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PRjIDICTION OF T:LJ AI{TICIPÅTTD AIR VOLUMJ PASSINO TEROUCE fl'IL}INGS
BT IIIJAI{S OF TH¡J AIR CURR!]NT A}IAJ,OqJE

by E.Ph.L. den Oud.enr )

Factors of infLuence on the ventilatio¿
For proper control of the ventilation in a i¡uild.ing', it is necessary

to know the factors involved..
Tb.ese includ.e:
1. the outd.oor clinate

(a) tenperature
(b) wincl d.irection
(c) wintl velocity

2. the build.ing perfornanoe

This determines the interconnections between ind.oor and. outd.oor

conditions d.ue for instance to gaps at windows a¡¡d. cloors or grilles through
which a natural ventilation wi]l be possible. In the case of mechanj-cal

ventil-ation, this ty¡le of air notion is usually und,esirable.

3. the presence of ar¡y nechanical ventílation system, which has been

oalculated. with d.ue regard. to the cond.itions d.eeired. for the particular
space e.g. the numbe¡ of occupants, the possible formation of harmful-

prod.ucts etc.

The influence of the local climate on the relative importance of these
faotors

In the case of very appreciabLe differences between outd.oor and.

ind.oor temperaürres, an air movement nay be caused. d.ue to d.ensity
d.ifferenoes. At a low outdoor temperature, the upper part within the
building will have an overpressure¡ the lower part will have an und.er-
pressure. r/hen openings or gaps in the building are evenly distributed,
ooth theee preesures will be equaL in magni-tucle, as shown in figure 1.

For very tall buil¿j-ngs and, Ij,ttIe winil¡ the temperature difference
between outside and. insid.e can be the urost inportant factor as shown

by the investigatj-ons of T.C. t¡fln on 2l buildings in 0leveLarrd (USA)

and Pittsburgh ¡USA). .lt entry doors of bhese buildings, pressure
d.ifferences averaged 0.? of the theoreticaL d.raught, which is cqual
to

ap = h(yf"¿) (1)

Pr¡blication ¡ioo 27? of the ¡lesealch Institute for Pr¡blic [ealth
l:ingineerlng Ti'íOr P.0. vot 2L4 - lDelft - ÌIollanci.
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For ou¡ D¡tch clina,te, the tenperatu¡e differences ars not so excesr¡ive,

The cl.esign temperatr:re d.ifference .lor boih American cities was about çoC
(+ZZ-oC inside a.nd. -2OoC outsid.o), uhile for llolla.ncl this difr-erence is
32oC maximr¡n and for the nr¡ jor pa.rt of Ho11a.nd. 3OoC.

tr\¡the¡moro the lovest builrli-ng which uas inves'i;isoted in the U.5,4.
(t5 storeys) is alread.y classified, as high for the D.rtch cond-itions, whi.le

in Ho]land. the proximity to the sea and. the îlatness of tire cowttry tenà

to accentr¡ate the rela,tj-ve irnporta.nce of the role playecl by the rrind. Tlrsse

circumstances result in the winrj, becoming an important factorr if not the

most imporia,¡rt one.

hessì.¡xe distri bution around- a buildins (i.ue to the wind-

Before being able to express the influence of the above-namecl factors
in numerical values, the external pressìlre distritnrtion s.round. the 'ouilùing
must be known.

This pressure distribution can be established on a rnodel in a winri.-

tunnel , in rvhich the pressure at relevant points is meaer¡¡ed unrle:: the

combined- inf'luence of wind. direction ancl preferably incJudin¡; tne ef¡-'ect

of envi-ronment. The wind velocity varies with the height in exponentiai

manner and the exponent itsel-f varieg with the roughness of ttro terr'¡"irt.
I'leasures¡ ¡nust be taken to imiiate this rou¿þnes€, r¡hich is.ret¡"gocì by

neighbor:ring builcjings, trees etc, to properly scaled vaLues o:r the ¡:.,-r¡lel-.

