
151 * eaoT
NBTÍ üODEL COTICEPI IO COTNFOL tTE 8NEßSI AID UA8S I¡ANSTE8, ¡N A t.HBEE.

DIIIINSIOI¡AL I¡IPERFECÎLY UIIED VI¡IÎITÂTED SPACE

Bcrclo¡ns D., Dè l{oor ll.¡nd Dc l{oor B.
K.U.I¡r¡rrn

Hevòrlae, Bolgtun

Rcl/wordi ! üonerol of ûlcto-Gnvlrorunt ltound e ltving ofg¡nlrD, rnntll¡t¡d
tþdoór, ¡ôt ¡.1fü3r tn.t6t md ¡at¡ trrnrfcr 1n tnporfecrly ¡lfèd
flulds, ür.anhoutö¡, llvracock bultdln¡s



Lr

a

cf

1.



153

1 INTS,ODUCTION

Ttre desfred ufcro-envlron¡ental condltfons ln a process or 1n e
ventllated aPace can only be achleved by good control of the process control
lnputs (Bercloans D., 1991). Tt¡e tools ln uoder¡ control theory to develop a
Process controller are based on the assumptfon that a dynanic natheDatlcal
uodel of the process to be controlled ls avallable (Elgerd O.I., 1967).

Fron previous work ft can be stated thet the useful exlsting models heve
at least one of the followlng shortconlngs when used for control purposes
(Berchans D., 1991):

1. they are baaed on the overall assunptlon of a perfectly nlxed alrspace
ln which no alr flow pattern 1s considered; they aaar¡De that the venÈtlatfon
rate ls constent or ls a llnear fi¡rctlon of lnelde teEperature, whlch ls not
posslble shen the ventllatlon rate ls consfdered to be a control lnput and
whlch ls alnost never the case ln nodern controllers, they do not consfder the
aapect of hlgh dynanlc behevlour of the proceas for control purposes, they are
not usable as a basis for adaptlve control strategfes slnce they are not
cotPact enough to be luplemented ln a conÈroller, they ere not achlevable for
control purposes slnce they need too ur.rch calculatlon power and t1oe.

2 OBJECTIVE

The obJcctivc of thls paper ls to prêsent the theoretical consideratlons
behlnd a uodel concept thet ehould penlt a decpcr understanding of the
Process of mlcro-cnvlronment ln a non-pcrfectly Dlxed thrce-dlnenslonat fluld
or an lnpcrfectly ventlleted atr cpace (Flgura 1). l{ore apeciflcally 1t ts
the obJectfve to present a EâthêDatical lodel concêpt :

1. fn shich a quåntltatlve approach 1s rade for the procêss of nicro-
envlronnental conditlons ln a non-pcrfcctly afxed alr space,

2. ln ut¡lch the exlstcnce of thrce dfren¡fonal alr flow patterns ln a
non-lgothemal ventllated apace ls consfdered,

3. fn ¡rt¡1ch the locel nlcro-erwlroücntal variablcs to be controlled
are : lnsfde teûperature, lnslde htrnldfty and gas conccntratlon,

4. that Predlcts the total (lncludlng tr¡nslGnt) high frequency respo¡rre
of the oLcro-e¡wlron¡ental varfablcg deflncd above to non-Ilnear varlatlons of
the process fnputs : ventllatlon rate ¡nd heat aupply,

5. ln ut¡lch every peraueter hae a phyelcal reanlng.

6. that fs coupact enough to be lnple¡entcd ln a controllcr.
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3. fiE r,rElItOD

3.1. Hypothesfs

lakfng lnto accorurt the obJectfve of the destrcd nodel and knowing the
shortconlngs of exlatlng nodels (Bercban¡ D., , 1991), the followlng
assurptlona were based on fa¡tllarfty vftl real-systG¡s (Fishnan G.S., 1967):

1. In a non-perfectly nlxed fluld process there cxlat relatlonshfpe
beÈween the global process lnputs and the local dynarlc conccntratlon
dlstrlbutlons ln the space.

