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Sammanfattning av resultat fran projektet -
Total kartlaggning av luftrorelser i ett 
kontorsrum" 

Mats Sandberg 

Inledning 

Projektets syfte var an: 

1. Genomfora detaljerade matningar av hastighets- och temperaturfalt i en 
normalt kontorsrum med bakkantsinbl!sning vid olika driftsfall. 

2. Genomfora datorsimulcringar av motsvarande fall. 

3. Jamfora resultat erhfillna frAn matningar respektive simuleringar. 

Matningarna har genomforts vid Statens Institut for Byggnadsforskning (SIB) 
vid Laboratoriet for Uppvarmnings- och Ventilationsteknik. Simuleringarna har 
genomforts av Henry Larsson med det kommersiella programmet Phoenix. 

Henry rapporterar sina resultat (punkt 2 ovan) i rapponcn "Simulering av 
bak.k.antsinblasning". 

Denna redovisning innehfiller resultaten frAn punkt 1 och 3 ovan. Projektet har 
ingatt som svenskt bidrag i IE.A projektet; Annex 20 "Air Flow Panems within 
Buildings." Inom IEA projektet har representanter frAn flera lander genomfort 
bade matningar och numeriska simuleringar pA en rum som ar identiskt lika 
med detta rum. I denna rappon rapporteras endast resultaten fran matningarna 
genomforda vid SIB. Sammanstiillning av resultat och slutredovisning frAn hela 
det intemationella IEA projektet Annex 20 kommer under hosten 1991. Denna 
slutredovisning kommer att ge en battre underlag for att kunna bedoma med 
vilken precision man kan berakna hastigheter i rum med hjfilp av simulerings­
program. 

Resultatredovisning 

Resultatet frAn projektet redovisas i foljande delredovisningar: 

[ 1] LuftfOringsprinciper - en teoretisk och praktisk bakgrund. 
Mate; Sandberg 

[2] Case Studies. 
Mats Sandberg 
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[3] Research Item 1.16. 
Measurements of testcase B (Forced Convection, Isothermal). 
Claes Blomqvist 

[4] Research Item 1.17. 
Measurements of Testcase E (Mixed Convection, Summer Cooling). 
Claes Blomqvist 

[5] JamfOrelse mellan matningar och bcrikningar. 
Henry Larsson & Mats Sandberg 

Forsoksrum och ventilationssystem 

Forsoksrumrnets volym var 37 .8 m2 och hade f6ljande mdn: 

Langd: 4.2 m 
Bredd: 3.6 m 
Hojd: 2.5 m 

Fonstret hade bredden 2.0 m och hojden 1.4 m. Ventilationen var arrangerad som 
en konventionell bak.kantsinblbning med tilluftsdonet placerat pd bakkants­
vaggens centrumlinje. AvstAndet mellan tak och overkant donet var ca 0.2 m. 
Tilluftsdonet var av fabrikatet HESCO och var forsen med 84 stfillbara dysor 
(diam mm) placerade i fyra rader. Dysoma riktades 40° uppAt rak.nat frAn 
horisontalplanet. 

Yid placeringen av franluftsdonet frAngicks den konventionella placeringen och 
franluftsdonet placerades pA bakkantsvaggens symmetrilinje men under till­
luftsdonet. Bakgrunden till dena var att de som skulle genomfora numeriska 
simuleringar onskade an ha bAda donen placerade pd rummets cenrumlinje. For­
hoppningen var an med denna donplacering man skulle fA en symmetriskt luft­
stromningsmonster i rummet. PA sA san skulle man bara behova gora simule­
ringar for ena halvan av rummet. 
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lnom programmet for IEA projektet gjordes forsok med isotennisk inblAsning och 
med inblasning av undenempererad tilluft (Sommarfall). De olik.a f0rsoksfallen 
framgar av nedanstaende tabell: 

lEA-bei.eckning Lufd1ode Tilluftstemperatur Fonsten.emperatur 
[rumsvol/tim) [OCJ [DC] 

B2 3 lsotcrmiskt 

B3 6 lsotermiskt 

B4 2 lsotermiskt 

B5 4.5 lsotermiskt 

El 1.5 10 30 

E2 3.0 15 30 

E3 6.0 15 30 
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Komplenerande fOrsok genomfOrdes aven med vannluftsinbl!sning. Dessa redovisas 
i [1] och [2]. 

Sammanfattning av resultaten 

lsotermisk inbldsning 

Stromningsbilden i rummet overensstiimmer med den man fAr vid "korta" rum, 
dvs jetstrAlen foljer hela tiden rumsytoma, se Fig. 7 i [1] eller Fig 4 i 
[2]. Maxhastighet i vistelsezonen intraffar ca 0.7 m frln fOnsterviiggen. 
Luftstromningsbilden uppvisar en struktur som man kan beskriva som att 
efter varje riktningsandring vid homen sA startar en ny jetstr!le. Oct ar 
darfor tveksamt om man kan betrakta forloppet som kontinuerlig viiggstr!le. 
som fOljer rumsytorna. Dena innebar att det ockd ar tveksamt om man kan 
anvanda storheter som kastlangd for an berakna hastigheter i 
vistelsezonen. 

Hastighetsavtagandet i jetstr!len fOJjer ej de ".klassiska" formlerna som 
galler for fria jetstralar i en stillastAende omgivning, se Fig. 8 i [ 1] 
eller Fig. 5 i [2]. Den troliga fOrklaringen till avvikelsen ar an strA­
Jen utbreder sig i en begransat rum och detta paverkar std.Jen pa tvA 
satt: 

JetstrAlen genererar sekundara luftstrommar i rummet och den utbreder sig 
foljaktligen i en icke stillast.Aende omgivning. 

JetstrA.lens expansion i sidled paverkas av sidovaggarna. 

Yid isotermisk inblasning och tillrackligt hoga inblasningshastigheter okar 
den maximala medelhastigheten i vistelsezonen linjart med inblasnings­
hastigheten, se Fig. 9 i [ l] eller Fig. 6 i [2]. Yid laga hastigheter har 
man ej detta enkJa linjara samband. Orsaken till dena ar troligen an 
stromningen vid laga hastigheter befinner sig i ett overgAngsomrade mellan 
icke-turbulent och turbulent stromning. 

Berak.ningarna ger storre maximal medelhastighet i vistelsezonen an mat­
ningarna, se Fig. 1 i [5]. 

