput();

{lend: ACTION function

if (escKeyHit){
{Mbegin: EXIT function
StopScheduling(USER_STOP);
/lend: EXIT function
cont=FALSE;
task{0}.nextState = taskOstate0;

}
if (IComminitialized){
I/begin: EXIT function
StopScheduling(COMM_STOP);
/end: EXIT FUNCTION
cont=FALSE;
task{0].nextState = taskOstate0;
}

}
{vegin: task1 states////1 TN
void task1state0(){ static cont = FALSE;

if {cont==FALSE}{

cont=TRUE;

//begin: ENTRY function

//fend: ENTRY function

}
Iibegin: ACTION function
llerd: ACTION function
if (Comminitialized){
//begin: EXIT function
lfend: EXIT function
cont=FALSE;
task[1).nextState = task1state1;
}

}

void taskistate 1(){ static cont = FALSE;
if (cont==FALSE){
cont=TRUE;
//begin: ENTRY function
/lend: ENTRY function

}
Ifbegin: ACTION function
/Il DRY BULB TEMPERATURE CONTROL: PIDw/

FFl/
I*'Compute P term */
TairError = TairSetpoint-TairMeasured;
"Compute | term*/
TairErrorint +=

TairError'(ﬁoat)(taskn].ﬂmeSinceLast)/wOO;

Tsat_steamTable(RHSetpoint/100.*Psat _steamTable(TairSetpoi
nt+273.16))-273.16;
I"Compute P term
'I .
TsatError = TsatSetpoint - TsatMeasured;
I’Compute | term
Vi
TsatErrorint +=
TsatError*(float)(task[1].timeSincelast)/1000;
if (TsaZerolnt || fabs(TsatError)>TSAT_ILIM){
TsatErrorint=0.;
}

I"Compute D term
!
TsatErrorDeriv = (TsatError -
TsatErrorPrev)/((float)(task[1].timeSinceLast)/1000);
TsatErrorPrev = TsatError;
['Compute
Feedforward */
DutyChillerPredicted = KFCHILL1*TsatSetpoint +
KFCHILL2;

I"Compute Output

DutyChiller = KPTSATTsatError +
KITSAT TsatErrorint + KDTSAT TsatErrorDeriv
+ DutyChiflerPredicted;
if (DutyChiller<0) DutyChiller=0.;
else if (DutyChiller>1.) DutyChiller=1.0;
/lend: ACTION function
if (FALSE)
{

*

libegin: EXIT function

flend: EXIT function

cont=FALSE;

task[1].nextState = taskistatet;
}

}
Hoegin: task2 states/ I
void task2state0(){ static cont = FALSE;
it (cont==FALSE){
cont=TRUE;
Ifoegin: ENTRY function
flend: ENTRY function

}
Ifbegin: ACTION function
Hlend: ACTION function
if (Comminitialized){
/begin; EXIT function
Hend: EXIT function
cont=FALSE;
task{2].nextState = task2state1;
}

}
void task2state 1(){ static cont = FALSE;
it (cont==FALSE){
cont=TRUE;
Iibegin: ENTRY function
Char('S’);
txChar('E);

/] begi n:



i ion ; i = ; k[ 3] . next St ate
J n: | T function //end: EXIT function cont=FALSE, tas

/:l ?:glk&gst zEX : I f (TimerHeater>PeriodHeater && DutyHeater>o0)( } //begin:
EXI T funct VOA? 77}’%d EXIT function cont=FALSE, task(3]. negtBsei@en

k3st at el ; /I begin: task4 _
.Fs?:tgzl'/////}//I/II?II/III/IIII/IIIIIII /III/I/II///II///IIIIIIE-v0|d
t ask4stat eO0Ot static cont = FALSE;, if (cd t==FALSE){ } } f:unt —TRUf, Con
//'begin: ENTRY function Pin3lo0; QutputChiller=0; //end: ENTRY Enclz
/I I'begin: ACTI ON funct pem:./ / end: ACTI ON function, H (EnableChiller ){ }
/1begin: EXIT functi oacﬁar@,end EXIT function commﬁ%s:lﬁeomwe;a&ouweaa_em X LSE:
t ask[ 41. next Stat e = t &xkBgeHned; voi d task4s'|t?$t]§| (%(/,e Egs%mfrgﬂetrtgh I_erFAO ,
[ ==FALSE AcamhrbiRUE;  // begi n: ENT unct i om .
ITT m(sg‘o?z:hl || er-) ﬁ IOPEU'F‘F'EH odChiller, Pin3hig outBiHeRreivspste. [/ eng:
ENTRY function //begi negmAﬁI?dnm function Ti mer Chi '[@fb'?“ey%f)gmmm
(float)t aSk(géﬂfﬁPiaﬁﬂEﬁaﬁl(gﬁ%Ls@éhanMeJJ:e%%ﬁl | f\grLO]\-l ; l('ln;:; Ibg%’ E%%mﬂon uncti on

Ti mer Chi | er>T {si%ne .

§I Iegg EXI T fungtg? on ) CONt=FRESE: * task(4].pextState = taskastacel; |f
(rimerChille >TimeCk f i Plénigg Dut yChi Uer <wbiahdasaes &G radeX! T functi on
/[lend: EXIT function wgaa staENas&Eaea t ask(4] . next St(mtfﬂﬁ);:%k%tat e>2<I TV\D
00/ 47933 i f}(EnabI eChiiler<l){ } //begin: EXIT functimgnendv@Rids E

Pin2io();
2@ Ftatic cont = FALSE; OutputHeater=0;
function cofies if (cont==FALSE){ llend: ENTRY function
cont=TRUE; }
{/begin: ENTRY function /lbegin: ACTION function
Al_Clear(At_DEVICE); TimerHeater+= (fioat)task[3].timeSinceLast;
Hlend:  ACTION tunction
Al_Read(Al_DEVICE Al_CHAN AI_GAIN,value); if (TimerHeater>PeriodHeater &8 DutyHeatar<=0)(
Ifbegin: EXIT function
Al_VScale(Al_DEVICE,AI_CHAN,AI_GAIN,1,0.0,val Hlend: EXIT function
ue,&volts); cont=FALSE;
TsatMeasured = TSAT_SLOPE"volts + task[3].nextState = task3state2;
TSAT_INT;
/lend: ENTRY function if (TimerHeater>PeriodHeater && DutyHeatsr>0){
} Ibegin: EXIT function
/fbegin: ACTION function llend: EXIT function
llend: ACTION function cont=FALSE;
if (TRUE){ task{3].nextState = task3state1;
{lbegin: EXIT function }
llend: EXIT function }
cont=FALSE; Hoegin: taska states I
task[2].nextState = task2state1; void task4state0(){ static cont = FALSE;
} it (cont==FALSE){
cont=TRUE;
#foegin: task3 states/IiHHITTMHHITTIIHITIHIITHITTIITIT {/begin: ENTRY function
void task3state0(){ static cont = FALSE; Pin3lo();
if (cont==FALSE){ QutputChilier=0;
cont=TRUE; llend: ENTRY function
{lbegin: ENTRY function }
Pin2lo(); //oegin: ACTION function
OutputHeater=0; Hlend: ACTION function
Nlend: ENTRY function if (EnableChiller==1.){
} ) {fbegin: EXIT function
/ibegin: ACTION function llend: EXIT function
llend: ACTION function cont=FALSE;
it (EnableHeater.J ) task[4].nextState = taskdstate1;
{fosgin: EXIT function }
Hlend: EXIT function }
cont=FALSE; void taskdstate1(){ static cont = FALSE;
task[3].nextState = task3state1; if (cont==FALSE){
} contsTRUE;
Ilbegin: ENTRY function
void task3state1(){ static cont = FALSE; TimerChiller=0;
if (cont==FALSE){ TlmaOﬁChnIlehDutyChlBer'Pedehtller.
cont=TRUE; ’ Pin3hi();
/lbegin: ENTRY function OutputChiller=1;
TimerHeater=0; llend: ENTRY function
}
TumeOﬂHeater-DutyHeater'PerlodHeater. Ifbegin: ACTION function
Pin2hi(); TimerChiller+= (ﬂoat)task(4] timeSinceLast;
OutputHeater=1; /lend: ACTION
/lend: ENTRY function i (TlmetChvlleoTlmeOﬁChlller && DutyChiller>=1.){
} Iibegin: EXIT function
/lbegin: ACTION function Hlend: EXIT function
TimerHeater+= (float)task[3].timeSincetast; cont=FALSE;
llend: ACTION function task(4].nextState = taskdstate1;
if (TimerHeater>TimeOfiHeater && )
DutyHeater>=1.)( if (TimerChiller>TimeOffChiller && DutyChiller<1.){
{/begin: EXIT function /Mbegin: EXIT function
Hlend: EXIT function llend: EXIT function
cont=FALSE; cont=FALSE;
task[3].nextState = task3state1;

task{4].nextState = taskdstate2;