0n accorlnt of tlLe work by several investigatcrs, ap'lying sc:¡l-1:d -r¿: l.ue s crn

the rnorlel is a relati.vely eas¡l matter.
Genera,l..l y, al the sid.e of the building :i'eci-ng tJre l¡incì l'bhe '.j.ltd.',rard

sicì.e) , there r¡j-Ll- be a.n o'v'erprel-r::ìtrre, a,s rreioci by j-s convc;¡tel: i.;o '¡1'esìr,ìJ:ne,

w.lrereas on t"ìe sirie a.rcli'ei' f¡c: n the qlincì, 1,):e het:trat:d s:i ,lcr {}''-'¡i.; ::- ¿l¡

under¡i'essÌlrr¡ìr o.s is rrs;u"l.ly tbe case on the lc¡|.
îhe ¡:cc:.;t:rlre difi'ercnce ovo-r:'tlte ìlu-jJ-cìing i.E e(,,,¡¡.1 iO ti',) itr-ì:¡,¡,'ii,ri¡.e

overplesl,llres and. undef DLe.r''1lr:resi, afrd o-'iin¡; 'ln thr. l"ct I ire !l ^,lleÌt ,j '.ii'.1-'

f erence in pleliure i¡tvaTLa.Ì,lv sceits to bal-anoe i i.;e.ì, F ou: , P. '-' lr r ' ':-

air is nroduced., j.n th,i.s cp-se a nulr'.cnt tlL¡r>ur';ì, 1,Ì'e btri .ì r; i¡.', : i,içr 'r rjr'

its ,"¡ry through the av-ail"bl-e ai:onlr-¡¡'g¡,, ('¡.i¡¡r:9:, ancì io¡¡-r)r'8.] -ir. .'i! rÌ:;-: .

and constpntlY rene1.¡e 'bhe air in tlrc i;ui.lCi tr.'.:.

Ur'on cì:''n3e; of ,,uin:i r'i rec-blon Ii:ç: ' i r-cr¡ ' pn f, "¡ i'" c: r'' ir I ' :' " 'i ''¡'

i¡i.l 1 a,l :ìô cir ,¡¡tng.

Tlre Cel¡tjOn 'r,r¡|''.r.,tt t'; a '",2,,l tt,::¡ r.¡l' ii¡ç .¡;¡¡' !-..'ôr'il,y i' t1 r -.'':: "i

i S ,,; i'o.ì 1O,^lS. Uron 1¡rrr¡ elî. 'o j ,rp: t,- ,,2). c rìr ,rr)l'c i on l,ire
)

r,t'esiiÌIf€ :,-hjClr i., g'i¡r-'1. ¿q oV'r I'IhFi¡'€' \r ,lÉll(rl: ;:j J:i'r r,'1 "':)',.r. :'ì^e

ccn.,ì-,:te 
"¡nr¡c--ilon 

¡ccs ¡.,.t 1,eì-e ¡ltjce .i n ':^zlLl:1 . ì;),-' ¡"':ì^ '!È -11 '4 r-¡1¡ i.ì,9
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"ind-.:Êrd. 
side will be somer.¡het l-ess. The rurri.erpressu¡€ on the leewerd

eide iE fikewise a function of the pressure d.ue to velocity, being on an

errerBge equal to half the latter, eo that the pressure {ifference over the
build.ing is on an averpge o.8 to 1.3 times i¿Qvz.

^{n exaurple of the pressure Cjfferences measured. on an actr¡aI brrilding
is sho'¿n in figure 2, ín r'.'hich the ,leasuxecl pressures are g'iven as a
fraction of the velocity pressure, so that a1l the results obt¡ined during
a certain period. contribute towa,rcl the depicted. pol-ar diagram, ILre polar

òiagran gives the p:r:essr.rre d-ifference in nag?dtud.e and. si-gn (+ or -)
between 2 points of tl¡e buil<ì,ing expressed. as a funotion of the rind-

d-irection.