Ky/fall (sommarfal/) 

4 

Kylfa11et kan ge bade en symmetrisk och en icke symmetrisk stromning i rummet. 
Nar den varma uppAtgAende luftstrommen frAn fOnstervaggen moter den undenempe­
rerade jetstrA.len kan de bada motriktade luftstrommarna tvinga varandra at si-
d.an. Det ar darfor heh felaktig an vid simulering forutsatta att man har en 
symmerrisk srromningsbild i rummet. Hela rummet mAste darfor tas med i simule­
ringarna. 



Yid tillrackligt IAg undenemperatur slapper std.Jen fd.n taket och s14r ned i 
vistelsezonen, se Fig. 11 i [I] eller Fig. 10 i [2]. Mamingama och berak­
ningarna ger overensstarnmande result.at fOr avstAndet fiin donet dar str!Jen 
slapper. 

Varmluft (vinurfall) 

Luftstromningsmonstret i rummet ar nu en direkt funktion av Arkirnedes tal (=ft>r­
hAllandet mellan uppdrifts.kraften i str!Jen pA grund av ovenemperaturcn och 
stralens impulskraft, se Fig. 8 i [2]). Vid stora Arkimedes tal (stor ovenempe­
ratur) vander strAlen innan den kommer ned till golvet, sc Fig. 10 i [1] eller 
Fig. 7 i [2]. For att fA en godtagbar cirkulation i rummet kravs an Arkirnedes 
tal understiger ett visst kritiskt varde. 

Rekommendationer for fortsatt arbete 

Det har visat sig sv4rt att utgAende frAn donegenskaper i form av kastlangd 
kunna uppskatta maxhastigheten i vistelsezonen. Vid redovisning av dons egen­
skaper bor pA nAgot satt aven inverkan av rummet tas med. Dessutom baseras 
utnyttjande av jetstrAlar for komfonventilation pA anvandande av vaggjetstrAlar 
och ej av fria jetstrAlar som ar underlaget for best.amning av kastlangd. Ett 
forslag ar att infora en nytt provningsforfarande for .don dar man genomfor 
matningar i ett brett rum utan sidovaggar och mat.a maxhastigheten vid golvnivA 
vid motstaende vagg. Genom detta forf arande mater man hastigheten i 
vistelsezonen som genereras av en vaggstraie och man f4r aven med inverkan av 
den avlank.ning av jetstrAJen som sker i hornen tak-vagg och vagg-golv. Med 
anvandande av teori och erfarenhet kan denna provinformation sedan overforas 
till andra rum. 

Kriterier saknas for vilka villkor som skall vara uppfyllda for att nedslag av 
kalluft skall ske. Med tillgAng till den maneknik som idag finns tillganglig 
oor sAdana k.riterier kunna tas fram. Vidare bOr orsakerna till och villkoren for 
instabil stromning vid kylning narmare studeras. 

Yid varmluftsuppvarmning bOr for undanvik.ande av konslutning det kritiskt varde 
pA Arkimedes ta! anges. 
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Mats Sandberg 
Statens Institut for Byggnadsforskning (SIB) 

Luftforingsprinciper en teoretisk och praktisk 
bakgrund 

Med utgAngspunkt frc\n typ av luftstromning och fordelning av ventilations­
luften i rummet kan man gora en indelning i tre huvudprinciper: 

Luftstromningsmonster Princip Luftk valite Lufrutbytescffektivitet 

Envagsstromning Bomranspon Tilll uftsf6rhlllanden >50% 

Omblandande ventilaiion Utspadning Frlnl uftsf()rh!Jlanden -so'* 
Konslutning . Sii.mre an frAnlufts- <50 % 

fOrha.Jlanden 

Kraftig konslutning, dvs tilluften strommar direkt mot frfil'lluften utan att 
passera vistelezonen, ar naturligtvis oacceptabelt. 

Syftet med omblandande ventilation ar att som ordet sager an skapa likformig­
het over he la rummet, dvs att skapa lika temperatur och koncentration over 
hela rummet. Likhet overallt innebar att man har samma fC>rhAllanden som i 
franluften. Darfor kan man karak.terisera omblandnade ventilation som en venti­
lationsprincip med vilken man efterstravar an Astadkomma frc\nluftsforhA.llan­
den. se Fig l. 
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Figur 1 Iden hakrim omhlandande venrila1io11 
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I det idea/a omblandande systemet ges koncentrationen, C, i en godtycklig 
punkt i rummet av den va.Jkanda utspadningsekvationen. 

m C=-
qv 

m = Fororcningsalstringen per tidsenhet 

q = VcntilationsluftflOdet v 

(1) 

Observera inneoorden av (1 ). ekvationen sager ar att varje punkt i rummet har 
tillgAng till det tillfOrda ventilationsluftflodet. Dena kan altemativt 
uttryckas sA an det renande jlodet, se Appendix, ovcrallt ar li.ka med till­
luftsflOdet. Nackdelen med fullstandig omblanding ar an dena aven medfOr 
fullsta.ndig spridning av fororcningar. 

Den andra principen envagsstromning, sc Fig 2, baseras pA att man genererar en 
luftstrom som gfil" enban i en riktning och darfor snabbt bontransponerar 
fororeningarna frAn rummel. 

\ _i-·1-1-1-1-1 

I J-1-1-1-1-! 
Figur 2 Em·iigsstromning 

I en ventilationskanal har man en envagsstromning. I rena rumstekniken gor man 
rummet till en fonsanning av tilluftskanaJen. Stora luftmangder tillfores 
rummet fordelat over hela takytan. Lufthastighetema ar storre an de som 
genereras av varrnekallor i rummet. Denna teknik ar mycket dyr och exk.Jusiv. 
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En billigare variant ar att u01yttja egenskapcma hos de plymer (konvektions- · 
strommar) som varmekallor i rummet genererar. Det vill saga an man anvander 
sig av termiskr styrd stromning som i den nedre delen av rummet gencrerar en­
vagsstromning. Denna princip kallas aven fOr deplacerande ventilation, se Fig 
3. 
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Figur 3 Deplacerande Yentilation genom termiskt sryrd stromning 

CJp>'y 

Cip• «iv 

fip<Clv 

Deplacerande ventilation =Av varmekallor terrniskt styrd stromning 

Donplacering: Tilluft i golvnivA-FrAnluft i taknivfl 

Slutresultatet ar an man far tva zoner i rummet, se Fig 4. 
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Figur 4 Twi :oner \'id deplucerande renri/arion 

En nedre zon med tilluftsforhfillanden och.en ovre zon med omblandning. I mAnga 
fall f ullstandig omblandning i den ovre zonen. Granslinjen me I Ian de bAda 
zonerna Jigger pa den niva, Z (se Fig 3), vid vilken luftflodet i plymen 
(qp) ar lika med ventilations!aWhodet. 