2. Tt¡e physfcal process behlnd these rel¡tlonahlps fo¡:¡s the cruclal part
of the dlmanic reaponae of mlcro-envÍronnent ln a non-perfecÈly nixed flufd.
Ttre etated physical process fn ualnly baged on a uechanign of nass transport.

3. Ttre new nodel concept offers a rethod for nodelling a4d u¡derstandfng
these baslc physlcal proceaaes lncludfng the rerponae of the fluld flow
PaÈtêrn.

3.2 Tt¡e oodel concept

. Accordlng to. rtrat has been shown Ín llÈerature (Tlmone l{.8., 1980;
R¡ndall J.ll., 1981; Randall J.!1., tlP79), Èhe ror.l volqc of ,the vênrilatcd
space (aubscquenÈly called rthe bulldlng volune') ls consÍ-dcred to bc a Don-

,Pgafactly rLrcd ¡1r rp¡cG. conscqucntry ft ,ls agsr¡¡ed that thcre Ís a thrce
dlnensfonal alr flow paÈtêrn ln the bulldfng voh¡re ¡s scrr aa (related)
gradicnts ln the local rlcro-crnriron¡cnt¿I paralêtcrs (tclpcrature, huuidtÈy,
gas conccnÈratlon). Although the bulldlng volr¡ue le a non-perfcctly ufxed air
volu¡e and 1s con¡ldercd ¡s ¡uch ln the rodel, ft ls alwayr poaaible tà deflne
a conÈrol volr¡c es being the raxl¡r¡n thrce-dinen¡fòn¡l voh¡ue ln-,rtrtch, by
deflnitlon, there ls perfectl.y nLxcd alr. ftrÍs rcans th¿t wlthin this concrol
volu¡e thcre are no gradlcnts of tcrpcråturc, hunldlty, gas conccntratlon, afr
veloclty etc. Gonsequently fron the theoretlcal vlcnpolnt thfe control volr¡¡e
1s euppoacd to be lnfinltely aratl. It rttl be ¡horn by cxperttental rc¡u1ts
that ln reallty thls 1g not the c¡¡e.

It ls clcar ttret accordlng to thls dcflnltfon the pcrfectly ¡¡fxcd control
vol¡'¡e c¿n be poaltfoned en¡rwtrere fn the global non-perfcetly tlxcd buitdtng
volue. slnce ft le the obJcctlve to ¡chlcve a ndel for control pur?osca ue
conslder thc control volu¡e being the ¡axln¡o tlroe-dlrensfonal voh¡re rt¡lch
ls perfectly ulxcd and rit¡lch ls poeltfoned arou¡rd the tüpGrature sGnaor of
the control sy6Èêm. ] ì..:

lf frc¡h âfr GntèrÉ the bull,ding volrne ruch of thls elr perrcb ovcr,
wrder, or alongstde thc control volu¡e. Only a prrt ùæ of the globel
vcntllàtlon r"t" ú entcrs the conrror voh.ue (Ftgure 2). 

-Tt. 
r""a oi trrr"

global ventflatlon r"t" ú Ie¡ve¡ the bullding wlthout cver paerlng ttrrough ttre
constdered control volu¡e at the rpeclficd poaltlon. shflar bch¡viour is
¡¡aulcd for the lntcrnal rol¡ture productlon by thc, oecup¡nts. Ao r:çlelnod
belos the hygroecoplc bchavlour of the rurroundlng constructlon la ncglcctcd
and the varlable lf fs consldcrcd to be the totel ln¡lde rÍ¡ture productlon.
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only. the part l{"" of the totar Eofstu¡e Broducþl-on Ir in th.e butldlog volgne
enters the control voh¡me. The a6De-.,9ccr¡fs ¡rfth the intern¡r,heat-production
Q where lt has Èo be ¡roÈed thet: therg are; three aour.ces of heat pråduotlon :the occupants (aninals ln cage of a ;lt'vestock .buttdtng) ri:the hretlng ,iyste' to