41.nextState = task4stateO; } void task4state2(){ static cent =
Liﬁgl[f if (cont==FALSE) ( cont=TRUE; //begin: ENTRY function Pin3loQ
Qut put Chi | Wext8@7933/ | end: ENTRY function } //begin: ACTION li?‘ﬁﬁdofafkn. f
Ti mer Chi | ' er+= (float)task[4j.tineSinceLast; //end: ACTION function i
(TimerChiller>PeriodChiler &% DutyChill eé<:0)( } //begin: EXIT funf:t! on
/1end: EXIT function cont=FALSE; task| ? nextState = task4state2; it
(TimerChiller>PeriodChiller & DutyCtuller>0)[ } //begin: EXIT function

/[lend: EXIT func};(isnobrgCh_“e(r:%Pt =FALSE; task[4J. next S}”:g}%nﬁgz-gd:;ﬂgék4statel ,
//begin: tasks "EreeEs . iaizs _
statgslIIIIIIIIIII/!I%giglngxanfﬁ’:m:‘lllI/IIIIIIIIIIIIIZfEﬁﬁ_ﬁ;V“,@;);IIII/III voi d _
t askbstat eoQ static fﬁéﬁ'ﬁtﬁ%&mg‘;o if (cont ==FALA g&éscrmont =TRUE; //begin:
ENTRY functjon DataCount=0 //end: ENTRY fu.n'chtl o } //begin: ACTION
function Deta®euabiakon/rend: ACTI ON funct 74 iy H;EW”W//@GQ//W//WTFRUE){ }
/Ibegin: EXIT fuHetT&Elsfend: EXIT function comi=FALSE;

L . . . ¢ =
task[ S]. next State - taskssketnab; } void taskSst%‘Fé"l f static cont : .
FALSI[E; ] it (cont ::FAL% %m,,eggnt =TRUE; //,beg! n: EI_SEERM@MMCU on Dat aTi ne-0;
/1end: ENTRY functi orvef/ BagiinaenACTI ON functi on CHERTI me+= .
(float) (task(5) .kui;gm&ionﬁﬁkeast)/ 1000.; If (Dat a%m}( I)?ATA_CClJ ) ( }
Dat at [ Dat aCount Jmeioper=Toateska imnteme{ Dat aCoUNt | =T a8 MEretlhtin s

1

: Rehildsi ouydamtag [ Dat aCount ]fﬁu %Mﬁ%ﬁ%%ﬁm * Data1(ix],Data
asur ed,

Dat a3 Dat aCount ] risetchilees _ .
Dat a5[ Dat aCount j =Tsat 38 gffi fyiien  Dat a6[ Dat aCoumidu
Data4[ix].Data5[ix],Data6[ix].Data7(ix]);

cont=FALSE;
task[4).nextState = task4state2;

fclose(fp);
it (TimerChiller>PeriodChilier && DutyChiller>0){
{/begin: EXIT function
Hlend: EXIT function 7
cont=FALSE; File: Screen.c

taski4}.nextState = task4state1;
}

}
Iroegin: task5 states//IHHTHTHITHHITTHHITTTHITHITTHTTT
void taskSstate0(){ static cont = FALSE;

it (cont==FALSE){

Bryan Wade
Creates a simple text ul for real-time systems. The interface
entities are 1) static messages (e.g. a title), 2) outputs with
{abels,

3) inputs with labels (increment/decrement by user-defined

cont=TRUE; amount), and 4)

/begin: ENTRY function access to the ESC key.

DataCount=0; Use:

/lend: ENTRY function 1)#include "screen.h"
} 2)define struct arrays: ScreenMsg[],Screenitem(] (inputs)
libegin: ACTION function Screenitem(] (cutputs)

DataCount=0;

Jlend: ACTION function

if (CollectData==TRUE){
//begin: EXIT function
/lend: EXIT function

3jvoid SetupScreen(struct ScreenMsg” msg, int numMsgs, struct
Screeninputitem input,

int numinputs, struct ScreenOutputitem®
output, int numOutpus, int* ESC_flag);
4)void DoScreeninputs(); -

cont=FALSE; process keyboard buffer for input commands
task{5).nextState = taskSstatet; 5)void DoScreenOutputs();
updates outputs (one output per call)
} /
void taskSstate1(){ static cont = FALSE; #include <conio.h>
if (cont==FALSE){ #include <stdio.h>
cont=TRUE; #include "screen.h”
//begin: ENTRY function static struct ScreenMsg* msg;
DataTime=0;

/lend: ENTRY function

}

Ifbegin: ACTION function

DataTime+= (float)(task{5}.timeSinceLast)/1000.;
if (DataCount<MAX_DATA_COUNT) {

static int maxMsgindex;

static struct Scresninputitem® inltem;
static int maxInputindex;

static struct ScreenOutputitem* outitem;
static int maxOutputindex;

static int* escFlag;

Datat{DataCount]=DataTime; static int* spaceFiag;
Data2[DataCount}=TairMeasured; IR T T
Data3[DataCount}=TairSetpoint; void DoScreeninput(){
Data4[DataCount]=TsatMeasured; intc;
DataS[DataCount}=TsatSetpoint; static int index=0;
Data6[DataCount}=RHMeasured; while(kbhit()){

Data7[DataCount++}=RHSetpoint;

}
/lend: ACTION function
it (CollectData==FALSE){
//begin: EXIT function
llend: EXIT function
cont=FALSE;
task[5].nextState = taskSstate0;

}
Hoegin: initializationTask/HIHHTHITHIIITHIHTTHIHIIITIT
void initializationTask() {
[finitialize serial comm
initCommunications();

¢ = getch();
switch (c){
case UP:

goboxy(lNPUT.CUHS_COL.InItem[Index].pos);
printi(* *);
index = (index ==0)? maxinputindex : index-1;
gotoxy(INPUT_CURS_COL inltem{index).pos);
Printi(">");



t a7( Dat aCount ++) . RHSet potnt; //end: ACTION function if _
EpColef:tData FALS)E)( } /}Obegln EXIT function //end: EXIT function
cont =FALSEWO QU45RI35] . next State = task5stateO; } //begin: mOIUS00/03671
initializationTask() ( //initiatze serial conm initConmmunicationsQ
-PCT/ USOCO' 03671 20 } Comm nitialized= TRUE2 [linitialize DAO
USE E Series Al(); Al _dear(ALDEVICE); Y/initialize Screen clrscrQ
/I begin: shutdownTask/ [/ /1111111 II0TIIIITITI0 00000000 ii i1
voi d shutdownTaskg%{ int ix; FILE fp; //Set all oy, ﬁlxlnsQ(We Pi n2l 0Q
Pi n31 0Q /IWit&ata to Llb&yn: f P=f Open("dat a. t xr, wtmif( s migipexty:( | X=0;

i x<Dat aCount ; "Of |t % 1t %At 93&4@.%@ tkAt%din' ,Data 1
fix), Data 2[i xf°‘°%32§‘ ‘”é{'gs 1°“""tﬁ’f’§’ % x] , Dat a5( i x]* Bttt Bt a7[i x] ) : )
fclose(fp); / print(* °); gotoxy(INPUT_NAME _COLinltemiilpos)
................ index =, (i0dex ==maxinpulindex)? 0.: NJBXHE; - « « « « « « « + o o . o . . . .oANC%Sinlteml] name); File:

gotoxy(INPUT_VALU_COL, mitam[u]‘pos).l_h

Screen. c Bryan e &SnBmisl ARl € text ui for I € ahini(ber ABNENIS RN
interface enti Y\léogg(m;re 1) smla wlﬁcxnpn)essages (e. g atitle), 2) outputs with

| abel's, 3) input&W%h Iabels (increment/decr e eI : OLdm%IblmEi

armunt) and 4) #&eess to the ESC key. Use: i) msdme screen. h" 2)define
struct arrays: ScreenMsg gcr genl t enf (| nput s) 'S(‘f?éwwme’f'ﬂ(out put s)