Fortjansten ur luftkvalite synpunkt med deplacerande ventilation ar an 
fornreni11Rar forhindras arr transporrerasfrdn den ovre rill den nedre zonen. 

Deplacerande ventilation behandlas mera i detalj senare
1 

och vi gar dlirfor 
tillbaka till omblandande ventilation. 

Omblandande ventilation kan man skapa pA i princip tvA satt: 

Tillforsel av ventilationsluft 
form av jetstrAlar 

- Tillforsel av kyld ventilationsluft 
i takniva 

- Hoghastighetsteknik 

- Termiskt styrd 
luftstromning 

I det senare fallet lir tilluften kallare an omgivande luft och falJer darfor ned 
och ar i den meningen termiskt styrd. Den avgorande skillnaden mot deplacerande 
ventilation lir nu att det ar \'ellfilarionsluften som styr stromningen i rummet 
och ej varmekallorna. Darfor f~ man nu enbart en zon med omblandning i rummet. 

1. \)a erf:.u-enheter och studier. .. 
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Ornblandandc ventilation baseras pA egenskapcma hos den turbulenta jetstrAlen, 
se Fig 5. 

r -h u101-

L. = 
MIOI 

Figur 5 Turbulent jetstrdle . 

En turbulent jetstrale har foljande egenskaper 

(1) Flbdet okar med avstAndet frAn donet (medejektering) 

(2) Hastigheten artar med avst.Andet frAn donet 

(3) Stora hastighetsfluktationer (turbulens) skapas 

Egenskapen ( 1) skapar stora luftstrommar i rum met vilket i sin tur skapar om­
blandning i rummet. Vi skall tina nannare pA hur omblandande ventilation funge­
rar genom att tin.a pa ventilationen av en kontorsrum (Volym 38 m3

, takhojd 2.5 
m). Fig 6 visar rummet. 
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S1rrulo1or 

Figur 6 Skiss a1· pro\'rum 

Isotermisk inblasning 

Fig 7 visar uppman hastighet i en verti.k.alsnitt genom donet vid luftflodet 3 
rurnsvolymer per timme. Inloppshastighet U(O) ungefar 3.3 m/sek. 
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Figur 7 Uppmdtr hastigher i ett \'ertika/snitr genom donet 

Fig 7 visar hur en korrekt dimensionerat omblandande system uppfor sig. Jet­
std.Jen fbljer rummets begransningsytor och hastigheten i strAlen avtar, enligt 
egenskap (~ 1. sa att nar stralen anlander till vistelsezonen har dess hastighet 
reducerat~ till en komfonmassigt acceptabel nivA. Fig 8 visar maximal hastighet 
i jetstnilen som funktion av avstAndet fran donet. Den maximala hastigheten har 
di\·iderats med inloppshastigheten. AvstAndet fr!n donet, X, har gjorts dimen­
sionslost genom att dividera med donets fria oppningsarea A. 
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Figur 8 l/ppmiitt maximalhasrighet 

Av Fig 8 framgfu" an nar stralen koinmer fram till rummets ovre horn bromsas den 
upp for att efter hornet aterigen accelerera nedfOr vaggen och nAr maximal has­
tighet. ]'l.;iif stralen narmar sig rummets nedre horn bromsas den Ater upp. Slut­
ligen accelereras den igen nar den kommer ut pA golvet. Pa golvet uppnas den 
maximala hastigheten i vistelsezonen. For korrekt dimensionering ur komfortsyn­
punkt ar kannedom om den maximala hastigheten i vistelsezonen av storsta bety­
de Jse . Fig 9 visar maximal hastighet i vistelsezonen som funktion av luftflOdet. 
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Figur 9 Maximal hasrigher i i·isrlese::oncn somfunktion av luftfloder 

Yi ser att hastigheten, for tillrack.ligt stora luftfloden, okar linjart med 
luftflodet. Yid laga luftfloden har man ej ett linjan sarnband mellan tillufts-
flode och maximal hastighet i vistelsezonen, den rata linjen gar ej genom origo. 
Dena f ak.tum gbr att det med matematiska modeller ar svArt an berakna den maxi­
mala hastig:heten i vistelsezonen. 

Varmluftsinblasning 

I detta fall bla~es uppvarmd luft in for an kompensera fOr vanneforlusten fran 
fonstret. En skiss av forloppet baserat pa visualisering med rok visas i Fig 10. 
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Figur JO\ ·armluftsuppdirmning. Skiss a,· srromningsmonster 
6, re bi/den. Star o\·ertemperatur 
Undre hi/den . Mindre ovenemperatur 

Fd.n donet och fram till det ovre hornet uppfor sig den uppvarmda jetstrAlcn 
ungefar som den isotermiska jetstrAlen. Emellenid nar stralen borjar rora sig 
nedat motverkas dess rorelse av den uppatriktade lyftkraften som verkar pa den 
uppvarmda Juften . Darfor vander luften nar den rorelseenergi som strfilen hade 
vid rummets ovre horn helt har omvandlats till lagesenergi. Efter att stralen 
har vant sker den motsatta processen lagesenergi omvandlas till rorelseenergi 
och man far den stromningsbild som visas i figuren. Forloppet ar analogt med vad 
som hander nar en fjader trycks ihop och sedan stracks. 

lnblAsning a\· kyld luft 

I detta fall har vi ett varmetillskott genom fOnstret som skall kylas bon. Fig 
11 visar vad som kan intraff a vid inb!Asning av kall luft i takniva. 
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Figur 11 Kalluftsneds/ag . Uppmatta hasrigheter 

Figur 12 Simulering a,· kalluftsnedslag i modellforsok med varcen som 
srromningsmedium 
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I fallet som redovisas i Fig 11 var str!lens tilluftstemperatur for IAg i fOr­
hAllande till kraften i str!len och darfor separerade tilluftsstr!len frAn ta-
ket. Den kylda tilluften moter den varma konvektionsstromrnen frAn fOnstret. 
Dessa tvA luftstromrnar blandar sig ej med varandra utan tvingar varandra At ena 
sidan av rummet. Resultatet blir an tilluftsstrAlen slAr ned snen i rummet. PA 
vilken sida av rummet strAlen slAr ned kan ej forutsagas. 