, supp,ly addltlonal heattng (or coollng), and the bufldlig constrûccton shfch iea source of (posltlve or,negatfve) heat flow,, only;:thJ part re, of, the total
heat productlon enters the deflneô control' voluù¡ei," Tt¡e renalndeß of theglobal heat produccion Q leaves ,the bufldlng ,vo1üne r¡ithôtlt paeblng,through
the control vorume. Thls ¡¡eans that Qcv fs ìoneldered to be the sun of the
total heat fror¡ arlsfng .fron the three dlfferent aources, and çnterlng thecontrol voh¡ne,

. r- .: i il
: . ',ì ,:., ÌJl

The ¡¡olsture flor [f"" aé wel.l as the heat flov: e* entering rthe control
volune can éach be the sun'of dlfferent flows (nolsture fron the'lóbnure-systênor fron the hygroscoplc behavfour of the surroundtrlg con8tructfon, heat fronan additlonal,, heaÈing sy€te¡û or fron the long tern behavtour .of the bulldlng

' constructlon), þut the concept ls sc1Il valld,' Indeed the EêEperature aengorln the control volume dges not pernit the,fdentff,fcation qf.,çhe heat source.Furthe¡oore, thls lnfo¡oation is not ,of great Íuportance, for.. the reaultfngmlcro-environnentai conditlons (as defined above) vfthfn the control volumeslnce they are ueasured contlnuously.

, rn thls uoder concept there are trro t)¡?e6 of rnput variables : ,.groballnputsi Inl ¡ areventfle and E the' heatlng 
""y thirdcontrol tn Thelnslde be lobal

- .control fnputs. In additlon to thêse, the loc¡l lnputr:to the control .rroir-"
.,are the P"rÈ-.V*,of the gIobal ventfl,Btfon rate thet enters the control volune,
the Part Q" of the total tnternal heat pEoductlon Q that enters the conÈrol
voh¡me and the Part lJw of the total rolsture production thdt'enters the
control volu¡e.

i
),, 2

'Applylng the I8w -ofrnass consêrinatlon on the controt volure deffncd above, ràeults ln Èhè-, ürtêr r¡.t .qt¡¡tÍo¡

-0 V* X. + (! ., V*.. Ir" +
ê"-

'lt.êt (s)

TJIth
I :1,

H, .:N, í .' : ' ...y
Ëi] : the . volurcÈrlç concêntraÈton of rcf¡ture, producÈÍon

côntrol volu¡ie by'the occúparite (Jls"nl)
deirsity .of the freah air pnrerlng rhe coqtrol vol¡¡ue (tgln3)
.:: .ì , a

%

1n the
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?r : dcn¡lty of the ln¡fde afr ln the control volr¡¡e (kg/n3)
t : tlre (s)

U* - # 
: volr¡netrlc concèntratlon of fre¡h alr flow fn the control volr¡ne

(n3 fresh alr/s,:u3) ' r

Xo : hunidLty, ratfo of the fre¡h alr (kg water/tg dry alr)
X, : .hrlnldlÈy ratlo of the lnslde air 1n the controf volune (kg'water/kg dry

air)
:'rt.lo

c--
7r

tr : heat of vapouratlon of watcr at lnslde tenperaÈure (Jrlkg rater)