3)vol d SetupScre A "‘Nﬁ:%" i Nt NUNAVBGSBITPUS NAMELC L outitemil pos): _
S)cr eenl nput Pt em ﬁﬂ%’%%dﬂﬁﬁ @Fﬁ.ﬁf ot st ruct Scr eenoﬁ”ﬁtfff"f“@’ﬁh"‘““@ut put, int
nunmOut pus,  kaikincedFmts_ fl"%ia')"""“&fj"ﬂ%’@l d DoScr eenl nput s boeed buf f er

outite Ptrl-N
ma S u dat es péu Ag. out put
for i nput co " ,r,]go%)xy(mé T_wAludCOL[,)ugteSrn([:-n';ee)q%og).OJt put Q P t(oa RS P

per call) ... " 0 LT T T s I S——
. printi(*%7.2f *,*(inltemfindex].address)); }
}
break; 7
case RIGHT: File: The_fens.c
*(inltem{index].address)+=initem{index].delta; Bryan
if (*(inltem{index}.address) > initem(index).max){ Wade
This file contains functions for the DCCC controller.
*(initem|index}.address) = This includes the steam table equations and routines for
inltem({index].max;} communicating with
gotoxy(INPUT_VALU, COL.mhem[index] pos); the HMP230 sensor.
()
printi(*%7.2f *°,*(intem[index).address)); #include “thc_fens.h®
#include <math.h>
break; #include "bios.h®
case ESC: #include  «<string.h>
#define COM 0 //0=COM1, 1=COM2
_ “escFlag=1; #tdefine TRUE 1
#define FALSE O
break; #idefine CR 0x0D
case SPACE: #define NUL O
#define READY_TO_WRITE 0x2000
*spaceFlag=1; #define DATA_READY 0x100

I"The following equations are based on matarial in the text:

break; _Steam and Gas Tables with Computer Control_, Irvine and
} Liley, 1984.
} *
} fioat
g Tsat_steamTable(float P){
void DoScreenOutput(){ const doubla A = .426877662;
static int index=0; const double B = -.389270e4;
gotoxy(OUTPUT_VALU_COL..outitem[index).pos); const double C = -.94865e1;
it (outitem(index].iPri=NULL)
printf(*%d  *,*(outitemfindex].iPtr)); return A + B/(log(P) + C);
else }
printf("%7.2t **(outitem{index].fPtr)); tioat
index = (index<maxOutputindex) ? index + 1: 0; Psat_steamTable(float T){
} const float A0 = .104592e2;
U const float A1 = -.404897e-2;
void SetupScreen(struct ScreenMsg® m, int nm, struct const float A2 = -.417520e-4;
Screeninputitem® ii,int ni, const float A3 = .368510e-6;
const float A4 = -.101520e-8;
struct ScreenOutputitem” ol,int no, int” e, int* spe){ const float A5 = .865310e-12;
inti; const float AS = .903668e-15;
{/set the global ptrs const float A7 = -,199690e-17;
msg=m; const fioat A8 = .779287e-21;
maxMsgindex = nm-1; const float A9 = .191482e-24;
inltemn=ii; const float A10= -.396806e4;
maxinputindex=ni-1; . const float A11= ,395735¢2;
outltem=0i; return
maxOutputindex=no-1; xp(AG+AT*T+A2"pow(T,2.)+A3"pow(T,3.)+A4" pow(T 4.)+A5°po
escFlag = e; w(T.5.)+

spaceFlag = spc; Ae'pow('r 6.)+A7"pow(T,7.)}+AB*pow(T ,8.)+A9"pow(T
//setup messages 9.)+A10/(T-A11) )
for (i=0; icemaxMsglndex; H+){ }



#j ncl ude <conl o. h> #include <stdio. h>
ScreenNGg neg; static int maxMsgl ndex;
inltem sSW&@0&#7933t nax| nput i ndex;
static int maxQutputindex; static inr escFIag, static int space
DoScreenl nputQ( int c; static int
swtch (c){ case UP. gotoxy(Il NPUT_CURS
i ndex = (index =0)? naxlnputlndex :
CURS _ CCL i nkegen( i ndexJ. pos); printf('>);

got oxy( | NPUT""@’DF?&T%}E‘”&,@L; enf i ndexj . pos) ;

i ndex-1;
WO 00/ 67933 21 br eak' case DOMN:

#include 'screen. h" static struct
static struct Screeninpulitem

static struct ScreenCut py@},bg@ogwli tem

ag; void
whi l e(kbhltO ( c¢ = getcho;

,Inltenfindex].pos); printf(");

got oxy( | NPUT

print gufi=kg; i ndex = (index

=max| nput | ndex) ?<@¢n, bhfnmiex+l got oxy( | NPUT QL,{RS I telPidhdexJ. pos) ;

printf(">"); bre%?ﬂ%‘l f{%& i?:ilﬁ% a_omsrom

|t d’@% NO nI te
((I(Innl tegin{ Pndei]?ms "a'm lge gtoﬁr

ndex] def i-’ulaMlmciklcf _
?ndex] mn)( ' (inltenfindexj.addr ess) =

i nltentindeyl,m f’f“}‘”giﬁt"‘é‘??@ﬂeNMmVAqu CaL, i wi&ds enfindex].pos); prinf¥ % 2f

(i

("(inltenfindexd. addre@s&v.> i nitenfindex].
I(I

printf(’o%.2f "; (inl ke m_g'xdl) address));
' spaceFl ag=1; break; ch=rxChar();
/I/I/IIIIII/III/IIIIIIIIII; mz)

voi d DoScreenCut put () stat e

got oxy(CUI'PLJIQE,;gAIR@,é_ X 6T &f"é'ﬁﬁ hdex) pos)

el se } )

char
xChar(void){
char ch;
unsigned int status;

status = _bios_serialcom(_COM_STATUS, COM

o)
if (status & DATA_READY){
ch=0x7f &
-bios_serialcom(_COM_RECEIVE, COM, 0);
return(ch);

}
return(NUL);
}

void
. txChar(char ch){
unsigned int status;
fwait

status = READY_TO_WRITE & _bios_serialcom(

~COM_STATUS, COM, 0 );

while ( status != READY_TO_WRITE && 0){
status = READY_TO_WRITE &

~bios_serialcom (_COM_STATUS, COM, 0);

lisend char

_bios_serialcom({ _COM_SEND, COM, ¢h );

)
int
getHMP230Readings(fioat *rh, float *t) {
char ch, buf[10};
unsigned int ix=0,tries;
for (ix=0tries=0; ix<6;) {
ch=rxChar();
if (chi=NUL) {
buffix++)=ch;

}

if (++tries>40000) {
xChar(CR);
return 0;

}

}

buf{ix}=NUL;

if (buf[3] == "."} *rh= atof(buf);

else
feturn 0;

for (ix=0,tries=0; ix<5;) {
ch=rxChar();
if (chi=NUL) {

buffix++}=ch;

}

it (++tries>40000) {
txChar(CR);
return 0;

}

", (inltenfindexreemhs-e8SEansrag=lkRHK ;
nl tenfindex] . addr e¥&3®¥i ni t en(i ndex] . del vsa

nl t enf i ndex] . addr e&&arns; got oxy (| NPUT VALU°%¢ X ndem:)ﬁ

s the timer interrupt to maintaina 1 ms
c!o

I
Jﬂilﬁl@ nLlL Ja %Pﬁlﬂf sLts clock
st Bjaﬁ@&ts

{ms

4) H(0); -

o1 111 he/i"-ﬁ:?»"}’l‘i?"-fanai“i"?u i |'TST‘T'T°1’”F‘)°P‘?‘°1 T
dex=0;

#indude <dos.h>
@@udt enf i ndex] . JPtr I =NULL)
vold mler (*old_vect)();
static int count;
static int milliCount;
static int running=0;
TSI
void SetupMilliClock(){
if (frunning) {
miliCount = 0;
old_vect=getvect(CK_VECT);
disable();
setvect(CK_VECT, timer_ISR);
setalarm(1.0);
enable();
running=1,;

).