Enligt erfarenhetsregler skail for an undvika drag, tilluftssttilen tranga in 
minst 2/3 av rummets langd innan separation sker. 

LuftutbytesetTektivitet vid olika driftfall 

Luftutbyteseffektivitet vid olik.a stromningsforhAllanden: 

Luftstrornning 

Ideal kolvscroming 
Deplacerande 
Omblandande 
Konsluming 

Lufrutbytescffektivitet E 

100 o/( 

50%<£ <lOOo/e 
-50 % a 
E « 50 ~ 

De olika luftstromningsmonster som upptrader vid olika driftsforhAllanden ger 
kJan utslag i uppmana luftutbyteseffektiviteter, se Fig 13. 
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[%) 

---------100-+--------

~. '.o. BO 
: QI 
c c 
;c 
:i" E 
111.c 
~ ~ 

:o -
Ll. Ill Ful\stcndig 

.~ I omblcndn1ng 
' c -­~ ::> c_ 

:.: .. 

---o--- D: 
---.o.---~ --· ~ 

0 

I 1n. o.s rh1 I 
---------20-+---------------------'------------

Watt/ m2 golvartc 

-20 -10 0 •10 •20 •30 

----- Kylning [ Uppvarmning-
AT ('t) 

-10 -s 0 • s •10 •15 •20 

Figur 13 Exempel pa uppmiitta lufrurbyteseffekrivi1erer vid olika donplaceringar och 
dnf1sforhallanden. 
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Sammanfattning 

Funktionen hos det ideala omblandande systemet sammanfattas i Fig 14. 
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Figur 14 Der idea/a ombla11dande systemet 
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Funktionen hos det omblandande systemet kan sammanfattas enligt foljande: 

Hastigheten i vistelsezonen okar linjan med tilluftsflodet 

Koncentrationen avtat exponentiellt med okande tilluftsflOde 

En slutsats av ovanstAende ar att en okning av ventilationsluftflodet endast 
marginellt sanker koncentrationen medan daiemot den maximala hastigheten i 
vistelsezonen snabbt okar. 
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FOrdelar 

Umyttjar maximah vemila­
tionsluftflbdet far ut­
spad.ning 

Renande flooet = Ventila­
tionsluftflooet 

Relativt stora vlirmelaster 
kan ky las bon 

Tillkannagivande 

Nackdelar 

Sprider fororeningar 

Risk f()r kallufts­
nedslag 

Bilderna 6-12 ar hamtade frAn det av BFR och Byggnadsstyrelsen stOdda projek­
tet "Nogrann uppmatning av hastigheter i kontorsrum". Syftet med projektet ar 
att gora jamfOrelse mellan uppmatningar och berakningar. 
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Renande nodet 

Luftflooema inom en rum ar normalt mycket storre an tilluftsflodet, speciellt 
galler detta omblandande system, och bidrar ej till utspadning och borttransport 
av fororeningar. De Astadkommer bara en rundgAng av ffirorcningama. Den luft­
miingd som verkligen ventilerar iir det renande flodet. Man skulle ocks! kunna 
k.alla det f6r nettoflooet. Det rcnande flooet k.an naturligtvis ej bli sWrre an 
det totala tilluftsflooet av uteluft. 

Exempel 

Fig 1 visar en antal cellkontor med dorrar till en gcmensam korridor (M Sand­
berg & H Stymne, Energi & Miljo 1990). Varje rum har individuell tilluft och 
luften evakueras via overluftsdon, frAn den gemensamma korridoren. Det totala 
tilluftsflodet ar 240 m

3
/timme. 
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It 
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Figur 1 Cellkomar med oppna dorrar 
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Vi ser att det renande fle>det i varje rum blir stt>rre tin det direkta tillufts-
flOdet. Forklaringen till dena ar an rummen ur luftstromningssynpunkt sw i 
kontakt med varandra. EmeJlenid blir det renade flOdet ej i nlgot rum lika med 
totala tilluftsflooet. Slutsatsen ar att vi ej har fullstandig omblandning. 
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Mats Sandberg 

Case studies 

Air movements in room are very complicated and in order to gain an under­
standing of various phenomena that will occur we will look at some examples of 
both isotherma1 supply and nonisotherma1 supply in the same room. The room we 
will consider is a typica1 office room with both the supply and extract of air 
located at the backwall, see Fig. 1. 

I 
I 
I 
\ 

Simulator wall 

Figure 1 Test room 

J,'I' 

The volume of the room amounts to 37.8 m3
. Room height is 2.5 m. The length to 

height ratio AL is equal to 1.68 and therefore we should expect the room to 
behave as a "snort room". Width to height ratio A is equal to 1.44. 

w 
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Supply air terminal 

The tenninal consists of a manifold of 84 nozzles arranged in four rows and 
directed upwards, see Fig. 1. The total geometrical opening area A of aJI 
nozzles amounts to 0.0095 m2 (n~minal area) which gives a charac~eristic di­
mension -.JA equal to 0.00975 m . s 
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Figure 2 Velociry profile close to one of the nozzles 

Next figure shows the effective inlet area (Skovgaard M et al (1990)) as a 
function of the inlet Reynolds number (Red) based on the diameter of the 
nozzle. 
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Figure 3 The effective inlet area as a function of the inlet velocity 

The effective area has been obtained usual procedure (ISO standard 5219) based 
on recorded maximum velocity at the nozzles. The effective area was calculated 
as the flow rate divided by the maximum velocity. 

As can be seen the effective area is not a constant. At first it decreases, 
but then it increases. Skovgaard et al attributed this behaviour to the tran­
sition from laminar to turbulent flow. The minimum occurs for a Reynolds 
around 2 000 which corresponds to the critical Reynolds number for transition 
from laminar to turbulent flow in a tube. The high value of the effective area 
for low flow rates Skovgaard et al attributes to geometrical effects in the 
openmg. 

Isothermal supply 

Fig. 4 shows the velocities recorded at various stations along the perimeter 
of the room. The velocities were recorded in a vertical plane that was 
orientated through the terminals and directed along the direction of the flow. 
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We obtain the typicaJ behaviour for a shon room that is to say a wall jet 
that follows the perimeter of the room. Fig. 5 shows the nondimcnsionaJ 
maximum velocity (recorded velocity divided by the velocity at the inlet) as a 
function of the distance from the terminal. When the air stream arrives to the 
opposite wall the velocities in the jct decreases and the jet becomes thicker. 
This is an affect of the presence of the waJJ. The pressure increases at the 
wall and the flow is retarded and is deflected downwards along the wall. At 
the waJJ the flow is at first accelerated by the higher pressure and a maximum 
velocity is attained. After this point the flow decelerates again. We sec that 
the deceleration now is faster than aJong the ceiling. At the lower comer the 
procedure is repeated again and the maximum velocity in the occupied zone is 
attained at some distance from the wall. 