. 3.3 Equatlon for tenpereture

Iilhen conslderlng an lnflnltely sEell control volr¡ne surror¡ridlng e aenaor
lc ls poeslble fron a theoretlcal standpoint to deflne theoretfcal fnlet
eectlons and outlet ¡ectLons, It ls consldered that the ¡ean tine value of
the veloclÈ¡r v3ctors of the alr particlce 1e perpendlcular to those ¡ecÈton¡.
By deflnltlon lt ls stated thet vlthin the control volune the phyafcal
propcrtfcs' of Èhe'fluld are equal over the shole volu¡e and consequently over
all Èhe "toÈel fnlet ¡ectlon as well as over Èhe total 'outlct bectlon

r (flgure 3). Applytng the general las of total energ1r concervaÈfon (lnternal,
,. kinetlc rnd potentÍal encrgy) re¡ults Ín e t.¡¡rGa¡tr¡r. oquattqr to bè srlttcn

_3_
?r.cu-.Á.v*.Tt+É v* T;+ (2)

.1 ì "r: I .

, In rhlcþ ) ;

c11: apcclflc heat of lnefde alr (J7tg, K)
,. j".: :; ;

,1r: lnalde tcuperature Ln,'control volu¡e (-C),

T;: :outsfdê,,ÈêEperaturè:fn "èonirol volr.ue ( G)

t: tire (s)

Vori, ï-*ryrtrfc conccntErtlon of frc¡h alr flow ln contEol volr¡¡c 1r37c 13¡

w.: voluretrfc concêntratlon of total senslble heat flow 1¡ the control volræ
.''"- , (J.s-1.¡r3¡, ., '',' ' ..,

( -. 
" 
r::'

. ?r: dGnslÈy. ofcfnelde alr (kg/n3)

]t
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É: phy¡lcal constant

3.4 Equatlon for gas concentraÈfon

A gås concentratÍon equatlon, ainllar to the noisture balance equation
(2), for the control voluoe can be wrttten as :

f t cat¡'also be'wrttten that (Bercknansll 198.6):

dr -ô v*.g"-ô.v"".gr* Ec

?r
(3)

wlÈh

ô- Jo

Jr

-cv
vw

VoI* voh¡netrlc concentratlon of ventllatlon rate ln the control
volr.ue (n3rls.n3)

Gg* - ñÇ : voh¡¡etric concentratfon of gas productfon ln the control voh¡oe

(l/s.ur)

l|lrh :

gr : ¡cccptable fnslde gaE concêritretfon ln the control úoh¡ae

go ! ga6 concentratlon ln the cnterlng frcsh air (Lßg)

7! : d.nslty of lnslde alr (kgrlu3)

?o : dênslgy of freah atr (kgln3)

G : gas productlon ln the control volure (lrls)

(r/ke)

il* : volructrlc vcntllatlon r¡te through the control vàIr¡¡e (at/s)

Vol* : volr.uetrlc content of ttre control volr,rne (n!)

3.5 Phyafcal leanfng of thts rodel conccpt
1:l

rn the three cquatlons (1), (2)'and (3) , Gvet] pararstcr has a phyafcal
reanlng. Accordfng to the baalc aaauaptlons of ttrls rodel lt !e consfdercd
Èhaçr therF fs a non:gerfecfly'¡1¡ed Êlr-apaco: fn,Èhe:buü.d!.ng volu¡e. But, et
'-i' ., ..\ -ii.:i i,i : , :.1, ,'' j ,tr;,.:liat,, i.
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e ccitain pos,ttlon 1n epace, Èhere fe a perfectly nlxcd space : naoel'y ln the
control volr¡ne (figure 2). Although the alr fn'.the global building'wo1u¡e ls
non-perfectly olxed, ',a eontrol , volrue can alr'ays' be deflned es the maxlnr¡m
,volune erweloping Èhe' controt aysten's Benaor fn rtrlch, by deffnl'tlon, there
ls a perfectly nixed alr spece. Fróú the thcorcttcal vf€ttpolnt, ËhÍs. control
volr¡ne ls aupposed to be lnffnftely, anall. Dut, fron neasurelents;'tt can be

shoçn that this voh¡ne can have slgnlffcant dloenslons :(up to 6O n3) for
certel: valueg ot .n",lt":êes 