}
R
int ShutdownMilliClock(){
if (running){
disable();
setalarm(0.0)./*set back to DOS default*/
setvect{CK_VECT,old_vect);
enable();
running=0;

return(1);

T R
int MilliClock(int flag){

int temp = milliCount;;

if (flag==0) miliCount = 0;
return temp;

} )
T
void interrupt timer_ISR(void){

I manipulate floating point processor stack*/
asm sub SP,94

asm mov BP,SP

asm fsave[BP)

asm fwait

miliCount++;

Isend EOI*/

outport(0x20,0x60);

F*manipulats floating point processor stack®/
asm mov BP,SP

asm frstor{BP}

asm add SP,94

asm fwait

}

TR i

int setalarm (double ms){

if({ms>0.0) && (ms<=MAX_MS)){
count=(CLOCKFREQ"ms) / 1000.0 + 0.5;
outportb(TIMER_CTL, 0x36);

outportb(TIMER, count&0xFF);
outportb(TIMER, (count>>8)&0xFF);



/] setup

rintf('%l '; (outltenfindex r)y), print((.%.2f _
P ' (out |(terr[| ndf—:-x] fPtpg); I]nde = (I ndex<maxCQut puti ndex) ? index + 1: O;
L0 1 1 1 [WOPOM3 11 1 1 L Il L LI U | / feleThusbosézeds |/
i/ v/ b1/ /1 /1 /1 171 void SetupScreen(struct
ScreenMsg- m Int nm struct Screenl nputé tem hint ni, struct
ScreenQutputltem oi,int no, int' e int"™ spc)( int i; //set the global
ptrs msg=m maxMsglndex = nm1; initenmsiii; maxl|nputindex=ni-1,
out| tem=oi ; rraxoimlmswwxdex no-1, escFlag = e; ushageFl ag = spc;
messages for (ice; ics 1S hait) ( PCT/ USO@MO@@S%&)O}

got oxy( neg[ |‘L S)&DWQ%&GX

| <=maxi1 npu

(i =0;
printf (' %",

pri ntf(' . 2r. 3
)5y 1] sETUPTBIEsHts for (1=0;

printf('>")
got oxy( OUTPU]
got oxy( QUTP
pr| ntf ("%

Thc _fcns.c vsa*xxwmss JsJa,L

Bryan This |smylmls|

comuni cat i

#i ncl ude' t hc anSwt
<string. h> #define CO\/I 0 //0=COML,

éﬁ]‘ft{ qunt-bds"&(wr got oxy
| t
o (hinl It]e Q‘im'?ia'“’

ss));
CC]'_""O’UT‘I"!’. en.t..‘..]..mp.os

P

b6 .&%&gg{;?m@

e @
Va1 i kﬁ"éfoHNPZBO sensor .

void P."‘?h'.()( ........................... void.taskistate1{);.

0x01;

AsBG balds)e;, <mat h. h>

Byte

dataByte &= OxFE;

outportb(BASE+0,dataByte);
void Pin3hi(){
dataByte |= 0x02;
outporib(BASE+0,dataByte);
)
void Pin3lo{){
dataByte &= OxFD;
outporthb(BASE+0,dataByte);
}
void Pindhi(){
dataByte |= 0x04;
outportb(BASE+0,dataByte);
}
void Pindlo(){
dataByte &= OxFB;
outporth(BASE+0,dataByte);
}
void PinSlo(){ //inverted
dataByte |= 0x08;
outportb(BASE+0,dataByte);
}
void Pin5hi(){ //inverted
dataByte &= OxF7;
outportb(BASE+0,dataByte);
}
void PinBhi(){
dataByte |= 0x10;
outporth(BASE+0,dataByte);
)
void Pinslo{){
dataByte &= OxEF;
outportb(BASE+0,.dataByte);
}
int ShutdownLPT(){
outporth(BASE+0,0x00);
return(1);
4
File: Sched.h*

/

Iivegin: sched defines/IIHTITHIHITHITTTHTTHIIIHMIIIITIN
#define EMPTY -1
#define EPS 1e-9
#define USER_STOP 1
#define STACK_STOP 2
#deline FILE_STOP 3
#define STEPPING_STOP 4
#define COMM_STOP 5
struct taskStruct{

int Tsamp;

tpygomMERpr i nt fNT( 73

Fﬂe Tasks!

ynct io n'S"'f"OT""t'he"--c-eﬁ{ 0@

quat i ofEeaBueE It i nes for

#i ncl

/ltask1 state prototypes
void task1state0(); //go on
liprocess contrel algorithm

#lncludé

void task2state2(); //read Tsat

/ltask3 state prototypes

void task3state0(); //heater output disabled
void task3state1(); //heater PWM hi

void task3state2(); //heater PWM lo
Itask4 state prototypes

void task4state0(); //Chilier output disabled
void taskdstate1(); //Chiller PWM hi

void task4state2(); //Chilier PWM lo
IitaskS state prototypes

void taskSstate0(); //Don't collect data

void taskSstate1(); //Collect data
/initaizationTask prototype

void initializationTask(void);
/ishutdownTask prototype

void shutdownTask(void);

Jlend: state prototyping////IiIHIIII

I/lbegin: Tasks module defines

extern struct taskStruct task(];
#define FALSE 0
#define TRUE 1
#define HUGE 1.0e9
'
File Screen.h
'l
#define UP ‘8
#define DOWN 2
#define LEFT 4
#define RIGHT 6’
#define ESC Ox1b
#define SPACE **

#define INPUT_NAME_COL 6

#define INPUT_CURS_COL 5

#idefine INPUT_VALU_COL 18

#define OUTPUT_NAME_COL 49

#define OUTPUT_VALU_COL 61

void DoScreeninput(void);

void DoScreenOutput(void);

void SetupScreen(struct ScreenMsg®.int, struct
Screeninputitem®,int,

struct ScreenOutputitem” int,int* int");
struct Screeninputitem {
char name(12};
intpos;
fioat detta;
fioat min;
float max;
fioat® address;
%
struct ScreenOutputitem {
char name{12);
int pos;

m;g[ ].t ff;)s.meLAsé setup inputs for
oLy N Nt L Mmm i
2 got oxy "™¥PUT CURS_COL, i nl ten{ 0] . pos);
| <=maxQut in‘ldlﬂdeéél;Couht)""")(
):  pris oG LI BT et e

e
| =COMR #d@ﬁmsﬁg)%‘mﬁeslﬁr#daﬁ 4@ B ALSE O

nt St .m ow el se t!t!mtte um&t.shﬂtdcxi =NULL)
' ;;aV;t &J %ﬂT:I%‘]k:gFquééisieﬁé?g:)'m nt f ( "/J"“?J""i?‘m‘g""' ‘6"&? PteniJ.fPIr) )F ; | }
et a ............................ 11 e:



#define CR OxOD #define NUL O #define READY TO WRITE 0x2000 #define
DATA READY 0x100 PThe fol | ow ng equations are based on material in the text
_St eam and wW@80/4@k3 €es with Conputer ControlL, Irvine and U tep% 1984 fI oat

Tsat _steantTabl e(float P){ const double A = .426776e2; cons ET
.389270e4; const double C = -.94865el; return A + B/ (log(P) + C), float
Psat steamTabI e(float T){ const float AO24 104592e2; const float At =
.404897e.2; const float A2 - -.417520e-4; const float AS ..3685109-6-.
const float A4 =,7,101520e-8; const float AS = .865310e-12; const fl oat
AS - 9036680 15; wargonst float A7 = -.199690e- 17y const float AS =
. 779287e- 21,s,,uc,g&gg,s,;g(float A9 = .1 91482e 24:) qonst float Al 0= -.398808e4,;
const float At 1=har1388735e2; return exp(AO+KT Wﬁmr 2.) +A3' pow i
, 3. ) +Ad-pow(r. 4.) +A5- po w(T, S. )+
A8' pow( T, 6.) +A7' powm( T, 7. ) +A8' pow( T, 8. ) +A9' powm( T ,9.)+A10/(T-Al1l) ); WO
00/ 47933 22 void initCommunications(void)( int init_data, doneFlag; char
ch, buf[10]; wunsigned int ix=0,tries; init_data = (_COM CHRB COM STOP1 )
_COM NOPARITY ) _COM 9600); at first) bios_serialcom_ COMIN T, COM
init_data ); //Repeat request until get a good response //(Some tines
HVP230 takes a couple tries to work for (doneFl ag=FALSE; doneFl ag=TRUE; )
txChar(CR); txChar('S); txChar('E); txChar('N); txCharCD);
txChar(CR); for (ix=0,tries=0Q ix<1l 1;) doneFlag=TRUE; } } char
rxChar (void){ 0);



