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ITWTRODUCSION

In recent years ôue to iacreased sa¡rtta¡y-\ygie¡¡.i.c a¡d.
technological requi¡emeats for i¿dustrial e¡rvi¡o¡ment a¡d
to tbe co¡strucùioa of lar6e integrated. productloa d.epart-
mente ventilation systens have co¡siôerably growzl 1¡ size
a¡d becoue aore eopbi.stisateal. Greater iryortaace i.s being
attacbed, to mecba¡lcalLy operated ve¡tilatloa Byetems.
Unde¡ s¡¡ch circu¡sta¡ceg tbe problene of ration^s-I air eupp-
ly and j.ts effective utilization i¡ veatilated. epacea cure

becoeing uo¡e and mo¡e vital,.
lbe cba¡acteristics of heat, ooistu¡e and co¿tasi,na¡ts èis-
trlbution wltbi¡ ve¿tilated. aBè air beated spacea are de-
te¡nined, BaiD.Iy by tbe geaerated air streams, whicb la
tbelr tura d.epend upoa tbe accepted uetbod of air-erchan6e
aet-Up.

¡IAÎIEI¡IÂIICA¡ ¡PIBO¡.CE [O DESIGNII{G IEÂE .A¡ID ÂIR
EEGI¡IE IN A gPAqE

Jet streaas j.a a ve¡¡tilateè space affect significaatly the
circulation pattern of tbe air cu¡rente a¡rô eontribute to
beat ancl nass traÄsfer ln tbe space thus playirg aD J4rort-
a¡t pa¡t not only f.n ôeterninl¡g tbe veLocities a¡è teuBe-
ratr¡¡es i¿ the ocoupation uoae but al.so in aolving var{'ous
problens related to heat a¡ô alr regime ln übe apa:ce /11.



363,

In order to calcul-ate thi s regiroe a procedure for const-
ruedfug'i"apbiox eùticai nodelË hãs been d,eveloped..
Sush liôd.els :a¡ òr ueat 'å¡d r""" uiance equatià:rs
applicable to oh¡nes cr¡d'st¡¡faces wb,icb ta.te i-nto
accou¡t a great nunber of factors foming the environ¡nent
in a ventilated. space, sucb as the d.istribution of excess
heat a¡d. heat Losses tbror:gh d.ifferent zones in tbe space¡
the che.racteristics of iafJ.ow a¡ed convective jets; tbe ope-
ratj-on of the local- exhaust ventilat*.-o.+ systegs, air
showers anä-iiåatiag systens'; iniiltration and inwa¡d. leaka-
ge fron tbe ajacent rooms i/¿;r/.
At tbe preseat stage of scientific developnent approxinate
mod.el-s allow to perforn integral evaluation of above fa9-
teir's atfecting the, beat a¡ì aJ.r regime 5.n a space, which 

.

is still iy'rFossibLe to.,,do to-d.qy,wi.tb thé heJ.p of more;
sopbisticated and. preoise, mod.elE.based on-the solutio¡ of
Naviersstokes equations. In tLis sen¡¡e approxirnate ¡ood.e1s
posses cþrtaia advantages ov¿)r préelge mod.eLs. '"ì

Â¡[ rrrr:î"pr,n otr¡ a¡; ¡,I'IRoxI¡{a13 x1¿lr{rnll{rIca¡ MoDE!

A de"sign $aSran of.tbe¡uaL-a¡d air proceg,se-6 wbJ.ch occur,,
in a¡ eacl-osed. .spaci ip ti-rg casg* of ai.r FuppJJ,:with vertj.:. .

cal jets i.s sbown as an eremple in Eig.1. Ihe correspoaèing
¡natbenatical. úodel (tbe principal systeu of equations)
incl'ud.esiheat and' airrÜäLa¡ces'f'ôr' five Speôit¡.Ë vôtr¡neË' 

;

(I'"- ooðuÞation zore'i II - inflo'f ¡èt¡ lÏI::Ìcireulation":
zoller¡ fV -rconvective jet above the heat sourcei V - coD-
veetive fiow' at t¡e waII) aird tro constraj.¡t "åquations.
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cèiIing.J:r: "

Á,fter transfo¡oi.ng the system of equatio¡ls,al¡d elinioatiqg
¡¡9 ,,t,known values atc ana "tri its augnented matrix
becomes:
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t"t
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'l o 0,,

0 q -q 0 0

rn netrjx: (1) ' a ' max {'C"*tr. , , Cn} ;