.pontrol 
lnpute (Eercbans D., 1986). I

If thÈ anöunt of'fresh'alr ü entera the globat Uirffafng volume.at every
tlne 6tep, nuch of thls alr pasees over, ufrder or elongslde the control
voh¡ne. Only the part Vw of the global ventllatlon rate V enters fn one vay
or enother the,three-di¡enslonål control voh¡¡e. Tt¡e Passage of thl¡
ventl.taélon rete 'ü*. t\rgugþ Èhe control volr¡ne gcneretes ,.the yolrrrretrlc
qoncentratlon o(, freeh atr v* 1n the contfol volr¡¡e. Slnllar bchevlour ls
essu¡ed ,for the lnternal heat, ges: end nolstüte ptoductlon ln th'è bufldfng
volune. In thls -way there ls geÏrerated ' the vw, w*, cd and t* whlch
consequencly heve a physlcal neaning ln the equetlons (1), (2) and (3). In
these equá'ùloós, all ,the Greek slmbols c, p and ô are well-knorvn physfcal
constants such âb deùsity, speciflc hcat, heat of vaporLaatlon etc.

In thls ¡odel conccpt lt 1g ¡¡gr¡¡ed that the resulcfng velucs of thc
ufcro-crn¡lronnental. parrnetêrs Tr, Xr rnd gr are nainly lnfluenced by the
energy.add nags transfer reallzed by the part úw (of the global fresh ¡1r flos
rate V) that ènters the control volune (ffgure 2), As long as thls freeh alr
does notrreach the control volune, lt can be dtstinguished fro¡ thc epace alr
bec¡u¡e of thèrnon-pcrfect nlxlng. Other physfcal transport rechenisns (r¡as
trarúport, cbriductlon, radlatlori, êtc.) are fgnorcd becauge the hypotheels 1s
that -1t fs'irBainly thê transport of fiesh alt thet deterillriês the con¡ldered
¡lcro-c'trVlroibsntal'verfablcs. At thc ¡¡¡c tiuc Ít'fs ¡¡¡r¡nd that lt 18 not
poaaible to deacribe these Dêchanl¡ns slth phyelcal laùs ln a u¡eful way for
control pur?oscs.

By corparlng ttre rolsture cquatlon (2) w1Èh the gas Gquatlon (3) ft c¡¡t
be ¡cen Èhat,. çlntç bgth are naas equatlons, _êre very slnllar¡ It qan alco be
stetcd that cVëry 'othcr - rÂss variable (du¡t, rlcro-organiaEs, chetfcal
¡olutlon 1n a llguld" fluld ¡lxturo, .Èc.) een be rodelled ln a clnllar rey.
1o solve the nodel there ls a rcqulrcrent for t.eo pquåt1ons es wllL core
clcar, Decauce of the slnllarlcy batuccn all l¿as egyåg+.9ns,_ .._the trto
.qü¡ttoû. thòt"irc cäûitfdàrÓd"bdIc ¡îö'Êhc teryctetuic oquttlon (2) ¡¡d thc
æltturc
verfables

.qr¡.tlør (3), Indccd cvery systêD conrlsts gf Gnèr¡y a¡d rera

, '' I

Tt¡e Gqr¡atlons dcduccd ln the prevlous lcctfons ¡¡rd flgure 2 c¡¡t bc
rcprcscntêd ¡chenaÈl.cally as 1n flgure 3. It ls cl€rt Èh¡t the Part of ttre
rodel de¡crlblng.rthe bbntrol vols-e 1g baaed on'physlcal lave. It haa ttrrGc
rmlsrorn pareretera sho¡e physleal reanlng has Þe9n, explalned. As
conccntratlon varlables thcre value ls dlrectly rel¡tcd go ttre .o callGd locrl
lnput v¡r1¡blËs aa cxplafuied abovè'. 'Ttre value of ttre¡e thrce r¡¡rlgrorn
varlablce V- e* and c* has to be detcnlnad bcfore they crn bc r¡scd to rdcl
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the proceas outputs 1, and x, (fl8l¡rcs 2 and 3). since ncfther the slze nor
can
and