}. ch= erharQ H (chl :NUL) but (i x++] =ch; If (++tries>20000) break; if (but
[3]="." && buf[3] =.") char ch; unsigned int status; status =

bi os_seri AYQEMTIEOM STATUS, COM if (status & DATA READY) Pcehussy@srl &
_bios_seriai comLCOM RECEI VE, COM 0): return(ch): return(NUL);: } void
thhar(char ch){ unsigned int status; /é it status = READY TOWRITE &
bi os_serial com COM STATUS, COM 0); while (status != READY TO WRI TE &&
0)( status - READY-TOWRITE & bios_serial com (_COM STATUS, COM 0):; }

int } //se%a:hgrmahh@@_serlal conm( _COM SEND, COM ch ); _ _
get HVP230Readi ngs(float float *Q char ch, but[10]; unsigned int

CharQ it (chi=NUL) {
Ibﬁf (()I E(Ertrfsc?]f O; AI (|! gén‘%%%@n’t f ajl%ﬁ%]'é?;( a; eturn O; }f }
= ; for
?:J;( Ioxlt r :\Igé 0; H. é‘ﬁ?“@fﬂx '%‘q”d"éﬁﬁ?@& 'f"?Hkacm ?{ nd'3 g B@ﬁf outiat, adlﬁUld} i t
(++tri es>40008)and x (iyaic (0Ret, whertinhe Gquib uﬂ@?é&#ﬁ%%&ﬁ@%o&&fﬁér Sbrifact
buf [ x] =NUL} media and the gas inlet admits gas below the contact media, and the liquid and
q

gas flow through the contact media such that the gas leaves through the gas
outlet in saturated state;

a heater;

a chiller;
a gas outlet line connecting the gas outlet to the heater;

a liquid outlet line connecting the liquid outlet to the chiller, wherein the

liquid flows in a closed loop through the liquid inlet, the contactor, the liquid outlet
and the chiller;

a first gas temperature sensor associated with the gas outlet line and
upstream of the heater;

a second gas temperature sensor associated with the gas outlet line and
downstream of the heater; and

a controller coupled to the first and second gas temperature sensors and
the heater, wherein the controller and adjusts the heater to deliver the gasata
desired temperature and relative humidity.

2. The system of claim 1, further comprising a sprinkier above the contact
media to distribute the liquid uniformly on the contact media, a pump located

between the chiller and the sprinkier to supply liquid to the sprinkler, and a gas
blower to supply gas to the gas inlet.



if (byl[2] =.") "t= atof(but); / _
MITlcik cWRA79 | iclk uses the timer interrupt to maintapoT@sdo/d3Br
resolution clock. Use: 1) #include "mIliclk.h" Bryan 2)void

Set upM WCI ock@Q sets up tinmer interrupt gnd resets clock to 0 3)Int

M 1UC ock(1); gets tine (nms) since |last “reset 4)int MIIliC ock(0); gets _
time (ns) since last reset & resets <clock to 0 5)vold ShutdovvnMIUCIock(),

resets integrupt I a l.u <dos
#i ncl ude ' Ergl |1 c-ll- K. v0|dg%[am‘ie2:’ ywetré{'ﬁ t“?hgggéb)%&h@'ﬁgl "&s e
static int smrinkleu:mniudes attleastconerarmwhhma MYuidlity of orifices alon the la 1}151

L /11111 I/I/I | /721070 e e/l

11T vor Pl Hetwpepataliel ad OpRasitis ihadop of 1hegantacssuedia ang wherein
ol d_vect =gaheepritkisr ¥rgdges m%’eﬁ#@ia%h’fro?ﬁfréfé‘dﬁ%%eg%%ne& L WGinst S -

alarm(1.0 enabl e runni
iSFIt 11/ ?}/ I?";"I(F’) W'I\/d'étrlbﬂtl(m of me?lnuid fromithé okifices /1 /// 1/ /11 /2/11//111/2/11]
/1111 int ShutdownM ti C ockQ if (running)( disabteQ setal arm(0.0); /" set
back to DOS defaufl'/ setvect(CK VECT.old vect); enable(); runn| ng=0; }
return(l); CITUICLIL / fv v /27 /0T 2/ 7 1 1 / 111111 | 1/

/11 1 1 /41 | Thelsysterhbof/cldim/1, kmﬂtﬂg&cdr?ﬁnsmd aleéer(:oxilwfth/a rin%{ée 'ug;'mmt)“t
n
?/I etOI u ?notC gfw{ﬁ?‘te] 0 'P%éucen"qu'f mio fhe nesewplljr/anﬂluexmovallomet Ilrj'et}o rembove liquid / ||
| 111 / / /
</0| d inter rfﬁ%r/{‘ t'? J|3 rrréesrérvdgéga v':??“/@e{ SB( wf\lclhu(#er(erét{eﬁo gflglflnﬂ té hﬂl" dﬁ‘@@@’s@ﬁﬁns
stack'/ aswhengvesthelevekoh theliqan, |$R>w mssmﬁmyaudﬂﬁBhal ligald thréldh the
m 11 Count +haye TpARt - dhe res QbR Hg s r SPlch generates a signal whenever

the level of the liquid is too high to remove liquid through the removal inlet from
the reservoir.

5. The system of claim 1, wherein the controller sends a signal to a liquid
supply means to admit fresh liquid from the supply means at periodic times to

maintain liquid purity requirements and such that the chiller can maintain the liquid
at a desired temperature.

6. The system of claim 1, 2, 3, 4, or 5, wherein the contact media is tower
packing.
7. A system of controlling the temperature, the relative humidity, and the

cleanliness of air, comprising:

an air-water contactor, including a housing with contact media, an air inlet
and an air outlet, a water inlet and a water outlet, wherein the water inlet admits a
water above the contact media and the air inlet admits air below the contact
media, and the water and air flow through the contact media such that the air
leaves through the air outlet in saturated state;



Rmani pul ate floating point processor stack'/ asmnmov BP, SP asm frstor (BP]
asmadd SP,94 asm(wait } /L /v L/ 000000l
I 11 |/ [WOO0g47983 | A e N A A 4’8*/!)80({&%71'
v/ /7 /11 v 1l I Int setalarm (double nms)( if((ns>0.0)

= count =( CLOCKFREO ns) / 1000.0 + 0.5; outportb(TlIMVER CTL,
(()gg) !VA;(U'LVSZ)Z'Eb(TI MVER, (count &OxFF); outPortb(TI MER, (counb>8)&xFF); WD
00/ 47933 23 Jelse if (nme<=0.0)( outportb(TlINMER CTL, 0x36);
out port b(TI MER,  PREafeUNT&OKFF) ;  out port b( Tl MER, (DGCS_COUNT >8) &OxFF)
count:DOS COUNT; }else{ return(1);/'error return'/ } ~return(0);/" nornal
return'/ Fi | ea chifflde! O ¢ Bryan Wade Functions for using parallel port for
di gi tal I/O Nowa?h %}_V\B have the NI data acquisition board it would be
easier to use 'taﬁifté’r( | /O rather than this. s el ude
............ e s T e Lo o s baas & 012 T8 oxeTe
:'?gtsl 2>i ﬁ?egg?gﬁglrou&ﬂ@ec&n Pﬁnméteglhpuﬂ@yoéw&hmer, static int
control Byte = 0x00; . void Pin2hi( } dataByte 1= 0x01;
out port b)(/ BASE+O %I&’@éﬁéﬁ '%«F@rmqgagm wamra:myleteto&he Ckifier, wherein the

d Pi n4dh
PV Pt nat oo é'a%‘ﬁ’ﬁ%‘?% ol ef, m&ﬂ(‘asﬁﬁ%& e L RS
; : - |
c?ﬁf ;[))’ortgl(J}BRglrEErg( at a yt e@bagﬁ'?gﬁﬁr%%‘g %/38?—%,9" "Yﬂtﬁttﬂ%ﬂr@(‘ﬁﬂmﬂét aByte);

upstream from the heater;

a second air temperature sensor associated with the air outlet line and
downstream from the heater;'and

a controller coupled to the first and second air temperature sensors, the heater,
and the chiller, wherein the controller adjusts the heater and chiller to deliver air at

a desired temperature and relative humidity, and wherein the filter is associated
with the air outlet and downstream from the heater.