The theory vaJid for flows in infinite- or seminfinate space:_\ predict that at 
the ceiling the velocity decay should follow the rel_~ig~ X . However, we see 
that the decay is less rapid and is approximately X · which is a figure 
betv.1een the theoretical values for three- and twodimensional jets. This high­
lights again the fact that we shall not aJways expect results valid for in-
finite spaces to be valid in enclosures. The deviation from the theory is 
obviously due to the circumstance that the jet is supplied into a finite en­
closure. A pan from that it is difficult to point out a single factor that 
causes this deviation. There are several factors, the expansion of the jet is 
constrained in the lateral direction by the walls and the counterflow may also 
slow down the jetflow. 

For design purpose it is of great interest to know the maximum velocity in the 
occupied zone. This is shown in Fig. 6 as a function of the supply flow rate. 
Furthermore is also presented the maximum velocity recorded in the jet 2.2 m 
from the supply terminal. 
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For the flow rates reponed we see that there is a linear relationship between 
the ma,imum velocity and the inlet velocity both in the primary jet and in the 
flow on the floor. This is in accordance with what we found earlier from the 
simple scale analysis carried out in ????.The maximum velocity at the floor 
occurred, at all flow rates, 3.5 m from the backwall which is equal to 0.7 m 
from the facade wall. By extrapolating the line towards low flow rates we see 
that it does not pass through the origo. The deviation is specially large at 
floor level. The circumstance that at low flow rates the room velocities are 
nor proportional to the inlet velocities. This behaviour has also been docu­
mented by Nielsen PY (1987). This fact that at low flow rates the velocity in 
the room does not scale with the supply velocity is sometimes called a low 
Reynolds number effect. 

Nonisothermal supply · Supply of heated air 

Nov. heat is supplied with the ventilation air to balance the heat extracted 
from the room through a cold window located on the wall opposite to the supply 
air terminal. A sketch of the flow obtained from visualization by smoke is 
shown in Fig. 7. 

6 



0- - - - - "\ ~ - - - \ { \I \... -- -- \_J 

- - - - -c)J \ - -- \ / 
'""" 

\ \ l 
'-.... --- \J -

Figure 7 Supply of-y.·arm air. Sketch offlo-y.· pattern in room 

The upper inset shows what happens at the higher Archimedes number. The jet 
penetrates down to a level above floor and then turns upwards. At the turning 
point it has its maximum potential energy and when it turns upwards potential 
energy is released into kinetic energy. This flow going upwards meets the jet 
flow and travels in the direction towards the backwall. Then it turns down­
wards again but does not go further down than the initial penetration dis­
tance._ In the lower inset the Archimedes number is lower and the jet now pene­
trates almost down to the floor where it turns and a similar flow pattern as 
previously is established. From the tenninal the primary jet flows hori­
zontally under the ceiling as in the case with isothennal supply. However, the 
decay of the velocity is now slower than at isothermal supply, see Fig. This 
is probably an effect of that at supply of warm air there is an counterflow 
underneath the jet. · 

At the corner the flow is deflected downwards whereas the buoyancy force is 
directed upwards. If the buoyancy becomes strong enough it will hinder the 
jet from reaching down to floor level. This is seen from Fig. 8 which shows 
the penetration distance, X • as a function of the Archimedes number. m 

7 



1.10-2 10.10- 2 20.10-2 30.10-2 40.10-2 so.10-2 Ar 
0-.-~-'-~~~--'~~~~-'-~~~~1.-~~~-'-~~~~.._~~~----~---. 

"' c • 
•• 10-... 
e 
~ 

.. ... 
c 
!: .. 
0 

e l~ 
" I 

• • oi 0 ::r ~1- t· ~~II 
g :: 1 • 

20- • -

• 
Floor 

Figure 8 Supply of warm air. Penetration distance X m 

We see lhat there are two branches. In the lower pan of the room the graph 
is steeper than in the upper part of the room. This is probably an effect of 
the downdraught from the cold window that assists the jet flow and pushes it 
belov. the lurning point it should attain if there were no heat transfer at the 
v. al I. 

A zero penetration distance is physically unrealistic and we should expect the 
penetration distance to approach a constant value when the Archimedes number 
goes to infinit} . 

Fig. 9 shows the venical temperature profile recorded in the centre plane 3.6 
m from the backwall. The temperature shown is the recorded room temperature 
minus the temperature in the extract. 
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Figure 9 Recorded temperatures 

In the figure is also shown the temperature recorded at isothennal supply. At 
isothermal supply the graph of the temperature in the room becomes a straight 
line and the temperature is close to the extract temperature. With increasing 
Archimedes numbers the temperature gradient becomes steeper and that the temp­
erature in the occupied zone becomes Jess than in the extract. This is an 
result of that we have shon circuiting, that is to that the penetration dis-
tance is much less than the room height. 

Nonisothermal supply • Supply of cold air 

Now there is an influx of heat through the window which gives rise to an up­
ward directed flow from the window. Cold air is now supplied from the tenninal 
to give an acceptable temperature in the room. The buoyancy now adds to the 
momentum. We know from? that the Archimedes number increases with the dis­
tance from the terminal that is to say the downwards directed buoyancy becomes 
relatively more important than momentum. If the buoyancy becomes sufficiently 
strong the jet separates from the ceiling and falls down in the occupied zone. 
Fig . 10 sho'"·s an example of the velocities recorded when a cold jet separates 
from the ceiling. 
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Figure 10 Separation of a jet from rhe ceiling 

In the region where the jet drops the velocities and temperatures are unac­
ceptable from the point of view of comfon. When the jet first hits the floor 
the jet forms a vonex ring on the floor. The ring travels outward along the 
floor. expands and occupies all of the region outside the down flowing jet, 
see Fig. 11 which shows a visualization in water of supply of a negatively 
buoyant jet. On the floor the highest velocities in this outward flow occurs 
in the supply direction . 
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Figure 11 Down flowing jet impinging on floor 

The plot of the velocity in the jet shows a wavy appearance on the lower side 
of the jet while the upper side is more smooth. This asymmetry results from 
opposite effects of the buoyancy force on the opposite sides of the jet. On 
the upper side, buoyancy forces create a stabilizing stratification which tend 
to inhibit entrainment of the environmentaJ air. On the lower side the buoyan­
cy forces produce a convectively unstable situation and there is an enhanced 
mixing between the jet and the ambient air. This unstability on the lower side 
gives rise to strongly fluctuating velocities which is the explanation to the 
wavy pattern on the velocity plot. On the lower side of the jet there is pos­
sible, as pointed out by Lane-Serff ( 1989), that we has detrainment of air. 

