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EFFECT¡YE VENTTLATTXG SYSTEIIS

Ch¡rectcrizrtion rnd Ocrign Inplicetions
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lntroduction

Them¡inobjectsofvcntilltionforoccuprntsinrbuildinglrcto
rcpltce.ord- anã contamin¡ted ¡ir in the zone of occuprtion with'ncw-

frrshrir¡rquickaspossiblc¡ndtorcmov'gcneretcdcontrmin¡nts¡cuirenent ig th¡t 'ncs- ¡ir ¡hould
Iuted' ( cont¡mintnts ' 'old' rir ¡tc: I

'air and'old'¡ir err rel¡ted to
e timc Parameter '¡9c"

rninent renov¡I proc€!8 ¡ro grncrrlly
o procct3ca h¡vc to bc trcrtod tcpl-
rcnew¡L procc!3 mly br chrrrct¡rized
, lnd thl cffcctivenc¡¡ of thr rtno-
hr 'vcntil¡tion cffectivoncss" lo
diffcr bltwcen tvcr¡9' rnd locrl con-

Srodcn hrs provrrl thrt crit¡ri¡ for
through thr r9r conccpt It'2I'

Vgnti I ¡ti on Fffecti vcness ¡nd Desion rur93

Ai r E'chrnoe Fffi ci encv and Vanti I ¡ti on Effccti venc3r

The concePt of ¡nd rrguement¡ f
vcntil¡tion process, aro trc¡tcd in
¡ir is defined ¡s thc tirnc elrpsed s

tionr ¡rc d¡monstr¡ted in fi9' t' 2

rrlturbulentf}owconditions(¡ir¡ndcont¡nin¡ntsl.rl¡prctivrly.

V/V = rn

Hhcre: V:roomvolumc
V = ventil¡tion
Ovcrb¡r is usrd

exit age

eir flow ratc
to dcnot¡ timo mr¡n vrlucs

T
e

F(tlisthccurnul¡tivrfrrctionofrirh¡vingrgrlrrrthlnorrqull
U¡ing tracergts or mer!urcing thr contrminlnt¡:

F(tl = C(tl/Cl-| ¡ ¡top-up lzt

Fltl = l - Cltl/C(01 ; stcP-down

Cltl ir thc conccntrrtion of trtcergr3 13 I function of tinr'
P
C.
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Þ
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['ft-r t

i'['r'(ilt ot , [ il - F(il| dt
Thc time-mårn rgr is the ¡re¡ between F=l

:ï,.'l;',;:";:"jlï^i"lli; Gcner¡rrv' F rtt is

<F,1il> . S(il/Sl.lI
sti.t- = ¡ttr - F.rur dr
( ) i¡ thr ¡ynbol for sp¡ce .verage;
Sub¡crlpt I ¡ intrrn¡l
Sub¡cript r ¡ rxhrust

0 1r fime

lr-2(Ti>

Fig. l. P¡r¡rlerl plug-flow showing the use of the age concept.
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Fls. 2 lurbulrnt ilow in'r vrntilrted room showing the gener¡L uso of the.ga conc.pt.

ñ¡ , Avòr¡gr'¡!,r rxchrngc efficicncy
I /(i_) r

ñ. =É'+ too (It t6rn 2(rr)
fh¡ nr¡lnun offlcl'ncy, l0ot, rr rchiovrä only for idrrl piEton frow.Itlorl nixlng rr¡uttr in only tl0t, rhih rtrgnrnt frow givcr r"rr-ii.n';r;:
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3. Flow-prttern of cont¡minrnts in ¡

of the age concePt '

vcntil¡tcd roon lhoring thr usr

Ei'fiS=f'r

Fig.

For thc contaminant
-c(C.('f ) V = r v--i' e

= contamin¡nt
tC'n e

f low:

iro¿u.tion r¡te (nm3 /¡l
thcrc r 9.