8. The system of claim 7, further comprising a sprinkler above the contact
media to distribute the water uniformly on the contact media, a pump located
upstream from the chiller to supply water to the sprinkler, and an air blower
located between the heater and the filter.

9. The system of claim 8, wherein the housing is cylindrical in shape, and the
sprinkler includes at least one arm with a plurality of orifices along the arm and

~ pointed between parallel and opposite the top of the contact media and wherein
the sprinkler engages in self-rotation from reactive force exerted against the
arm(s) from distribution of the water from the orifices



voi d Rin5loQ( //inverted dataByte |= 0x08; outport b(VBASE+O, dat aByte); void
PniOnShiHO( /i S\(/erted void Pin6hl Q void Pin6loQ } int Shut down!_PT(){

dat aByt e &W@ATI33 out port b( BASE+O, dat aByte); dataByte 1= O%¢&Qissoon3sr1 .
out port b( BASE+O, dat aByte) ; dataByte &= OxEF; out porth(BASE+O dat aByte);
out port b( BASE+0, 0x00); return(l1l); } p 28

Sched. h' L R

e i . i - e-9 #define USER STOP 1 _
et tne. STA STaR g ?I%‘"ﬁh@@%*o@f@g@aéﬁ'ﬁae@%w%mk@pmmeadef. ne
COVM _STOP glinesiorintreduces water into(the mesetsairmnd ianeniovaRbutish lin

. : ! @teiov aetell'n_
(' next St atef)'&’”hé[ﬂ%%‘?q%@éém#%qr;%%S' ncelLast, PCT/ US Sség'l F/‘% gl n:

sched funct;on Pr generales/a signal'to/a water supply / / / /1 /

id fiil Qumeanswhcnel/eQmeuevé|r the! I n@gﬁ@ L Mitiondl WEES y uns gned
Yglng' !tiask untz; voi d shut downSchedu garr'% ounS| g 3’%‘@1@0@&%%%#9%5. gned
| ong passest_, CUhs kerHBdnlebirgthetrasemmoina highnsensbrwkichdmeneratey @l signal

St opSchedul {yRghdver t1ié RRVEY Bfthe Water is too high to remove water throds

Tasks. h .. "inletfromthereservoir. . . . ... .. ... ... . ... .... e ki ..
I/taskO states prototypes void taskGstateOQ //user interface .//tas

state prototypes void tasklstateoo; //goon void taskistatel (); |/process .
control algorithm //task2 state prototypes void task2stateOQ //go on voi

ad i voi d task2state2();
[ Tread Teai 1)t acco bramorad 1, Agelfing col s G st st w put
di sabl ed  veHRPIY BisiaBstaEdn( fréshwater froRviHeSuppl) mhebns sBpbAsME Bnebibieat er

PW to maintain water purity requirements and such that the chiller can maintain the
water at a desired temperature.

12. The system of claim 7, 8, 9, 10, 11, wherein the contact media is tower
packing.

13. A controller adapted for obtaining gas at a desired temperature and relative
humidity from a system, including a gas-liquid contactor, a gas heater connected
10 the contactor, a liquid chiller connected to the contactor, comprising:

a computer, including input means for a temperature set point and a
relative humidity set point, a first compensator, a second compensator, a
transformer taking the inputs of the temperature set point and relative humidity set
point and generating a output to the second compensator, wherein the first and
second compensators outputs control the heater and chiller, to obtain gas from

the contactor in a desired tolerance of the temperature and relative humidity set
points.

14.  The controller of claim 13, wherein the computer further comprises a first
PWM signal converter, wherein the first compensator is a first PID generating a



lJtask4 state prototypes void taskdstateQ(); I/Chiller output disabled
_void task4statel O; //Chiler PAWM hi void task4state2l[); //Chiller PWMto
//tasks st 3@0q47830t ypes voi d taskSstate00; //Don't col | ect pgpiygoondeid
taskdstatel 0; //Collect data //initalizationTask prototype void
initializationTask(void); //shutdownTask prototype void _
shut dowmnTask(void); //end: state prototﬁ?i ng/ I TEEETETETTTTT ] begi n:
Tasks nodul e defines extern struct taskStruct task[}; #define FALSE O

........... PID output signal to.a first command signal 1o adjust the-heating rate-of thd _#defi ne
UP , 8, #def.#ga(% DOMN ' 2" #detine LEFT % #de}fi ne R GHTg 6' #déefl ne ESC

Ox1lb #defi ¥pACE" #define | NPUT-NAME-COL 6 #define | NPUT- CURS- COL 5
#define INPUT VALU COL 18 #define OUTPUT- NAME- COL 49 #define OUTPUT
VALU COL 61 void DoScreeni nput (void); void DoScreenCul put (void); void
Set uBScreen{ struct ScreenMsg',int, struct Screenlnputiten,int, struct
Scr eenQut putd-t enthe eentraller of alaim;13, whetein tRecempltepfutiemcomphisss aanme( 12J;

i ; . o in. fl X | oat' addr, ; struct
et eonut puaonH WAL kP Bin Dy, whdrRR 1T Sbbond eSppnSSS AsecRndid: . | nt
x; float Menerating s sesdbnd ot 1l’s%lal\/l‘aﬂd{wﬁérei?ﬂﬁ@@8«‘%@8&%\%%@%@&@@’3

char text[801; PCTI USOQ 0367 00/ 47933 PCIT/ US _ '
converts the second PID output signal to a second command signal to adjust the

cooling rate of the chiller.

16.  The controller of claim 13, wherein the transformer generates a saturation
temperature set 'pdint from the temperature set point and the relative humidity set
point, and wherein the computer includes a temperature dry bulb feedback loop,
comparing the dry bulb température with the temperature set point, and a

temperature saturation feedback loop, comparing the saturated temperature with
the saturation temperature set point.

17. The controller of claim 13, wherein the computer includes a cooperative
multitasking scheduler, which allocates when a task runs in the CPU of the

computer so that each task is given processing time and passes back control to
scheduler after completion of the task.

18.  The controller of claim 13, 14, 15, 16, or 17, wherein the gas is air and the
liquid is water.

19. A method for controlling the quality of air delivered to a local environment,
comprising the steps of:

providing an input for temperature and relative humidity set points;



Vthat ic's Clainmed: 1. A gas-liquid contact system conprising: a contactor,
i ncl udi ng w@% nmedia, a gas inlet and a gas outlet, a liquid inlet and
a liquid ou Y¥herein the i quid inlet admts |iquid aboPEeTUBW/036Ht act
media and the gas inlet admts gas bel ow the contact nedia, and the |iquid
and gas flow through the contact nedi agguch that the gas | eaves through
the gas outlet in saturated state; a heater; a chiller; a gas outlet |ine
connecting the gas outlet to the heater; a I|qU| d outlet Iine eonnecting

the |iquid outireulating whterdhioughia, comester, WHeR6In th %ht‘éc{dr W&mﬁé& é‘w‘é sed
ou

| oop throu d inle e contact or, the qui d t he
chiller; qglett%f\d ﬁ‘iﬁﬁég%ﬂ%r associ at ed WI th the gas out let line

and upstream of t a second gas tenperature sensor associ ated
with the gas Glicyla “9 f“l’ig"QHGh theyoeriaetenwhareinitbe lairdn ¢he comtdctor goipt r ol | er
coupl ed to jk sTeTely e ure ensors and the heater,
wherein the E@r?gér g&?tggﬂgﬂg ad) %SGP ﬁﬂhﬁ? %g%f? » 2pg '&%PV %Fhec'ﬂéogﬁ@ it a
desired terﬁ%ﬂ&teﬁ,e and relative humdity. 2. The systemof claim.l,
further conprising a sprinkler above the contact nedia to distribute the
liquid unifor mgasunngltmedwmbtemp@hamreawmwmrheﬁ\?é@&' f)gggn the chiller