Soroe çhysica.l obÈervatjons on the air cun'ent
Fo¡ a winrì.or.¡ rrlLen c-l-osecJ the rule tc be applied ig'l;hat r,ì.,e trans¡rort

of air at a 1,.7-'esrure difference of A p cvor the ',,rindow is given by the

eriua tiont ]_

v = 1.c. (ap)t (a)

where

c

l

ôn

is the totel length in lj.neel ntetres of tlLe erack length

oecurrirrg irr the wincìow (= totat circurnfer'ence of nov-ir:g

irarts ) ;

the air in:îiltration coeffici,r¡.t in oJ p*" Ìrou: Ilel r:etres

of craclc a.t a pressure riifll'erpnce of 1 nri.I.ri.i. (.. .ea"lrre fc'r tl-..e

greater or lesser air-tightness of tire con':i 1;r'uction ,rf tl e

cra ck )

tì:e pressrrre d-j if'err',n-ce over' i;ìre l:inrlorv i¡r a-¡ ,':3. 6¡
,)

IcgT'm ' 
¡

an ex?onent ir. r.ù:i.eh r. I'Fs a value be'brveen 1 e.nl'.2.

For a rap tha.t c'lr.>seÊ ltacily n a.pl:roxi-,'?-i es r'o ?-,

i'¡i'er:ea,s for a, Í,?.p tha.t <;loses ';¡e11. n 3 r.'.,1'ç::j r"a,ies 'uo i.
The:re is a, r'el.a.ti-crn bet',¡een n e:'rC C:

tlrc vol-une pa.ssed. f, *3'/t,,

1
n

V

ìi'rorr a l.at.ge nurnber oi- ,,s.q-,.r,;.¡'s'r¡cliri tz.ken on Í'i-ltishecl brúl"cittg

constructj.Q¡s, also in orrr ot¡lt r:oul'1;r)': the va.l-lr-e''j oÎ C eni D 'r'êr'B ieil!:?r¡-: nr¡d

io: a nunb-:T of .Jir'1'er,ent t;¡1'qs oî:;inrion¡¡. l-f, 7er.; lr.r-lrd. i,ì,at ti,e riu:ì-ìles

C r.rrtì n i-or ee.ch type of 'r,i:i'.ro'rl t't.')'.1 E, r¡r¡¡'1r ¿j{r¡ c, ivef¡ t::'.co.

¿--



A similar conparlson also appl.jeE 1n the caee of ventilation Cucts,

etc. Here, too, when a certain rate of traneport l-e €rceedetl the air
current wiÌ1 becone turbulentr the velue of n being eq.t¡tl lo 2, whilst fo¡
srne.ll.er rates of transport for which tbe cr¡¡rent ie of e nore lenj.nar
character (ín Layers), the value of n approrirretes to 'l .

For a purely la.nÈnar cr¡nent rr = 1, whilst fo¡ full trebtrlencs rr = 2.

Calouletion of the netr¡ral ventifetlon
Consirl.er a room rith doors antl rindowg in lts waLle. Í|hE trang¡nrte

of air through the rindow o¡ cloor <:taoks, due to the w'ind, can be oe1oula.teC.

when we lcnow the followin€r
the tl.istribution of pressur€ arotmd. the roon¡
the 1 and. C values of the rindowe or cloors as the caae ney bê.

The only u¡rknorm that ie then left ig the va,lue of the p"å""lrr" leve1

in the roon. As the incoming ancl outgoing quantities mrst be equ¿l to eaoh

other, this pressu¡e leve1 can be calculatecl in a sinple mannsr.

In calculating the to-anil-fro transports of air for, say e block of
fla.ts, the nunber of r¡¡knoms is equal to the nunber of rooms¡ each roo¡n

has an r¡¡rknown presêu¡e level . Here age,in, Te oan forrnrlatc as margr

equations ae there are unknorn-ns. llhe solution ie, howeve!, lend-ered difflcult
by the ex¡r,onontia.l characteristic of the equetione. OnJ.y when the value
of the ex¡onent, ] , t" the eeme for ell the eo-uations oen the u¡known be

solved., though this entaile lengthy celculations.
As these exponents rrill as a rule not be equel ln reallty, rrhJ.let in

ad.dltion the lay-out may be rather complicated, this fa.ct lmpÌies that
ca.lcr¡lation of natr¡¡al ventilation is generally an i.mpoesibility.

Th.e electr.{-eaI a,naLoÉ.:ue

Ife asked our¡;elves whe'uher there are no other mea-ng i.n existencg
whereby the ¡erfornanoe of ne,tr¡¡a.l ventilation or the infl.uenco of rrlnd

upon a mechanical vent'i1a,'bion eysten might be evel-uated rnore expedlbicue)y
blLa.n by a.ny ¡rcosiir1e cal.or¡-La,tion.