-c
C

Goncr¡ I

l7l

c <õ

l-l

(-l >

t c dcnote¡ cont¡minrnt flow

Desi on Ínoli c¡lioil¡

= Average ventilrtion effcctivonr¡s ltl

e suÞ3Crt
i
p

Sl¡fg-0!-l for dcsigning effective ventil¡ting
design for ¡ir exchinge-efficiencies ¡bovc 50I

Ur".iting zone Ies3 thrn thc ¡vcrrgc 19''

systemr is drfincd to
¡nd fof'loc¡I egc in thc

!¡¡rL'g,r_for cffrctivc vrntir¡ting ryrtcn d¡¡rgn ir d¡frnod to dr¡ign for

c. qrc¡tcr thrn t ¡nd for low¡r soncrntr¡tion¡ of cont¡ninrnt¡ in tho zono

ãt ã"""tiiion tnrn thc room rv'r'gc' fig' 3'

NotethatthecondiÈionsinthc¿oneclosctoÈå¡contaninrntEourcr,
crnnotbeproper!.ycontrollcdby.genorelvcnti!'ation.lfthrn.¡rzon.
crnnot bc kept ori or'thc brcttiiãg tonc, locrl crirninltion tochnic¡ hrvr

to be aPPIied.

fhr. displ¡.cçment flow pfincipls is thr mor! "rri!1:i: 
otçiql pri0-

( a ,5,5l f or ventil¡ting syltcm f or two m¡in r..3ont: . ::i .q
..?È

.\1,

ciplc

l.ttimprovc¡thg¡irronewrlandcontrminrntrcnov¡l¡9rrd

2.It¡s¡i¡tcinmrinttiningflvourrblcconc¡ntrrtiongrrdf¡nt¡
of the contaminantl gcner¡trd ln th¡ roon'

Pt¡tonflor.Thrrrlf.3.Ytrrlrlyrofrcconpllrhingdi¡9lrcr¡ont
vjntirrtion in ¡ vrntirrt¡o roqm. fh¡'no¡t obviout on. i¡ to ¡uppry rir

throughonoturfrccrndtooxtrrctÍtrtthroppo¡itrlprrlll¡llflorl.
Ihi¡ principlo r¡quirc¡ thlt di¡turb¡ncot ltko bouyrncy forcr¡ rnd non¡nt-
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ur flux.t fto¡r cont¡nlnrnt tourcot h¡vc to bc ovcrcornc by thr piston floç.
Prrctlcrl rxprrbncr hr¡ ¡hown thtt thi¡ requirec a piston vclocity from
,2J nll rnd up. Yhr prlncÅplo tc thrrcforo rir con¡uning rnd of high cost.
Arrr¡ of of rppllcrtlon of thl¡ principlc 1¡ clrrn roonr ln ho¡pitrl¡, rI-rctronlc rnd tprcr crrft lndurtry rtc. Furthor di¡cu¡¡ion of thi¡ trchniqu¡
1¡ lcft out hcrc boc¡uro thr ds¡ign principle¡ ¡hould bc fairly well known.

fhrrmrl stretiflc¡tion. Practic¡l design principles for dlsplacement
vontilating syrtemc for normal us¡ i¡, rethef than to ov€rcome n¡turaI
forccr, to utilizr buoyancy, momcntun fluxes fron contaminant sources etc.
Thc diopl¡ccmcnt direction can either be vertical-up or vertical-down.
Vcrtical-up flow direction is accomptished by supplying ventilation air tothr zone of occuprtion with a lowcr-tenperature than the temperature inthi¡ zonc, tnd to cxtr¡ct it at ceiling level. Verticrl-down flow direc-
tion i¡ rcconplirhed in the opposite wry, i.e. by supplying ventitationrlr undrr thr cril.ing heated to r tempcrlture abovc the tempcrlture in.the
zono of occuprtlon and extr¡ct it ¡t floor level.

ln rpplying vcrtic¡l up dirplrccrncnt the air is fi.lling Ule room from
brlow duo to grlvity ¡nd'older' air is displ¡ced upwards. Any, heat sourceln th¡ lonr of occuprtion çrrrtc¡ convectlve currcnts ¡n¿ coålributcs tocrrrying thc ¡lr to thr upper zona. tn this way a temperature stretifi-crtion will bc formcd creating tro more or less distinct flow regions. lhe'ncw'¡1r ¡hould rprcrd through the zone of occupation before being car-rlrd to thr uppcr zon..