and the sprinkler t liquid to the rink a gas blower to
supply gas érb YIHORA génaRﬁ%¥emWM¢M§mrﬂ®Wmmmﬂl 26 3 The system of
claim2, wherein the housing is cylindrical in shape, and the sprinkler

i ncl udes at | £88¥apng the ﬁfw\blllh’ternlpenaha'bldfyhe)a;rwiﬂ\ftheeémpér@lnﬂ'etéée g and
poi nt ed bet I the top of the contact rredl a and
wherein thdemjsggrl néﬁ’l‘é Secr?gﬂaégg&%ﬁébgﬁ Bl-ation from reactive force exerted
against the arn(s) fromdistribution of the liquid fromthe orifices The
systemof claiml1, further conprising a reservoir with a nmake-up inlet
line to intgodu liquid, into t reservoir _and a renoval outlet line to
remove | i qtﬁd) Mﬁb"%@?%ﬁ fughergoraprising thensteps gknerates a signal to
a liquid supply neans whenever the level of the liquid is |lowto supply
addi tional |i qwt&a’lsltf?rﬁllggt %@W@%Sﬂ'ﬂmt ansl thegelative humiidity setlpogh sensor

whi ch generigies satta erer-ﬁQl‘auY@ 4@{ Eﬁg of the liquidis too highto

renove |iquid throug e rem)va the reservoir. 5. The system
Co adm ¢ 7 eskoTPa %“fer i #@hgﬁ%lg%gﬁqﬂ%aﬁ%s' 3 B empiratere thera, nt ai n
i i p““”’”m"‘°“m2‘r§?ﬂ}i‘*‘°’§ PP rend SeeThqragh Alslif
wherein t hetﬁggﬁ'fﬁ'géfn nc§ Vithhihe secepdisignal to bW@S}'@t%ﬂWlﬁmgmﬁteDﬂol ing the
t enper at ur eahettbmpepritate WRich Y8dulls tiy alr%ﬂyénjgﬁ to Hé& %f ‘%}ﬁlgﬁ&ﬁ}%‘?&wp NG e i a

conpri si ng: an air-water contactor, inc I'ng a ous

an air inl Qf thgtemperatyre aﬂﬁneatlvealuwadl&setmﬁsand a water outlet, wherein
the water inlet admts a water above the contact nedia and the air inlet
admts air below the contact nedia, and the water and air flow through the
. contact media such that the air |eaves through the air outlet in saturated

stat e; t?ADt ®RV.47988 thEﬂ}[?deaSﬂm lmﬁﬂﬁh? da?mzrwirﬁtr@hsté? bt Qtﬂjustn‘f’gz fe! ﬁéf‘t{t r an
air outle nnec air outlet to the heater: a water ou
line connec{‘ a?f§°f QCM'@%SE'@@!Q%Q bring-¥e aidelivared toi the docal

environment to the value of the temperature and relative humidity set points.

22.  The method of claim 20, further comprising transforming the first signal by
a first PID compensator to a first command signal and converting the first
command signal to a first pulse width modulated format for powering the heater.



water flows in a closed |oop through the contactor and the chiller; a first
air tenperature sensor associated with the air outlet line and upstream
fromthe heater; a second air tenperature sensor associated with the air
outlet Iine and downstreamfromthe heater; and a controller coupled to
the first and second air tenperature sensors, the heater, and the chiller,
wherein the controller adjusts the heater and chiller to deliver air at a
desired tenperature and relative hum dity, and wherein the filter is
associated wth the air outlet and downstream fromthe heater. 8. The
systemof_claim7, further conprising a sprinkler above the contact nedia
to di striddut e ThReMphhed afnclpind S, &T%h‘?rec@m@iﬁg tesdisEornainguthe secended

upstrea he, chul l-er er._t Spr | [ r

bl ower ]:Jdcn%?]e%y baet %Aubégﬁ]%t ﬁgehgg réﬁasn "t ﬁ% gi %€€9q$£o%hghgy§@gﬁ?g§nadcl aim
8, wher eicanvértingotise rsgcosd cgdmmdinidc siigniah ts hapecomad dulbe wisith imbt@atddicl udes
at least .one atmwth a Iura‘ity of orifices along the armand pointed
bet ween pAMARY OF Wr&?pﬁéq thillehe top of the contact media and wherein the
sprinkler engages in self-rotation fromreactive force exerted agai nst the
arnm(s) fromdistribution of the water fromthe orifices WO 00/ 47933 28

PCT/ USO0Rd367 R Dtemnior spstrating temaeratare aodthumiditynel aisi agmarisiegerasoi r

with a ' - ' .0d . r.into t.he reservoir and a
Femoval " saibor b e bR 47 B on e b BrbeE D HReeRlEs i cn
gener at esnd siwatdr batlet, wahereis ujhiel wateamnsenmimeve rwitee iheyaheoforither wat er
islowto s gpl ddi t i onlal ter t_h[ougr;‘Eg the make-up inlet to the

r eser voi me% I'F?'{fh%%%r?é'brm%' iGe A fitesthe eppfest madisnanst wheseinethe  of

the wat eiygtér tdhclyIBortactLRY Caivahethd NHopbstol Néhd ?Wéalef(gér'ﬁla?ttg‘;ﬂ%m the

reservoir. 11. The systemof claim7, wherein the control sen a signal
to a wat €entashppedia spghshabtheipirtieayesthanair eutlet omsaturatachptage reans at

peri odi catH' pto mai ntain water purity requirements and such that the
chiller cannmai‘ntain the water at a desired tenperature. 12. The system of

clai m 7, a8hiler h@juding avheawrmexdrangentdisioseddd@tside tipvebntaeeki 89 .airl3. A

control |l er aﬂﬁgt ed for_ obtainjn Pas at a desired tenperature and rel ative
humi di t yOHHEhH e§9§5‘%‘?ﬂn9H@ﬁﬁi%e&taégelhﬁﬂﬁ'ﬂ contactor, a gas heater

connect ed wherl BALIELNHNRCESAne Hﬁj AHe dw&ter! btietC O NRE! ERIIEL Wﬁﬁr&ﬂnél'?ect or,
conprising: a conputer, including input neans for a tenperature set point
and a rwaker flewsdnialclogeddoopdshmuyghatlie mater nelp rtbatntactosettondater
conpensa mer taking the inputs of the tenperature set point
and rel ablaggt %ﬂgntté?@r”gét poi nt and generating a output to the second

conpensatosatundigdenit tdrpérataie 3Resos eReOElatRREHS &her Sir Glitiitt fn€ ®Hd ol the
heater and chil If? to obtain gas from the contactor in a desired

t ol er ancHP3feR e {’@hﬁ@r'&?%ﬁe& and relative hunidity set points. 14. The
control I grggf weliidn ]témﬂ@?tgf]&b”séﬁ?orcg%ﬁﬁédfHﬁﬂwhﬂ‘ie Cé?l”?{dt%]‘%slir?e fddst PV

signal converter, wherein e first conpensator 1s a fir D generating a
WD 00/ 479e8npCEALSHOMBBY he@@rfirst output signal, and wherein the first
PWM si 9“31-. 5O \‘ﬁé&%@r%g?gﬂe ‘t%jrs‘ﬁt he first PID output signal to a first

comand Si gnha eating rate of the heater. 15. The

cont r ol | errekttivel rurmidlty, sediiet;reridie conputer further conprises a second
PWM si gnal converter, wherein the second conpensator is a second PlID

gener at | AFORTEEEnNMAIRELa sPGHIEr afRHRIAG tei they srtusatesh iR ReIGh4e
convert efendPNYRE b dhSp &2t aut j rﬁga@ si gnal
to adj uste? he cogl i ng I?at e@%s%@o@% ﬁ%?é.é%@whgd@%%t%?ﬁbﬂg?%o c%ai m 13,
wher ei n coreputemsfheresr thewentioder adfstsithe irmatert anpahat chiberstd dplivert from

e o b A AR B il o vherel”