The air our.:rent ti,:nor-rg,h a buiLcti.ng is actun-J.Iy nothi.n6 olae tJ.¡en a

cr¡r:rent passing throtu;h a la,rge nunber of resis'tanoes in r¡e¡jeo end ln
paraì.le1. îhese resistanoeshave, moreover, a non-lineer (ex¡oncntial)
relation between trculr.'ent" and t¡potentialr'.

é-
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Àn elecl;rlcaI resistance shor'ring a re.l-a.tion be'br.reen cr¡rrent .nd.

potential of the fot¡t¡ 
1

i = c.t.(u) ã (cor¡are forrnrta 2) (-l)
uould mean tha.t, ¡rovided. tha value of n ('oetween 1 and 2) and tìra,t

of C could be ad.justed. at',.ri11 , the problem couId. be reo.ucecl to an elec'vyioal
circuit of reslstances and. {poups of resistances irl r¡hich the currents in
the ci¡cuit form a certein scale of measu¡ement for the air transporl,s,
whilst the potential differences ars representative of pressure rlifferences.

llhe experin,enters succeedecl in const¡rrcting such resistanccs r.rhereby

eech window or rloo¡'eraok is irnil;ated by one ore more electric lanps connect-

ed in parallel, ln conbination with series or shr¡nt resiste.nces or both.
See fig. 3.

The elec'trical analogue instruqent evolved by the Institute for h¡blio
Eea.lth Þrgineering TNO is provicled. with some forty built-in resiste.nces
of thÍs kincl , the prol.rortiona.J.ity cons"cant C., ?ermitting regrrtation in the
ratio of 1 to t0, so thn't the ratio between nra.xirn¡'n ancl mj.nip¡r¡n resiste,nce

1n the growrd plan consiclered. is Ìikewise 1 to JO.

An itlr¡stration of the inetrument is given in fig. 4.
The instrument ig provid.ed. r.rith a neasurin¡; panel on which the our.-rente

(= air transports) :-n tl'tc' ci.re¡rit can be deternined-,

Iher¡e,l pressu¡e riif ioren-ces

As aL¡ead.y stated., in Holland- therma.l plessìlxe ùifîerenoes resultin6ç
from temperature èifferences generally are of minor infLuence on the
ventílation since:

- the temperature differences are generally small

- ïÌre wind constitutes a more important faoto¡
- the combination of str'ong 'rrind and low tr:nr¡e¡atr.¡re occurs

rerely.

trbr the higher buildinge, this chinrney' efieot doee, howeverr p1a.y

a roLe. This thermal pressr:re difference can be includeC in the elecbr.ic
anafogue as a separate, eJ-ectrice.l voltage in the electr1ee.l netwo¡'ks.

G.
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Influence of the winal on sreohanical vent tion systems

The foregoing practically so1e1y concerned. naturaL ventilation¡ }lhen

applying mechanioal ventilationr the wind. r¡i1l also be of influence on the

varlous air quantities. In ord.el to investigate this effeotr we shaI1 firEt
negÌect those air quantities Ìrhich dlreotly result fron the nind. a¡rd. whiah

nay be consridered. und.esirable d.isturbances to the ventilation quantitiee
which were calsulated.

Und.er this a.ssumption¡ the influence of the wind. is sole1y nanifested.

in the forn of a pressure clifferenoe between intake a¡rcl outlet openings for
the partioular build.ing. Schenatically the variation in pressure is presentetl

in figure ) for an installation having a ventilator for both air supply a^ntl

air exhaust. For the sake of sinplioity¡ a oonstant rate of pressure órop

has been assumed. throughout the circuit. In atlrlition it has been assuned.

that the ventitators for alr supply and. exha¡¡st d.evelop the same head. The

upper ourre of the figure represents the sj-tuation when there is no wid.
A a¡rd 3 represent the pressur€gat the openings for air intake and. outlct¡
in this case ze¡o. 0 represents the pressure insid.e the roons; for our oa.se

it has been assumed. a.s zero although it will generally be selecteal a llttle
higher in ord.er to prevent draughts. V., and V, are the ventílators for air
supply and air exhaust respectivel¡r. In oase the wind. exerts the "ao" 

píes-
sure on both openlngs, the entire qurre will be shifted. and the urechanloally

d.Ísplacetl air guantities nill not be altered..
A d.ifferent picture resulte when a pressure d.iffe¡ence exists betrecn

the openings of air intake a¡d outlet tlue to the wincl.