To mrintrin' th¡ bc¡t ¡tn¡tific¡tion effcct, all c.onvective plumes
rhould b¡ frodrd by thr ¡uppllcd 'nlr' ¡Ír to r hcight equet to the hcightof thr zonr of occuprtlon.... Condltlon¡ impriring the ¡ir exchrngr ¡ffIcl-rncy rnd thr vontllrtlon ¡ffrctlvrn.tr ¡rc downwrrd convcctivc current¡rlono ¡urf¡c¡¡ thlt rr¡ cold¡r th¡n thc ¡ir in the room. Undo¡.feeóing ofthr ugsrrd currcntt c¡utar th¡ ¡enr cffcct. 0owndraught from the upper
zono r¡duc¡¡ thr rff¡ctfvonl¡¡ ¡nd, rt the sams tine, the neces3ary requi_roñ.nt oç v¡ntll¡tlon llr to h.æp l ccrt¡in str¡tific¡tion height. Thevrntilrtlan rfl¡ctivone¡r i¡ rt, ltr highcst when rll plunes carrying con-t¡rin¡nt¡ rrr fioring dlrrctty to thc ¡xh¡ust.

ln ¡pplylng vortlcrl-dom di¡plrcon¡nt dlrrction it it important tob¡lr ln nlnd thrt thl¡ þrlncipl¡ hr¡ to ovrrconc rrr covcctivo currcntsfron hrrt iourclr. Tñl prlncipto i¡ ¡dvrntrgcr only phrn th¡ m¡in cont,r-nlnrnt rourc.! ¡r¡ dtn¡¡r,thrn thr-roon rlr, .rc locrtcd m¡ínly brlos thcbrr¡thlng zonr ¡nd thrr¡ l¡ r ninor ¿ffcct from hc¡t sourcet in crrryingthr contrninrntr uprlrdr. tf thr prånciple works rs it should ¡nd thers islittt¡ c'ontrnlnlnt production in tho uppcr zono the breathÍng zone shouldbr drrlgnrd to br ln thr upprr zono.

Crl cul rtl on_.o¡o.ct-drrr¡

llo-ronr rodrt ,lt lii¡ lEcdn Jurttfi¡d. l?1. to brlc cr.lculation¡ fo&d¡¡lgnlng di¡pr¡crmrnt vonti.l.¡tl,ng eyrtcmr on e two-zone flow moder, fis.l' An hportrnt prrroqulrlt for thc ó¡rcur¡tioi¡ io wt¡i il-ir'.rru*dth¡t Éh¡ rlr rnd contrnlnrnts tre wertr nix¡d rithin eech zone. getween thezotlo¡ th¡ rlr r¡crrcu!.rtlon i¡ ehrrrctrrlzcd through thc air exchango.p.r.-
ï::":' il. :l:;,i::'ii;: :i.ifryli; ll:."::.;::l;l,i':i,:ii:"i"i:_i.i;or thr rrr¡crrvon¡¡r¡i rhu¡ c¡rcul¡rrer .r. g.nlliiiy ;;;r:;ä;i;., i...thry trr lo¡or thrn ln thr prrctlc¡I cr¡¡.
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Fig' l. The two-zone ft'ow ¡nd diffurion modc

The b¡tic cqu¡tion¡ ¡nd formul¡¡ fQr c¡

effective";;;;t ' 
'givcn in'fi9' f ' 'rc' 

beted

cqu¡tions:

9,,
i r2r = Tï- n

I showing thc mlthcnrtics'

Ieul¡ting conccntr¡tionl r¡d
ãn tnc fotlowing n¡s¡ bllrncr

tsl

,y-xrÊr 
Z ,' 
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Ihrrc: 0

rlt-'r
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!urplut h.rt.
= Fr¡ction of tht lo¡d thrt i¡ rrlr¡¡'d in