In Fig. 12 is given the separation distance, X , as a function of the inlet 
Archimedes number. 
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Figure 12 Supply of cold air. Separation distance X s 

The upward flowing natural convection from the wann window affects the tra­
jectory of the jet. The warm air flows upwards along the window and continues 
along the ceiling and meets the jet flow. When they collide they force each 
other to flow on opposite sides of the room. Which side the they choose can 
generally not be foreseen it depends on details in the flow situation. This 
situation that the jet flow deviates from the symmetry plane occurs frequent­
ly. Therefore one must not in numerical prediction from the beginning assume 
that the flow is symmetrical. 
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Introduction. 
This repon is a documentation of measurements made at the Laboratory for 
Heating and Ventilation at the National Swedish Institute for Building 
Research (SIB). It is a pan of our contribution to subtask 1 of the IEA 
Annex 20. One of the aims of Subtask 1 is to develop numerical models for 
predictions of air movements and temperatures within ventilated rooms. 

Test room. 
The test room in which the measurements have been carried out is the 
standard room described by Lemaire in R.1.1.3, Identical rooms [l]. The 
dimensionsoftheroomare4.2m(L)x3.6m(W)x2.5m(H)(seesketchonpage4).A 
window is placed on the wall opposite the inlet and outlet devices. The 
window has a width of 2.0m and a height of 1.6m. The distance from the top 
of the window to the ceiling is 0.20m. The volume of the room is 37.8 m3• 

In let device. 
The inlet device is a diffuser from HESCO consisting of 84 nozzles arranged 
in four rows and directed 40° upwards from the horizontal plane (see p.3). 
The distance from the ceiling to the top of the device is 0.20m. The device 
is described by Nielsen in the document R.1.1 :2 of Annex 20 [2]. 

Exhaust device. 
The exhaust device is located below the inlet device at a distance of 1.70m 
above the floor(see p.3). 

Test conditions. 
Four different flow rates have been used during . the tests and the 
temperature conditions have been isothermal. 

- B2: 0.0315m3/s (main test case, 3 room volumes/h) 
- B3 : 0.0630m3/s ( 6 room volumes/h') 
- B4: 0.0210m3/s ( 2 room volurnes/h) 
- B5 : 0.0472m3/s ( 4.5 room volumes/h) 

The last two flow rates above are not pan of the original test program. 
They were carried out in order to record the maximum air speed within the 
occupied zone as a function of the air flow rate. The complete test 
conditions are described by Heikkinen in R.I. 1.13 [3]. 

Measuring equipment. 
The air speed and temperature have been measured with a thermistor 
anemometer of constant temperature type. The anemometer has been developed 
at "SIB" and was presented at ROO:MVENT '90 in Oslo [4]. The device has fast 
response time and a small error due to natural convection. 
Surface and room air temperatures were measured with thermocouples of type T 
connected to a data aquisition system. 
Supply and exhaust air flow rates were measured by means of orifice plates. 

IEA Annex 20 2 R.1.1.16 



Measurements. 
The measuring points were not exactly at those locations presented in the 
document RJ.1.3 , Identical testrooms. Because of the difficulties to 
measure very low velocities with 'heated anemometers we have avoided 
measurements in locations where very small air movements were expected. The 
velocities and air temperatures at each point have been sampled during 
approximately 15 minutes with an interval of 3 seconds, that is to say the 
total number of samples amounted to around 300. Mean temperatures and mean 
air speed together with maximum, minimum and standard deviation values of 
the velocities were recorded on disc media In case B2 (main cue) 1he air 
speed and temperature was recorded at 560 points. 
The additional measurements were undenaken in order to investigate how the 
maximum velocity within the occupied zone depends on the supply air flow 
rate (sec p.7). 

Results. 
The following pages illustrue the reeorded mean air speed for some of the 
planes from the main (560 points) test case. 
Data from all measurements has been recorded on disk and converted to the 
standard format proposed in the document R.1.1.22 by Whittle and Ruddick 
[5]. Data is recorded on PC-DOS formatted 3.5" diskette (720kB) fonnat. A 
copy of the diskene is available from the author of this document on 
request. Data has been sent to G.Whinle for funher evaluation. 

I 
I 
I 
I 

Simulator wall--"-

Fig 1. Test room. 
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Introduction. 
This repon is a documentation of measurements made at the Laboratory for 
Heating and Ventilation at the National Swedish Institute for Building 
Research (SIB). It is a part of our contribution to subta.U 1 of the IEA 
Annex 20. One of the aims of Subtask 1 is to develop numerical models for 
predictions of air movements and temperatures within ventilated rooms. 

Test room. 
The test room in which the measurements have been carried out is the 
standard room described by Lemaire in R.1.1.3, Identical rooms [1]. The 
dimensions of the room arc 4.2m(L)x3.6m(W)x2.Sm(H) (see sketch on page4 ). A 
window is placed on the wall opposite the inlet and outlet ~vices. The 
window has a width of 2.0m and a height of l .6m. The distance from the top 
of the window to the ceiling is 0.20m. The volume of the room is 37.8 m3• 

Inlet device. 
The inlet device is a diffuser from HESCO consisting of 84 nozzles arranged 
in four rows and directed 40° upwards from the horizontal plane (see p.3 ). 
The distance from the ceiling to the top of the device is 0.20m. The device 
is described by Nielsen in the document R.1.1.2 of Annex 20 [2). 

Exhaust device. 
The exhaust device is located below the inlet device at a distance of l .70m 
above the floor(see p.3). 