For the case sketched. by the lower of the two curwes in figure 5r the

wind. pressure will contribute towarcls aJ¡ increased. air supply. The total
available head. becomes hi.ghe¡ and. the air quantity inoreases.'Ihis is ap-

parent in the figure from a steeper pressure d.ecline resulting fron the in-
creased. Loss of prec¡sure. Vice ve¡sa, a negative pressure difference at the

air supply openj-ng will cause a decreage in the total head. anil the preg;ure

drop will be lese steep, tlind. therefore aclversely affects the ventil.ation
in this latter case.

The rate at which the air quanti.ties are altered. is d.eterrnined by the

slope of the curve of the ventil-ator characteristic¡ the steeper the slopet

the less the change in the ai-r quantities handled' (Fig. 6). AJ-so of in-
portance is the relation between the pressure head. inorease caused by the

wind to the total available head, of the ventj:l-ator. The larger tbis relationt
the l-arger tbe percentage change in the air quantiti-es.

!'ig. 6 illustrates the manner in whlch a favourable wind. pressure will
affect the air guantities of a ventilator in the ca.se of a flat or a steep

oharacteristic cürvêo

é-



Influence of the nd on laraer bu havi ical v tion
The af'orenentionetl effect of the vind p1a¡æ a nore inportant roÌe for

builoingS of appreciable height, which have been provicied. with a nechanicai
ventilation system. When in the case of an ur¡favourable wind., pressure d.if-
ferences ¡esu1t between the points of air intake and ai¡ õutlet, then the
tlesired verrtilation pattern may be appreciably aistur-oed..

.ü'o! a building havÍng windows which can be opened,, appreciablê cross-
flow ventilation nay further result, thL extent of v¡hich is dependent on

the tightness of the windon. This cross-flow ventilation nay iike'rrise d.is-
turb the scheduletl ventilation pattern. tr'or fu1ly olosed facades¡ this fatter
possibility is exaludetl.

One of the first neasures which can be talen to li-mit this und-esi¡ed

pressure d.ifference is to have intake and outLet openings close 'bo each

other so that the influence of the wind is practically identical f'or both,
If for any particuLar reason this is not possibler a second solutiotr is to
spread the ai¡ i-ntake opening over various d.irections. This nay be cione for
instance by an air duct running f¡om one facaci.e to another or by placing a

suction manlfold. on the roof in which air may be drawn in fron arÐr o.j-rectior'..

This solutjron limlts the inl'luence which wind can have anci also reducês :iir r,r

effect of winri o.irection.

Sone exarnpl,es of the use of the analogue that ¡'¡as d-eveloped.

'l . The first example given is the design for a 1!-storey ouilCing, wr¡i.ch

Ìras i.nvestigated. by means ol the electricaL analogue. The buildln6 was pìarr-

ned. to be mechanically veniiLated, but some quelies arose regard.ing the

design of such an instalLation.
ti¡e to the height of the building and long verti.cal air chan¡re1s for:;:ctL

by the stairvrays¡ the stack effect could. be very appreciable and. this mi3ir;

cause draughts i-n corrlclors. llhat forces r¡ouÌd be expericnoeù on the door¡,;'i

The wind gains in strength with neÍght cornpared. to bhe si-tuabi.r;: '-,'t

ground, level, where surrounci-ng ouiloings affo¡d protecti-orr.
þthat would be the effect of opcnin¿'nindows on tle hi6hc.st;-;boreyc r,o

the mechanical- ventilati:on systen'? tlhcn opening a wirrcio\Í, íi Iar6i ¡.ro¡c::trt n
of the air supplied by venti.lation wj.Ll- obviously dj.sappca.r cutd,)críj. Yia lhc

room Ín r¡ìrich thc wi-ndov¡ is opened,r wind can aïfect +"ne ventrlation syirterr

a¡rd this may result i-n a certaj.n measure ot' unbalance.