= Fr¡ction of th' room volunr brlonging to

t-x{ÊtZ
-n l-x

to th¡ roon of ¡ithrr chcl¡ic¡I contlniflrnts or

lonr 1.
zon. t

Tho prrrmrtlr¡ th¡t drtorñin' th'
sir .xch¡ng c of,fl.cirncy ¡ro F î
ßnd x. Thc conaentrrùions rnd t

2,0

hr

vcntilr t ion offrctivanatt ¡rol ln
¡dditi.on to above Ptrrncttrl ' dr-
tornincol bY I rnd Thr rirô,.

n
oxchrngr lfficirn cyr nd thc ¡rtio
brtwran rvar19! I90 r,nd locr I rgr
are shown in fi9'5 l¡ r function
ofF for diffcr¡n t vrlu¡r of T

t2vrnThr tiletion cffoc tivrnr¡l lnd

thc rrtio bctrcrn ¡vrr rgr rnd

loc rl conccntr¡tion¡ I locrl ilcln¡
thr zonc of of occuPrt lon, in

i}f

I grncrrl zonc 2l rqe givrn
6 rs r function of p for
rrnt vrluos qf' ¡ rnd I .,Thott

tiircö" olf,igurc,t ,lhor''t\o riFPor
det¡r,t.lining t'hr ¡,i.r rxchlng¡.

A¿5 botçcrn th. ton' !, r¡ rlll r¡ thr

zon¡ modcl. Curvo¡ rhowing ¡iz¡ of thr zonr¡ - rnd thr lord

hr ¡ir cxchlngr rffici¡ncy' d1¡tribution ' Onr mrin t¡¡k for
tho d¡¡ignrr i¡ con ¡cqurntIY, ín
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ôn, to d.torilinr'Frr, r rnd 0. According to whrt i¡ prcvlourly mcntioncd,

thlr problrn ntlnly contirt¡ of drtrrrníning thc convcctivc currcntl rnd
tho ¡ourc¡ ch¡rrctrrf¡tic¡.

zLO

Convrct{vr flour- R¡lcv¡nt fornulrc
convoctlve currcnts are, for thr purposq
crtion hoight¡, thc following:

for crlcul¡tion of flow r¡te¡ in
of e,y?Iurting F,, and str¡tif i-

Polnt h¡rt gource¡, norm¡l tenperrturer:
gk 

'o , oi ol/3 ¡x , 
"o 

i5/3 trl I s.l.

Linc hcrt sourcc¡, nornalitemportturos:

9k '0, t, Ul"(x + xol (m3 /c òg m ¡ouicc lengthl

Convrctlvr curr¡ntt ilong coolrú/hö'r'tod ¡urf tc.!, norm¡l .te¡npor¡-
turr¡, t' ì

width I

or goint origin (ml.. ¿.m/t t

¡ir ¡nd ¡urf¡ce lKl

qç'

Ir0l

lil¡

(t2lor = o , o rrt i, orrril; { xl '' , kf ,13 os n

= convcctiv¡ h¡rt output (kHl
r conv¡ctlvc hcrt output lkI/ml
' vrrtic¡l di¡tancc from source lnl
r v"rtle.l di¡t¡nce to virtu¡l line
. ¡cc¡lor¡tlon due to gr¡vity 19,8f
n tlmporltur¡ lXl
' difforrncr Ín tonprrrturc brtw¡¡n

ha 5

9,.qk
x
x

9p
T

ôTr

2,0

4

7,0

,l"5

G5

1,5

00 ,, &z

Fro:rtl 'Tro¡ron¡ ñùdot; curvcr ¡horiñg Èho vontil¡tion rffoctivenos!.
,Avrrrg¡ rnd locrl prrfornrncr. x r 0 ¡ y s l.