lble
Ëhe

three-dlnensfonal co¡itrol volune fn one or anoÈher dlrectlon.. Sfilllarly the
total gr¡m of the heat flow coulng 'fiou the heatlng elenent and fron the
anlual.s and the heat exchange nlth the butldfng envelope never can be
neasured. Identlcal reasontng appltes to_.thê-EoleÈure floq tþat enters the
Contr'olvol.u4? ' '|r "'n;

:i
) "i i;

Ttrà process outputa_,- lnsfde teuperature T, and, ineide, noictuÈg,x,, howcver
qan be neasured as ueIl as the total process iàpnts, v"ntftätfon rate ü
tlrough the bulldlng volune and heat supply Q by the'heaëlng erenenr
(ftgure 5).

- 

J;'

The problen cen now be split up into Èrro steps.

1. deterntnatlon of the values of the variables v,w, yq" anä"c* "Btartlng
fron neasurenent results of T., xr, To and lL. Thls ls g,proÞrenpf,¡rarameter
cstinetion of the nodel given by equatlons: (1) and (2) (see.3.6).

:. " l '

2. dete¡¡lnatfon of the relatlonshfp betucen the.toÈal process lnputs ú,
Q, H. N, and Hr .,Nr and the thtêe variebles c¿", V* and w*. .:frts ls a
problcn of ldentiflcatlon of the physfcal systen that rèlates' Èhè total
Procesa fnputs end the rocar concentratlong v*,,w¡ and c;. It ls fn other
r¿ords the aodelllng of the eners¡ end nesg transport by thç., fluid ln the
thrce-dl¡ensfonal space to the control voh¡¡e.

rt'cen be noied'here ÈheÈ the conÈrol vorune, a lore gcneral part of the
systci!' ls deicrfl¡ed wlth a ¡odel baeed on phyêtca1 laws. In contrast to thlg
ffrst pert, the,gècond part of the syeteu 'fs veri'particular for the
c,gnsfderGd bulldlng or apace. ..f\¡rthenore the relaËionshfp betveen vw, u*
and c* on the one slde and ü and Q on the;other,'lerôoirståntly ôhahging fn
tfte end spaêe (varylng,afr flow pattern, rovlng occupants, eÈôii).r;r Ttrerefore
thfs part of the systan fs nodellcd by on-rlne paËa¡etêr egtfnatlon. r Ttrls ls

', fron the reaeoning that tt¡ls parË of the rystcu le too eouplex to,be uodellcd
ln a u¡cful ray by a ¡odel bascd on physfcal laws. NevertheleEs.the total
rodel glves an luproved phyalcal r¡rdcrstandÍng because cvery para¡eter in the
rodel propoeed here has a physlcal reenlng.

3.6 Para¡etêr €stinatlon V-, w* and c*

It can be ¡ho¡rn t¡thenatically (Bercklans D., 19S6)
the continuous equattone (1) and (2) :

that ¡t¡rting froo
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dNr

dr - -a . V*. Xr+d vd. \+"f . cc
tt

$- -O. v;'. Tr+væ,.To*ö^.ro

(1)

(2)

(4)

(5)

(6)

Kr-

lt le poasfble to obteln for on9 lêaõurc¡Gnt, dlacrcte cquatlona
whcn uslng the tra¡r¡fo¡:natfons :

?c*
dvw

lq- ôr*
É.to"

At--O.v*

,BrlA.v*.xo+T cw

4-'É.t*
Br-ß.vw.To+ô w*

It ls possible to obtaln the ¡et of discrete cquatlons :

( 1 4û¡ X.ûl X.Û.r¡ )

and

( I lotr). ,Tt(t¡ ,"Tlrt*tr )

(1 - ear'Ât¡

1 - 
"Âr.At

"r¡.Át
-1

q.(1-.âz'Âu¡

1 - .42.Ât
,i

.e2.Ât

Kt

- t01

' tol

1

o¡rc¡ tt¡c v¡Iue¡ of Ar, Kr, A, and K, are dGtcralned, aa ahovs ftgure 4,
v-, s- and c* can be found by u¡lnt ¡Gts (4) end (5).