Test conditions. 
The thermal conditions have been the ones of a summer case with cool inlet 
air. Measurements were carried out for three different testcases: 

Testcase El 
Flow rate: 
Supply air temp: 
Window temp: 

Testcase E2 
Flow rate: 
Supply air temp: 
Window temp: 

Testcase E3 
Flow rate: 
Supply air temp: 
Window temp: 

0.0158m3/s ( 1.5 room volwnes/h) 
10°C 
30°C 

0.0315m3/s ( 3 room volumes/h) 
15°C 
30°C 

0.0630m3/s ( 6 room volumes/h ) 
15°C 
30°C 

The complete test conditions are described by Heikkinen in R.I. 1.14 [3]. 

Measuring equipment. 
The air speed and temperature have been measured with a thermistor 
anemometer of constant temperature type. The anemometer has been developed 
at "SIB" and was presented at ROOMVENT '90 in Oslo [4]. The device has fast 
response time and a small error due to natural convection. 
Surface and room air temperatures were measured with thermocouples of type T 
connected to a data aquisition system. 
Supply and exhaust air flow rates were measured by means of orifice plates. 
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Measurements. 
The measuring points were not exactly at those locations presented in the 
document RJ.1.3 , Identical testtooms. Because of the difficulties to 
measure very low velocities with heated anemometers we have avoided 
measurements in locations where very small air movements were expected. The 
velocities and air temperatures at each point have been sampled during 
approximately 15 minutes with an interval of 3 leCODds, that is to say the 
total number of samples amounted to around 300. Mean temperatures and mean 
air speed together with maximum, minimum and standard devilrlon values of 
the velocities were recorded on disc media. In testcase El and E2 the air 
speed and temperature was recorded at 560 points. In testcase E3 the number 
of points were reduced to 240 (3 z-plancs in the middle of the room). 

Results. 
The following pages illustrate the recorded mean air speed for some of the 
planes from the three test cases. 
Data from all measurements has been recorded on disk and converted to the 
standard format proposed in the document R.1.1.22 by Whittle and Ruddick 
[5]. Data is recorded on PC-DOS formatted 3.s'' diskette (720kB) fonnat. A 
copy of the diskette is available from the author of this document on 
request. Data has been sent to G.Whittle for further evaluation. 
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Fig 1. Test room. 
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Sketch of the test room. 
Length (x): 4.2 m 
Width (z): 3.6 m 
Height (y}: 2.5 m 

Testcase el : 

Isovels in plane z= 0.0 m 

I lsovels in plane z=-0.60 m 

lsovels in plane z= 0.60 m 
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Sketch of the test room. 
Length (x): 4.2 m 
Width (z): 3.6 m 
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Jamforelse mellan matningar och berakningar 

Henry Larsson & Mats Sandberg 

Isotermiska fallet (IEA-beteckning B) 

BAda matningama och simuleringama ger symmetriska strlimningsbilder. Fig 1 
visar en jlimforelse mellan uppman och beriiknad hastighet vid olika 
luftfloden. 
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Figur 1 lsorermisk inb/asning. Jamfore/se me/Ian uppmiirr ( J och beraknad 
has~ighet (x) 

Under taket ger simuleringarna upphov till en bredare jetstrA.le an vad som 
erhAlls vid uppmatning. Detta kan forklaras av att upplosningen i berak.ningar­
na (gridnatet ar for grovmaskigt) for att korrekt beskriva den tunna luft­
strommen som alstras av donet. Dena kan vara orsaken till att under taket 
simuleringarna ger lagre hastigheter an uppmatningarna. 
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Av storst intresse ar max hastigheten i vistelsezonen som ar den dimensione­
rande hastigheten med tanke pA dragrisken. Max hastighet i vistelsezonen in­
traffar bAde i simuleringarna och matningama pA avstAndet 3.5 m fr!n bak­
kantsvaggen. Vi ser frAn Fig. I an den beraknade hastigheten ar storre an den 
uppmana. Speciellt stor ar avvikelscma for det lagrc luftflOdct. En mojlig 
fOrklaring till den stora skillnaden vid det lagre lu~flOdet ar att man i 
rummet ej har fullt utbildad turbulens. Det ar ej saken an programmets 
turbulensmodell tar hansyn till· detta. 

Kylfallet (IEA-beteckning E) 

Nasta figur visar en jamfOrelse fdr en kylfall dar kalluftsnedslag sker. 
Luftflooet ar lika med 1.5 rumsvolymer per timme och tilluftens temperatur ar 
ca 10°C (IEA-beteckning El). Figuren visar absolutbeloppet av hastigheten i 
ett venikalt plan genom donet. 
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) 

) 

I bAde matningarna och simuJeringarna slapper jetstrilen taket pA samma av­
stAnd frAn donet. Simuleringama ger osymmetriska stromningar, dvs jetstrA.len 
gh At sidan nlir den mot.er den vanna konvektionstrommen frAn det varma fon ­
stret, se Fig 3. Matningarna daremot ger en symmetrisk stromningsbild. Den 
vanna luftstrommen fr!n radiatom gAr pA bAda sidoma om den kalla jetstrAlen. 
Fig 3 visar resultat sett i en horisontalpJan sett ovanifran. 
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Situationen med kalluftsnedslag ar troligtvis mycket instabil. Skillnaden 
mellan matningarna och simuleringama kan bero pA skillnaden i randvillkor. En 
ytterligare skillnad ar an matningama representerar tidsmedelvardet over en 
viss tid emedan simuleringama ger en sA kallat ensembelmedelvarde1

• 

Vid luftflOdet 3.0 rumsvolymer (IEA-beteckning E2) fAr man inget ncdslag i 
viste1sezonen. Sarnma resultat fAs vid blde simuleringama och matningama (se 
sid 8 i [4]). PA ett avstAnd av ca 2/3 av ruinmets langd oojs jetstr!lcn nedAt. 

Vid det hogsta 1uftfl0det, 6 rumsvolymer per timme (IEA-beteckning E3), nAr 
luftstrommen frln donet frarn till fOnstervaggen. Dena ga.IJer for b4de berak­
ningar och matningar. 

Resultat fran ovriga IEA-simuleringar 

Jamf0re1se mellan simuleringsresultat visar en stor spridning. Detta visar att 
erf arenhet av simuleringsarbete, val av gridnat och randvillkor ar avgorande 
for resultatet. Simulering ar fonfarande en "konst" . 

1. ~nsembelmedelvardet fAs genom att ta medelvardet av eu antal upprepade forsok . 
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Sammanf -3.t tni rig. 
Tre fc:-.11 a.v en isoter-m situation sc..mt tre fall ~v en sommc:-rs.ituation 
~lla med tilluftsdon av typ HESCO diffuSor har simulerats. 
Resultatet visar en symmer-tisk l~sning i de isoterma fallen men en 
l~l2r 3symmetri i sommarfallen med en varm f~nsteryta och under-ternper­
e~-:::. d t~ll•_1ft. 