QÏ,'=rC¡otx * cG,alà, ot,"i1 r Q¿r*}r¡ *80,*Xo, ¿t*t,,

lup,=cCinf ato¿,r., * cGodjaz o,þ¿¡' -(! ?)q"+ Zup, n(gr*!nit)at*t,

C - specific heat of the sj.r.
llhe nodel descrlbes beat a¡d air procesges iu a epace in
tbe case of vertical aj'r supply oonsid.eri¡S Iþe relation; 

"

s¡iF between tbe paraneters taken into accodät itr accbr*
da¡ce with tbe èiagran i-a 3i9.1 wbicb affect the fo:mation
of beat a¡d alr regiue ln the space, nanelyr 8or.,Qrp..-r8"-

wafil flow and. ia tbe bai¡Jc flor; '0r¡- - heat .êouäumption

for ai.r showers¡ Q¡ - beat consuuptlon for the heating
system¡ err,, e afz - .grr fttrws'from locaf).ercbauste¡ Ci F- -

'.1:l , ',-... ì .; .. . . :. . r, -l .

(r- z) o,



cba¡acteristics of
b*ïiop^ equipneqt..
lbe u¡k¡own values
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the jet flows fo¡ned by the air ùistri:
;a/. I j. .- " 

,". I + _.:,

j.n tþe, system of equations.(t) a¡e .; ,

for¡¡d. from Cramerrs fo¡"Br¡Iae:

atoz=f ; Àt.,t,=f : atoP== -d-
d

(2)

wbere, d - èete¡ni.na¡t of tbe systemi d¡ . .. . . . d5 -' d.ete¡nina¡ts obtainetl by substitutlag i:r d
a colr¡,¡n¡r of absolute terns for tbe first . . o

fiftþ gslrrmn, respectively.
Uslrg'these matbematicaL uoôels oo.e ca¡ solve various
problems rel,ated. to the design of beat and air regi'mes j,a
ventilated. spaces.

DEIER¡IINAIION O3 .ûIR-EEOEAT{GE EATE

Dete¡ni¡atioa of scie¿tlfically'grouaôeè anor¡¡t of ib#low ¡'

d<"

d
t"oLJ , otr d

d

ù, Çobas become o:re of tbeir naiqr applicatione:

r - f -?-Go.r.oto.ì(.ro- tso.z' ^l,t +

where tbdìair excna¡gè coefficient '

:ir¡

G)

'' ,:: , .,t, H..

.: r,.1. . . ; .1 . -:.

,EBINCIPIJEè9,.O3.-9TI[TJ[Æ/¡üI{EOUS DE'S.IGNIMi ; :,
ÂI8-Ðrc84NG34 AND ÂIR DIS[nI"BI4IoN .. .^ : :¡ ì

¡¿atrlx (1): rscl$<ieg tbe p"""t"t"qs'of. ¡g! fl9ù" C¡' 
"ila,,F,' ,.i

wbicb depend upon tbe üype of aj.r dletributio¿ equipneat
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cha¡actetized. by the veroci-t¡i. coefficieat Ír aad jtempera-

ture coefficient /l ¡ its d.esign a¡:ea fo ; tbe d.i.sta¡ce
between f a¡d. the oocupation zonei.the data cha¡acteri-
zing tbe d.egree of ,co¡finenent a¡ä n'on-isothè:mality of
a jet. - r.

lhus, in ord.er to calcr¡.Iate alr sxsþ¡nge rates aeed.s to
k:¡ow a ¡r¡.u,ber of pararneters related. to air èistribution,
such as the t¡>e, the rrirnsnsiplxs a¡d the'û¡¡nber of i¡fl,ow
air supply d.evices a¡d theÍr locatj.on, wEicb, in their
turn, are j-mpossible to fi-nd. v¿t¡qút knowing f, .
Cl-ose reLatiorisbip betweên air excba¡ge a¡d. ai¡ ¿ri,stri-
bution is obse:wed. wben soJ.ving aII probì.ens coÃcer:aing
envj.ronmental paranslsss¡ rrnì form d.istribution of velô-
cities a.n'd tenBeratures actoss tbe space a¡ea¡ circr.¡la-
tion patteros of alr cu¡rents¡ the extreme paraneters
for a jet entering tbe occupatio¡t zone, etc.
It can be concl-ud.ed. fron tbe above tbat coasid.ering the
present LeveL of d.evelopmeats ia ventiLatio¿ science and.
researcb the ce'Lcu"latioas of the anouJxt of i¡fLow ai.r a¡d.
of its ùistribution,.tbrough .,a¡" encJ.ose4 epace sbould be
j.nte¡re1ated.r.. .that,isr.,the principle of sinr¡J.taneous d.esig-
ning air 