ln addltlon to convrctlvo currrntr cotnt non¡ntun fluxo.s from contr-
rlnrnt tourc.t' lrñlch nry br l<lontlcrl to convoctivo current3, tikc pcr-
.on., ñot lndu¡trl¡l proc.tt.. ¡tc.l, or norn¡I rlr jotr, (lc¡krgc from ¡.
prrrrurlird v¡¡¡rll.

co¡lng to th¡ ¡vrlurtlon of O, tlvlrrl condftlon¡ h¡vr to bc con¡ld-
0n¡ ¡rln thlng 1¡ to loc¡tr thr zono rhrrr tho contrnlnrnt¡ rrr

\\\

\ffi;
\s\

\",I\

I

\
\
\

lr3

ñ

----:

rsad.
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.cturlly rpr.¡d. Thi¡ mry not b¡ th¡ ¿onr ¡lrcrr thry rrr producrd' A fcI
cont¡¡nin¡nt¡ cerrird in convr,ctivo

ng 9Iuñ.3 rtc. t. or clrrþd uprrrd¡
urcc. In thr¡r cltt¡ no¡t of thr
zon¡ rnd hcncc 0 rPProrchcr t '

Thenostdifficultgitu¡tion,evllu¡ting0,i¡inclt.'rhorcthr
cont¡ninrntg are emitted scrtteicO or thc sourctt crnnot bo proprr'ly

dcfined, Iike for inst¡nce redon, formrldehyde or othcr typc'of outgrring

frombuildingmaterialg.Inmrnyofthcscc¡'.3lmryb.3.tto0.5.
xcutr¡I emission in thc zone oç ôccu rtion of cont¡ninlnt¡ hrving I r.rk

rctult in I lpprolching zero' ln ¡one

urrcnts. propcrly dcsigncd' mly carry
upper zonc, rcrulting in I ¡ppro¡ch-

crabIY influoncc on thr outcomc '

llc¡koi.ìnegatÍvecontaminrntbuoyancy.rhlrorl¡othrthlrn¡lcondi-
tions in thc roã".re t¡ken into tccount. lr. citu¡tion¡ rhorl vrrtitrl

downdisplacemcntshouldbeutilized.Properlydcsigncdthrzonrofoccu.
pation,i.e.thebrcrthingzonGImrythcnbrloc¡todinthrupp.rzonc.

ll¡thod¡ of Air Suoorv

Throuoh a norous fìooÎ' ThÍs is thc bo¡t r'ty with ro¡plct to

rcrodynami",.no"o'lo,t.Supply-airvclocitic¡¡rcvcrylor.Andth¡
dirpltcemont ¡ffcct i¡ at it; bcst' Thc n¡thod i¡ in mo¡t c¡t'!

pr"liiia"d of rithrr prrctic¡l or rcononic r'tlon¡

zLL

Thrgc ncthodr .re e¡3y to derign rnd ePPIY' Co¡non ¡ i
An imPortant critcr ion i¡ thrt the vrrt ic¡I thror

r-jct throry lPPlir¡'
( pcnctr¡tion hcight I

cuprtion. Notr thst

thod c.usos intrn¡r .qiring
th ¡nd ¡trbititY of ¡tr¡tifi-

¡hould bc no hlgher th¡n the lrcight of thr zonc of oc

thc jete will d¡cccle rrte duc to grrvity

A nece¡sltY is thrt thc jct zonr rr drfinod r¡ bring out¡idr tho zonr

of occuPr tion. tn ¡omc ca8t3, howover' thr l et zonr mrY bl u¡rd ¡¡ loctl

cooling ¡ir-douchcs ' Ihc tempcr¡turc gr' dicnts outsid¡ thc jrt-zonr rrr

grncrrllY sn¡Il ¡nd f ¡vour comfort. Thc mG

turbulcncc ¡nd illY, d¡p¡nding on thr ttr'ng
c¡tlon-, imprir tho von t:ilrtion rffoctivrn'tl' including tha hrrt' rrnov¡l

effectivcn¡s¡ rith rP.0 ird to, ¡u fplu¡ hcrt

fhr

outlet P¡rt of thr diffutq.r nlY cithrr br r Porou¡ PI¡tr Iikr r filtrr n¡t.