IÍ tire e¡i¡¡d9'.rs ccn oe opened, even in closcrl posit:-on rni''iIt.r':i'.iol', ¡r: - -
exist. in winter time this implies a.Lcitio¡rri rrc:ü'u l-c:;¡r. J-:; i ¡, p1::;tli jri ;,

es tin¿Lte t:rese losses befo¡eiiar^rl i:r ¡'r'.Le¡ to h:.ve sr¡i'ii.cirnt i:'r,'crn:rtion
rrgar,llng b;:e query v¡heiher wind.ou3 shculd be r¡ovaol-. or L'ixect?

e-
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Eirst of al], results are presented of "o*" ¡sasLrrements to d.eternine

the magnitude of verticaLly moving air quantities resulting fron the staclc

effect, together with those when wlnd and stack effect a¡e combinetl; the

¡esuLts being valid. for éIosed. winalovs ¡¡ithout ¿rny neans of mechanical

ventilati-on.
FiB. ? schematically iLlustrates a few storeys of the build.ing showing

the location of the various roons. The internal cloors antl wind.ows have also

been ind.icated. It is added that the C-va1ue aesuned. for the wintlows na.s

?., í.e. reasonably good flts. For inte¡nal doors of the roonr the O'-value

has been assumed. as 11, while the C-value for the d.oor to the entry hall
and- d.oors between corrid.ors and stairwaðrs was likewise a.ssunetl as 11. For

an outd.oor tenperature of -1OoC and. a tenperature in the build.ing of about

zOoC, the air transport due to the stack effect is as shown in fig. ?.
The pressure Levels at the various points are ind.icated. by encircletl

nunbers ¡ the d.irection of air movement ind.icated. by an &rrow while the

nunber near the aTro¡'r represents the air guantity involvecl. The sketch shows

the situations existing at ground. level¡ the firstr 13th and. 19th storey
(for the sake of simplicity interin s,toreys have been onitted.).

On the lower floors¡ air will enter the build.ing through gaps at
r¡ind.ows and. doors. This procedure will becosle less ¡oarked. with helght up to
the neutral zone. Above this zone¡ air will- leave the build.ing at a rate
increasing with height. The neutral zone wilL be slightly below half-way up

the building on acoount of the entry doors on the ground. floo¡.
tr'ig. ö 1lì-ustrates what will happen to the building under the a.ssuned.

cond.itions for a nlnd, velocity of 'l mf sea. F¡om this figure j.t is clear that
even on the top storey the wind. has not fully neutralized. the stack effect.
0n the 19th storey nanely, air still passes outward. through the wind.owg

even for the sid.e of the build.lng facing the wind..

At the wind. velocity of 1{ n/sec - s€ê fig. 9 - this effect has

entirely vanished. It is, however, very clearly evid.ent that this effect
aclversely influences natural ventilation for roons facing the wind. in the
upper storeys.

The pressure d.ifferences at several doors give an impression of the

forces acting on these d,oors; they have been expressed. in kg p"t *2. On the

lpth storey and for a r¡ind. of lQ a/sec which is perpend.icular to the facad.e

a¡rd. for a simultaneous temperature d.ifference of JtJoC between insid.e and.

outsid.e, the force acting on the d.oors between stairways and corridor will
be 2 kg p"r m2; for a 7 m/sec wi.nd. the force wilL be J.ô kg p"" 12.

For the tests includ.ing nechanical ventilation, tb.e d.isturbance caused.

by the wincl was only limited ciue to the fairly large head. of the ventilators
for the air supply.

e-
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Pig. 1o illust::ates *,he situation when in ad.ci.ition to the p¡esence
of -rinrj ¡1 us a temperatw'e d-ifferencer & wind,ow on the top storey is opened.
Even for a moderate r.rind. (? ,frrec), it is epoarent that the vontii8,tion
for the pariicular roon is ap.:rreciably affected. w-ithout, Ìrowever, co¡-
sicÌerable ùisturt,a.nce to 'the ventilation sys'i;em a.s a r,hcle.