"¡gþange 
a.4d: ai.b ôistribution schenès shorÈd beI - iÍ.i

a¡tplietl /4/ . " .. :. ... . --,
hactica-l ¡ealj.zai;ion of tb,is princiÞle; is .sbov¡n i'n tbe
block d.lagran Íä Fi¡à-2. '

The reLations for.nd. betweqn tbe sol-uti.oas of:air excha.uge
problens a.hd :,I.!o S-è: 9f ai.¡ ditrfiþ.uti o:¡ rviü,cb_ dh-a¡"ê. qt ç rj. ze
tbis principle 'are, j.q{j'cated. _ia th-e giagtäh T¡itE: borlzon-
talLlnes. . _,
[be ¡eatization of the proposed prj.nciple allows to n¿ke
a.a opti-nal cboice of aj"æ exgha¡ge schemes a¡d. nethod.s of
supplied. air clistribution J'a a ventil"ated BpBceo
lhe nathenatiqaL modeL wb.ich allovrs sinr¡J.taneous d.ete¡loi-
aation of air excbalge rates a¡d air d.istribution d.esign
i.ncJud.es¡ : ;

- approxinate mod.eLs of the¡naL a¡d. air ptocesses in ven-
tilated. spacesi

- Laws of jet flows behaviour;
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a Dìr¡¡¡ber,o-f restrictlop,s ,(li,rnits totlfx ,ut. ,Uo yai.:ueE, ,.

etc..);, ;;
- ¡elationships describj-Dg specific pbaracter of tbe ven-

tj.Iation process (ens¡uing tbe d.esigned. clrcÈla'tion
schemes, etc.). i.
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fhe;nathenatical problen eonsj-sts. i¡ fj.nùing a solution,
for a systen whlch incluôes .Li¡ea¡ a¡d no¡.Iinea¡,_algeb-
raic eguations:-a¡d a._nunber of i:æqualitj,es. The ¡oetb.otl
of successive approximatlons,:i5 ugeô,in the soLutign with
sþtsinì ng one or several. resìrlts which wo¡:ld. satisfy tbe
fo¡nuJ-ated. problen. [he¡e'a.re,eaqgs. ho,weger.whe+- tbere ca¡
be asi.solutioa for a system. r

Upoa optìnizin6.the resufts. of "rtbe calcr¡Latiqns oû tbe ba-
sie of' some inùices (tbernal and.:electrical powet,sonsulp-
tÍonn, itetal.:d.ema.nd., poseibilitÍes" of utl-Iizipg tbe beat of
the extracted air, structr¡raL a¡d other features) tbe nost
rational. va¡iant of organizing ai.r exchahge and ai,r èi.stri-
butioa in ari encl-osed. space_ is-¡a¡rive{ at, using tbe sys-'
teu innl.ysls proposed' bJr,.A.A.R¡mkevic!.., /5/¡c. ..:: .

[he d.e scrj.be d., ¡nethod.ol o6i c aI . approach ¡.,þas, ;been " re ali ze d i¡
ft¡J.I ¡oeagrue in a ptogran systern f or a computet /6/ r.

E,O}TCIJUSION

.'.1'..'

À proced.ure for co¿structing approrinate matben¿tical
mod.eLs ôesj,gned. to d.escribe heat a¡d air processes in ven-
ti1 s has eveloped. which al.lows to take,'-:::'
Lnt a gre e¡ of factors affecti¡g tbe fo¡s
mat iroor "".iË ëü"s" roaels ogã of 

:pri.n-
,i ,': r' - :_.. -..4- -:.. 

.cipal vq-nt¡l.stign proble1l h"" b:?o s9trqd., ,llet,.,?l,scien-
ce-baseö dete:¡n1¿ation of tbe a¡or.¡¡t of idlow ai3 Tequi-
red,. 

' ( i

lhe necessj.ty of sirnr:J.ta¡eous solution of the problens of
air-excba.nge a¡d alr èlstribution has beea substa¡tiated.,
which need. usj.ng a computer in order to be realj.zed. i¡.
fu].Ì measure.
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