F 1~- :-1 .1 t_? ~ +: t ;--, i nq .::i.r. Mode 11 en h .::;..~- . a.np 2 .S sat s ti 11 f 1:j1-u.t ::,~ t tn in•;; =-.rn 2'<. f ck 
testfall B i IEA:s specifikation f~r det isoter-ma fallet samt f~r- fall 
E '::.omm .:::r -sit• . .1. .3tionen' <ta.bell 1). 
Mod~ll2n s~mulerar ett ~ontorsrum med l~ngden 4.2m bredden 3.6m och 
h~jden 2.Sm. En ~ortv~gg upptas av ett f~nster- med bredden 2m cch 
h~jden 1.6m. F'~ motst~ende kortv~gg finns ett tilluftsdon med h~jden 
'). !~••; o'=h b1-edden 0. 7m och under- denna. ett ft- .~. nlu.ftsdon me 0:J m~. tt:::r; 

0.:*o.: sQm h~jdtbredd. Tilluftsdonet som ~r av typ HESCO be5t~r ~. 

~":- :-~' . .:Js· ··· =·•·~ t-un.j .:; _ _ietin!Jl .:?.snino:;; .=-.1- med :·1 jet -~. ~- i -.,..-.;:1,~-_ie ra.d. ')ar_ie 
_i.:.::': '::c-on hs.r· en 1ji~iiH;~t~?' °""·-' c:<:.<. 1c::1T; ~r inf~.st::..d i donet •;ier1orn en ku.l .. ··· 
1.::, .:. i::ier-11 •. ::-. led mec:l-fe,t- a.+..:.t ..,· 2\r· _i0: jet ~ : an rikt.::..:: indi··.··iduellt. I :;c-J;;-!:.-

1 l ·; :::.. = ·=;; t a. l 1 er, h c.r _i et a.~- n ~. a. n t a g i t = v· a.r a. t- i k t :.<. d e 4 0 g t- .3 d e t- f t- ~. n 
hc:v:;.'::::ont;;.iplanet mc!t ta.ket sa.mt 0 gr-ader i f6d-1alla.nde till '/et-t:;.~=-.J.­

planet genom varJe jet. Samtliga rumsytor antages ha en temperatur av 
:o·c wtom fdnsterytan f~r fall E1-E3 dgr temperaturen framgar a v 
t.:<.bell 1. I de isotEffm.:.-. -:=aller1 81 .. ·83 har naturligtvi·::; inbl~;;nin·:;:i=­

luften samma temperatur som rumsytorna 2occ. 

Si mul e:-1rigsmodell. En numet-tsk modell modell har fr-.:::·11T1tagits med 
h_i~lp a.v :pec1fikationet- i Heikkiner1 (1) for-ced convection iso­
thet-m.31 flc~J :;amt Heikkinen (2) fm-ced convection · summe1- cooling. 

Mcdellen 16ser det matematiska ekvationssystemet f~r luftr~relser 
och lufttemperaturer i tre dimensioner. De ing~ende ekvationerna 3r; 
Navier-Stokes ekvationer f~r.momentum~ ter-modynamiska ekvationen, 
kontinuitetsekvationen f6r massa samt tv~ ekvationer f6r de turbulenta 
hastighetsfluktuationerna. Dessa turbulenta storheter k och . e har 
kopplats till det ursprun~liga ekvationssytemet genom ett antagande 
om turbulent diffusion vars v~rde i rummet ber~knas fr~n k ach e. 
Rumsytornas inverkan genom friktion har inf~rts via de s.k. v~gg­

lagarna. Denna s.k. k-e-modell f~ruts~tter fullt utvecklad turbulens 
vilket ~r tveksamt i vissa delar av rummet vid den l~gsta luftf6ringen 
dvs fall 81 och El (tabell 1). 
Vid sm~ temperaturdifferanser som i dessa fall inf~res ofta Boussinesq 
appt-o ;~ ima.tionen vid l~sc..ndet av praktisl::a str-~mningspr-oblem f~t- a.tt 



elv~nd stabil 16sning. 
Asymmetrin kan f~renklat fOrklaras med att den kallare luft­

str~mmen fr~n tilluftsdonet 'skyr' den varmare str~mmen vid 
f~nstret. Resultatet tolkas som tv~ motverkande -krafter med ett 
instabilt j~mnviktsl~ge i den symmetriska lOsningen och tv~ stabila 
l~sningar, en ~t vardera l~ngvlggen, i de asymmetriska fallen. 

Klimatbilder. Bilder med plansnitt och vertikalsnitt visar klimatet 
i rummet i form av isotermer och en f~rgskala f6r lufttemperaturen. 
F~rgskalan finns f6rklarad p~ bilden. Vidare ing~r lufthastigheten 
i form av pilar med riktningen p~ luften och pilens l~ngd representer­
ande hastigheten. I texten ing~r en koordinatbeteckning x,y,z samt ett 
vArde fOr den koordinatriktning som ej finns medtagen p~ bilden. S~ 

betecknar t. ex. z=0.03 ett plansnitt i ovan golv. I texten frem-
g~r vidare ett enhetsm~tt p~ hastigheten genom den pil som finns av­
bildad. Fall E1-E3 har ~ven bilder som visar den absoluta hastigheten 
som en skal~r variabel i form av isoveler och en f~rgskala som finns 
f~rklarad p~ varje bild. 
Plansnitten har valt~ vid golvniv~Cz=0.03m), vid takniv~Cz=2.46m) 

samt i ovankant av tilluftsdonet(z=2.28m). 
Vertikalsnitten, 9 st har f6rdel6ts s~ att det f6rsta visar situation­

en vid fr~mre l~ngvgggen<y=0.01m) sedan f6ljer bilder vid y=0.4m~ y=l.~m 

och y=l.6m. Vid y=l.Bm visar bilden ve1-tikalsnittet genom rummet~ mitt. 
De fyra ~terst~ende ~nitten har valts syrnrnetriskt m.a.p. mitten p~ 
rummet dv~ y=2.0m~ :.4m~ 3.2m och 3.59m. 
Fig 1 v is~r l~ge~ s ·. ~~v~l plansnitten la som vert1kal~~itten lb vill.= 
ing~r i bildmateri~let fbr varje f6ll. 
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