25. A system for controlling the temperature and humidity of air,
comprising: a contactor, including non-temperature controlled contact media,

an air inlet and an air outlet, a water inlet and a water outlet, wherein the



conparing the dry bulb tenperature with the tenperature set point, and a
tenperature saturation feedback | oop, conparing the saturated tenperature
with the saturation tenperature set point. 17. The controller of claim 13,
wherein the conputer includes a cooperative nmultitasking schedul er, which
al l ocates when a task runs in the CPU of the conputer so that each task is
gi ven processing tinme and passes back control to scheduler after

conpl etion of the task. 18. The contro3der of claim 13, 14, 15, 16, or 17,
wherein the gas is air and the liquidis water. 19. A nethod for

controlling th qu lity of ai{) deljvered to a | ocal environnent,
conpri si Hba% E? ég walel Ay dhaconiamitmedia eRehsBe Al et admMits aif i ve

hum di ty pafiw RRE @Bﬁtac\f@n@@/a‘%%é%ﬁ@rep Hﬁ&%épﬁ@%é]es(ﬂnté‘dﬂlc%hté@ Be
t hrough a contactor, wherein the contactor |ncludes a water inlet and
outlet, &ir iaithe eontactardasthe wtatercand thatainfowi arouhddhgmarheermpetatater

the cont SO priAe: BRAIETS R, ot B dlhoieS B30LRE: wif alollfiet Ty "L e

dry bul bsheurmaesdstate; of the air delivered to the |local environment and the
tenperature of saturated outlet air; and conparing the dry bulb tenperature
of the afrPGateR the tenperature set point and generating a corresponding
first signghilelPor BaGuTRI 9 t A %l h s of:
transform ng| ? emi en’gu er at u?@e g%ﬂg?méaan%iﬁe Tel ative fﬁdurﬁngtc?ltet EO@eat(éppo nt
into a satediat porait euilet hmeuceneectthg)thﬂ airanutlet doptheihegtéhe saturation

t enper at yr t point.with th erat reo satyrated out] e alr and
gener at i %g%% PP@?BJH}% ﬁ@n%% FgWﬁ er QHE égPug}.q ﬁE'”efhé"r@ﬁ?'Inl

accor danwatw flowshehrs@ghnthesvaibte irfléx, tthb”@;ﬁtb@tcﬁ' teelvdteR Hutkk &ind the t he
terrperaturﬁz which results in air delivered to the local environnent to the
val ue IgEr tenperature and relative humdity set points. 21. The nethod
of cl ai Myl £ t t

accor dance Wlt taﬂI te{fﬁb?'l%cregg Eléh%gl éﬁ%c%rrtlgcﬁ V\ﬁ{ g‘f&algﬁ . |tv|teHrE\e egﬁ?tﬁ’% Hﬂebﬁjocal
envi r onmehthe beat&r,val ue of the tenperature and rel at| ve humdity set
points. 22. The

i et s Bnarcalft "5 Aeputerabes® Genone atbpobbed WA <The il s G Shthd

converti ggwinBerebii 6f the aBHBEH apidgnal to a first pul se width nodul ated
format for powering the heater. 31 23. The nethod of claim 19, further

conpri si ﬁgc?ﬂtéﬁ%‘?roﬁﬁpﬁ@dt ke thecHret asfgpegonsy air sempeteEre snspemsther to a

second c i i second
ool oo w HERCte AIMRG fiffer, CRREREH ik BRuBARCTRRTENE (a8 oyt 2or
cont r ol | chigjer énpéelatenr air afindmhtine didayeofat aa rdesiredptarspa@tuice andnrteemﬁ\m,

i ncludin cogl%act nmedia, an air inlet and an air outlet, a water inlet and
a wat er wherein the water inlet admts water into the contact

media and the air inlet admts air into the contact nedia, and wherein the
water directly contacts the air in the contactor and flows external to the
cont act Rfédi aAssissterhaf qanéraliing |thaviesnperaturier andt fedativen hemiditytefdaist at e: a
heat er; g rfq: i ncl udi ng a heater exchanger disposed outside the

cont act or; an al outlet Iine connecting the air outlet to the heater; a
wat er oualramtlactrme d:mmmngi mmtnbe nwdlar anuallrahletthridlaanirl owtiet, Wheragemn t he
water flows in.a closed- h the water inl .. the contactor t he

I

water olVfe@ndnd YRES cl‘?iuﬁlegr w rgi e eres; inlgte E}”%i Wakes aboye the
associ at eshtaict nédig @hd tAEtdietnlkt %@lnﬁ&dalruﬁébﬁveﬁffﬂ thRMAt hﬁe{i‘%ata‘?lrd1 J{% dry
bulb air tenperature sensor associated wth the air outlet [ine an
downst r ew@telr aRft3ie Mk dptimate contact and flow external to the contact media

such that the air leaves through the air outlet in saturated state;

a heater;

a chiller for chilling the water; a filter;

an air outlet line connecting the air outlet to the heater;



an air tenperature set point; a relative humdity set point; and a
controller, including a conputer, coupled to the saturated air tenperature
sensor, the air tenperature set point, the relative humdity set point, and
the conputer, wherein the controller adjusts the heater and the chiller to
deliver the air fromthe heater at a desired tenperature and relative
humdity. 25. A systemfor controlling the tenperature and humdity of air,
conprising: a contactor, including nod3enperature controlled contact

media, an air inlet and an air outlet, a water inlet and a water outlet,
wherein the 32 vva} er inlet admts water above the contact nedia and the air
inl et adfiWaes;qutiehding,Fannectna tae wateh icxtieh te thmsliden whreihthe Wakkies
di T ect - cplath diddp iHhBugRithe WbttRRIEETHBCRadDr | (1% WBLE AN dheLAi T 11 ow
around the non-tenperature controlled contact nedia such that the air

| eaves t Bhilehan ke Mmperaturet sétrpoistit urat ed state; a heater; a chiller for

adj ustin Fa e Eﬂé’l é he water apart fromthe contact nedia; an
air outlgtrte rt'ﬁ}ee donhe t%%gg 'R& air outlet to the heater; a water outl et

| i ne conaes#tungtddhaimaéraperattitetsehgot R s6bbtdE withitBeeain dditfet Wad &ind | ows

t hrough t he wateé_ inlet., the contactor, the water outlet and the «chiller;
a first HPPUEBMpEPH theheaWsor associated with the air outlet Iine and
upstreanmy gyt haatieh £6%0 ' t Uk Cji i th
the air out fyetm‘ﬁ? ne anénp%gwnst rgg%%drgﬁgﬁgi%ga%ﬁ ﬁ%?é c@%ﬁe?rf(')ﬁ gér?]d(/:\noupl ed
to the fdpwnstieansfoomthaheatermaedat ure sensors, the heater, and the

chiller, in.t ontraller adjusts the heater and the chil]er to

del i ver g}'&%ﬁf&é&rt @pﬁeéﬁoeﬁweafuratemqrﬁglget ShRY L e rg’?&'vreellh'lé@"i"%)b set

hum di t ypoi2f§, the sysiratedbiraemigerbturedsdrzer} shenatdty dun dir ®Impérsgufum dity
of air, conpri siqr;_g; a contactor, including contact nedia, an air inlet and
an air o8N, Whekgtnethe ranteellemadiysimihe heataraand e Billar brsed@nethe ni et
admts e 1 ' ; P t ' i | ow
The. cont o ral grubd Set pa AherRisG EFariaty St pOE HRE SphiaRd 287, O
ext er nal terpperatuce rseasor, nal dhe sdryhbulbagirt temperatuengessdrhto dglivehairi r

outlet i [ at st.ate: a heater: a chiller for chilling the water; a
filter; ﬂ'ﬁﬁgwe gﬁsgeé'tatl? ﬁ?'&f%%ﬁ%@??%tu{"ﬁ@ngirleiacﬂ}'tel l%‘fmfchéyt'he heater; 33 a
water outlet |ine connecting the water outlet to the cliiller, wherein the
water flows in a loop through the water inlet, the contactor, the water
outlet and the <chiller; an air tenperature set point; a relative humdity
set point; a saturated air tenperature sensor associated with the air
outlet Iine and upstreamfromthe heater; a dry bulb air tenperature
sensor associated with the air outlet line and downstream fromthe heater;
and a controller coupled to the air tenperature set point, the relative
hum dity set point, the saturated air tenperature sensor, and the dry bulb
air tenperature sensor, wherein the controller adjusts the heater and the
chiller based on the air tenperature set point, the relative humdity set
point, the saturated air tenperature sensor, and the dry bulb air
tenperature sensor to deliver air fromthe heater at a desired tenperature
and relative humdity.