or, a prrfor¡t¡d Platc' A chlr¡c trri¡tic f¡rtur¡ with thi¡ nrthod f¡ thrt'

the nrg rtive buoYrncY in thr ou tftow cut.! r dornrlrd ¡cccl¡rltion rhich

incror s .i th'c ¡-ir vclocitic¡-rt ,.floor lrvrl rnC "nty c ruro drrugh.t. U.1ur |]v,,, ,t

thr ¡uPPly velocity chould b¡ lorrr th¡n thr uPP¡r lini t for confort.

othor fcr tur¡'i¡ ¡ vcrticll tanPcrr ture grrdiçnt th¡t ÇtY br unf;vour¡þlr-. ..

lf thc convcctivc pluncs ¡bov¡ thc h¡¡t tourc" i¡ dumprd in thr

uppcr zonc thc tcnPo r¡ture grrdicntr ln thq zonc of 'occuprtion çould br

¡mrll'.r'In thc clorc Pro xinitY of thr floor thrrr mrY bc r rrdgr of ,coolor

rir', 'ölPrnding on thc cooting lo¡d imPo¡¡d bY thr rYrtrn' U¡ing Porfo-

rrt¡d Pl ¡tr¡ rvln¡ out thi¡ wcdgc' Th. ¡rn. offrct i¡ obt rinrd, rntrlining
rntytlrr of roon rir l0l,I¡rgr qu rpplylng ¡Prci¡l nixlng rnd/or indubtlon
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drvlcr¡. ln rddltlon, ¡uch drvtcr¡ ¡l¡o ¡trrl.ghtrnr out thr tcnprrrturlgrrdirnt ln thr zonr of occr¡p¡tion. Thc lr¡t cffrct¡ improvcr 
"årto"t butunfortunrtrly. It rl¡o gonrrrlly inprlrr¡ thr ryrtrar pcrformlnc.. Thotarton for thl¡ 1¡ lnr¡t¡rd turbullncc, rl¡o incrrrring thc intr¡inm¡ntfron thr upp.r zona.

FÇrfor¡nrncr docunent¡tíoJr of ¡irjiffu¡ion devicg¡ should contain therfollowing informetion ¡r e function of sÍze .no ero* rate:

- llrx. v¡loclty in thr nc¡r zon. of thr jlfçur.r.r.
of thr tcmpcrrturc diffcrrncc betw¡on thnupply rirrlr tcmprrrtur¡ l, I m abovc floor lcvcl i

- fhr ¡1zr of th¡ nrrr zonc Including i¡ovol cnvelopc.

- fhr rrlrtlvr tcnpcrrturc inci'brsc fn thc nr¡r zonc.

- Pro¡¡urc drop ¡nd noiee generrtion det¡.

: Rrfç¡inssr

I I l- Srndbrrg-, t{. rni s jrucrg, H. Thc'urç of r{omrnts for As¡csring AlrOurllty in Vcntftrtcd Roon¡. Euild.& Envir. úol. tB.No. { pp. tOt-9?, t903

l2l sklrrt, E. A survry of conccptc of vcntil¡tfon Effoctivcness. gpenSintrf Rcport" Tho liorrgi¡n In¡titutc oe fcciioiorr. STFTS AO{057.

Itl Sklrot,, t. yrntfl¡¡jonrrffrktivitcú og effektiv vcntilrrjon. vsr,Flnnlrnd ltr. i t 9CT 
^

lll Sklrct, E. ¡nd ll¡thi¡on, H.H. vcntil¡tion Efficicncy- A Guide to :Efflcirnt vcnttr¡tion. ASHßAE rr¡nr¡ctions r983 vor.89 pt.2A & I pp.{80-95.