' As rêprescirÈcd lnrfiguro 4"and proved'by,¡athêEåÈlcal analy¡1e,(Bcrcbans
1980), the appllcatlon of the Sfngrlar V¡lue D,acoryoaftfon (S.V.D.) 1l Èhe kcy
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to solvlng three probrens. rnftlarly s.v.D. is used to estinete Èhe nolee on
the neagured data, secondly, s.v.D. penits dete¡olnation of the unknorn
varlables K¡, A¡' K, and A2 by uslng the transforiletfons rrfth equaÈtons (5),
(4) and (6) the varlables vol*, wo and c". Flnally s.v.D. alloss us to deffne
a crlterlon whlch dete¡¡lnea the number of obgen¡etions n that should be
hanäled ln the datrlêeÅ 'Èo' aéhlcvd: a narhenarfcally reliabie eolutiòn (See
ftgure 4). I 'r

4 DISCUSSION

In the ventllated epace consÍdered as an exatple, the d¡ranic rceponse of
three physlcal olcro-envLron¡ental paraoeters T¡, \ gnd gr hes been 

"ãd.u"¿."'lhe'ùaln obJectlve was to create a nodel tt¿t i" ùsefulJór 
"ontrol'piriioee"and whlch should be conpact. As opposed to Eost nodels reeulting fron-on-line

,, n;dgllf¡g techniques, thls nodel ls not a,bÌack box nodel . Every paranetÊr in' the nodel has a ph¡isfcal ueanlirg whlch luproves the pþqical -unãqistanaing of
the systen and supporrs ir appllcabll.lty.
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ft" t]""oofng bçhfnd.,tùs uodeL concept l¡ ..that every Íugerfectly-ulxed
flgtd-sppce has a .ore":gençral part! rt¡lch can be consfdered as a perfectly
nlxed,fluld-space l9_ft-:. Ttrls nore
general pait can 'oä PþYslcal laws
(flgure 2 and 3). úIt¡t of the Elcro-
envlio¡nental .r¡arl r .r .

':i. : r¡' ì', ll rr ' : ll

' Tfiä 
"""orrd 

parr'oÞ ttì. systen lis very speciflc for the sPeclîlc fluld and

ln thls partlcular blo-space. It ls the relatlonahfp beÈtreen the systeEs,
control lnputs and the Para¡eters to be used ln the flrst uodel of the (nore
general) contrql volr¡ne. Tt¡ls relatlonchlp conslgte of a corplex physlcel
proccss'end' fs chänglng constantly as , fi¡¡rction of tloe and of sPece. Tl¡ls
physlöa1 process 1g too couplex to be rodelled ln ¡n ¡ccúrate or useful wey by
'a nodel'baeãd on physlcal laws. Ttre spcclflc uodel Pert 18 rodel'led wLth an

on-Ilne parameter estlnatlon technlque as a nathenatlcal fdentfflcatlon
procedure.