l5l Sklrrt, E. V¡ntltrtlon by Str¡tlfi
Añr! , lort ,llry 30. - Juno 3 . t gt3 .
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RESUHE

l
IUTËAET

Subrtrntirl tort on vontllltion
ay ¡nd Srrd¡n. utlng trrcrr 9rr
nrth.ñ.ticlI conc'ptt' Tho

r th. nrtur¡ of, ¡nd hor to

ch¡r¡cterize, by using tr¡cer gar trc ' thc flow of vcntilrtion rir
lnd contaminants ir,roust, ¡ ventil¡tcd roon. 0i¡pl¡ccmrnt flor i¡ provod

to be the best flow principlo in vcntiùf t1ol in. rttdi'tion to thrt thc v''n-

ttt¡tion rir tn gcncrll shòuld bc ruppliod to thi zonr of occuprtion: Thr

drrignproctdurc¡h¡ll.rmongothcrthingl,conttinrcont¡min¡nt¡ourcl
rnrryrcs in oroir l¿-ãirre" itrc,r¡ntltrting ryrtrn to crrrtr th¡ no¡t

f¡vourable flow p¡ttern'for the ctiht¡rninínt¡. thc prpcr dc¡I¡ rith do¡lgn

principles ¡nd pio¡lcns rclrtcd to dirpldcrìtcnt v¡ntil¡ting lyrtrrnr'

Dr grrnds trrvlux ru rujrt
ivit en Norvòg¡ ot ¡n SuÒdc'

3tt.rv¡ntdctechniquc:degrzltrrceurs.b¡¡ó¡urdc¡concrptfondr.
nent¡ux dc l'¡ phy¡iqu¡ ct dc¡ mrthrnr
rctucl¡, nou! donnent I¡ n¡turc ¡t lr
t¡chniqu¡r I 9rz¡ trlccur!, 1¡ courr
cont¡minrnt¡, å trrvcrr un' chrnbrd'v
¿;;-;;;;;i ¿ir" re mcilleur principc dr cour¡nt drn¡ lr donrinc d¡ lr
,.itii.tion, dr pr,' c-o." r" "ou.il o'l:'ol;"Ïlt::':i:lt?:::[ì|i'i;lt.:""

ll ¡ourcr contrninlntc rfin do

l¡tion pour rin¡i crÓrr l¡ forriÓ dr
n¡ntl. Cr tr¡vritl¡ rbordo l¡r

principes d¡ plrnific¡tion ¡in¡i cur Ir1 problÒnr¡ drn¡ Ir¡ ¡y¡tÒnr¡ d¡ 
,

vrntilrtions å drpllcrnrnt. rr,r. ii

" ruRzrlssuxe ,..r1

Roichtichr Arboit ruf d¡r
in l{orwogcn ¡oric in Schwodcn

¡uf den 9¡'undi,¡grndrn Konzrptr

g¡lei¡tetdcrPhy¡ikundH¡themrtikbcruhcn,durchgcfúhrt.DrrJotzigr
St¡ndForschungistdrswir.mitdcrHilfed¡rG¡z.trrcrr.Tochnik.dil
N¡tur und die Karrkteri¡tik dcr' Strömung von Vontilrt'ionsluft þ'z'w' dor

vrrunrcinigungen durch einen R¡um bestirrnen kõnnen' E¡ i¡t bcwir¡rn

wo¡den d¡s verdrengungrventilation d¡s bcste- Strômung¡prinzip bozogon ruf

vcntilation ist, besondersr drss dic Yrntil¡tionsluft' rllgrnrin rn i

bc¡etzten' ionen'zugefúhrt wÒrden ¡oll. Ocr fu¡iur19v91elÃþ rird tintlr '": ;1'

lndercm, cin¡ Anrlyrc dcr Vrrunrrinigung:querfritrrtt¡öfirn' ðþ rin' rr

v¡ntit¡tioneoystem¡uswurf der dir m¡i¡t vorteilhrftr Strömunglbildrr dr¡

Ycrunreinigungcn crzeugt, !ch¡ffen krnn. oie¡o Arbeit bohrndrlt ru¡rurf¡-
prinzipe und Probleme dic mit dcm Verdrengungrventilrtion¡lyrtrn vlrbund¡n

¡ind.