Ttre conblnetlon of the nodel based on physlcal equetlons (equetlon (1)
and (2)) wlth the üathenatlcal ldcntificetlon procedure results Ín a nodel
'cortccpt thàt nodels the dynanic responae of the physlcal nlero-envl.ronDent to
varfatlons bf the process control lnputs. llore speciflcally to Predlct (ln an

on-Ilne procedure) the hfgh frequcnce dynanlc reaponse of lnslde teúpêrature
'and 'hunldlty (and gas concentretfon) to varlatfone of the control lnputc
ventllatton rete V and heat. eupply Q. Ttrls !s ¡chleved by uslng continuous
r€e6ur€Eents of T¡, X1 and thc tot¡I control fnputs ventllaü.lon rate V, heat

supply Q, outslde trEperature To and outsfde huoldtty \. 'fhe oËher ProceEs
fnputs H¿', N and H, N are agsr¡Ded not to change co ¡fagt. Thls neans that
the varlablos V*, rrw erid ccv cen be calculatcd contlnuously. 'Since they have

a physical reanLng lt reans that, eB uell as a certain factor that equals thc
eLze, of Ghe control volure, there ls a known value for the .total heat flow
entcltng_Èhe thrce'dt¡enslonal control volune, tìe,parÈ of the fresh alr V*
cnterlng the. control volule, , and ttre totel ¡olsture ,flo¡¡ W{v enteflng the

control volu¡e. Gonacqucntly at cver)¡ lnstrnt lt 1s pósstrb-'le to catroul'ete the
relatlon¡hlp,,bptueen .thç Iocal -inputc. (ü¡, IJ*. rnd Qo¡) or the uodel lnPut
par¡retcrs. V*, w* and c*.a:rd the total systcn control' lnP!¡!s.V and Q. In
eddltton , Ít cen .be' , ehosn thet thcsc . relatlonships betrreeir' local ¡nd total
lnpute allon- todelllng' of the tr¿n¡lenÈ behevfour -of ¿lr , f,los P8ÈÈêrn
(Eerebans eÈ, el ., 1988, Illlnols);.' , . ì, ' I : ¡ 1'
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5 CONCIjTSTONS

Frou thls paper lt can be concluded that:

1. A nodel concept (rodel and rodolllng technique) hea becn preacntcd to
nodel the dyna¡fc rcsponss of phyalcal ¡fcro-cnviron¡ental varlebles
(Nanely : air teuperaturê; afr huúildtþr and gasconccntratlon), to varfatlons
of the control lnputs ventlletlon rate ¡nd heat eupply.

2. Ttre oodel conccpt fs bå¡cd on a natherpÈfcal ¡ode1 baeed on physical
laws ln conbinatlon wlth a uathcr¡tfc¡l td¡ntlflcetfon procedure. Ttre general
part of the elr space ls degcrfbed by eqriattons bagcd on physical laws : an
energ]t-equatlon (teuperature) end r DeEs cqueÈlôn (rolsture). Ttre lore
speclfic physleal procesa of cncrgy ¡nd .¡¡a transport rclated to the
lndlvldual fluld space and lts stâte ls nodelled by an on-llne uathenatlcal
procedure,

3. Although the uodel concept ls partly based on an on-line uodellfng
technLque, every parareter has a physlcal ,neanlng. coneequentry a deeper
physlcal understending of the proccss fs generatôd and wlder applfcatlon of
the concept ts posslble

4. Ît¡e baslc aeaunptlons for thls uodel are : the flufd is a non-
perfeetly nlxed afr apece, the control inputs vontlletÍon rate and heet eupply
can vary ln a non-Ifnear say as loat control.Iere do today.

5. Ttre Slngular Valve Dccoryosltlon ls u¡ed Èo calculete the nofse on the
leasureDcrits, and to solve the unknorrr vertables utrfch correepond to thrce-
dl¡ensfonal êneru¡ and ¡a¡g flore.

6. A crfterfon has becn preacntcd to calculate Èhe nr¡nber of teaeured
aauplce that have to be uscd fn the dåÈå-Latrlcee (one for ress-varfablc and
for the cnerSr-varlable) for Dathêratlcal,Iy relfeblc ¡olutlon to be achlcved.

tl

it .r';
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Fl-gure 2. Representatfon of the energy and mass flows ln the bulldlng volume and to thè qontrol

volume as nodelled fn thfs nodel-concept
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