2. The seconcl e:<anpJ-e cr-rnccrns tì'e -¡o¡r'i,iietion of a laboratory hr,nr.,l.ing

îadio-¡'cti-ve 2rod-ucts. Ìieasu:'eo were eôscn1;ia,l to avoid radio-active
coni;i¡rrination and to enslll:e a particu.l-a.r ver¡tilaiion ¡rattern und-er all
meteoroforÉca1 cond.itj.ons. Briefly summarisin6, the s'r,ringent d,elnnds

concerned avoiding the transport of contaminated a,ir from certain rooms

to other o.uarters rurder all cir.cumstances.
Fig. 11 sche¡nabically shows the building.0n the upper lef't is the

cyclotron containing the products usecl for the nanufacturin6¡ prooess which
is carried out in the vring at the back of the building.

The Lower storey of the front wing mainly contains offices and the

we.rdrobe: on i;ì¡e ,.ìrl,t lranr) sirle oF the upper storey there is a. space caIled.
r'1oiv-l-a.b" whcre a lc,w degree of ¡-'adio-active con'ua,mina.tion lnay be nresent.

Eig. 12 il1ustrates tire plan of the'lower storey intJicatin¿l $ith thick
ar:corrs the tl.irecbion ol the ai-r moticn patbern which must be'ìrain''üained-

unrler eve.cy condi-tion.
Eig. 1l shows the plan oî the upter storey shoring "1ow-l-a.brr and an

ins brurnenl;a.tion l:oo m.

The eol-l-orrint ques'"ions cr>uld be put;
1. f s iL poscibLe to adjust the exhaust systen i-n such a na.nner

that bire ab,¡ve rnoni:ioned cìenrenrls are .[\r]-fi11ed irresnecbive
o-f, l¡inrj rl j:r:ectj-on or st:eengih, so tÌrat the uss of auto,nati'c
n.èans of coni;;:ol is avoi-ri-ed.?

2. l'iil-1 'oire (sub) pressure ler¡els 1;hat ocour be,1l.or.¡e'oIe?
(for in,r'r;ance,¿Íth:regard to tlre rìesign of doors anrì,'.rinrìons).

l. liha,t are the essrenti.a.l ar,renclqents necesrJe.ry 'co the cnilciing
and the veni;ilatj-cn sy:s i;em in o.rùer to achievs the alr>v'c

rnentioned ?

{. .;.}rat is the infl1ur:nce oI the ai.r.quantlty inÊilteating
tb.-ou¿h windor¡s anri rìocrg to the speci lied cìernende?

The buj 1rìing is sitrrated immediately 'oehind the r) ¿nes : h F. i.::r..v rhrr"l
,ìj.;Lance i'r.,r1r l;Ìro :ii'ia .-'o tì ¡.t onc '.usl; r.,;cìrqrn :¡ir.h th+ posl.rihil.il¿r rt.'
sii,.o:'¡ ;i,..,: .:. rlon t',,;, l,i.sri a '..¡ind "':'r oiit.y o' 'l 6 n/sec '.'a;j Lsrìu,:ìerl .

C:-



¡

- --10-

Description of the test
In line with the previously reoopmend.ed. procedurer the pressure

clistribution wa,s nea,sured on the noclel in the wind.tunnel for ö wind

d.j-rections. In add.ition to pressure d.eterninations on the facad.es, sinila'r
neasurenents ¡rere nade at air intake and outlet locations.

llith the aitl of the electrioal analogue, the atlclltional requirenente

ïere establishetl to fulfil the d.enand.s in oase there is no wintl. It wa¡

for instanoe necessary to install separate air supply fans for the hall
and for the Low lab anrt to install an extra olosing d.oo¡ in the corridor
near the oyclotron. This situation is depicted in fig. 1{.

Ilhen introducing the effect of ryind. into the eleotrical analogue, it
becane clear that the location at which fresh air was taken in was Pa¡ticulal
Iy unfavourable. Diffe¡ences betrüeen the preosures at air intake openlngs

for the fans of the ward.robe and. the nanufacturing plant were plopagated

praotioally without change resulting in excessive Oifferences of pressure

between various build.ing seciions.
Fo¡ d.ifferent locaticns of these air intake openings (fig. 11r P and. q)

ancl when these are fitted. v¡itb s¡991a_l_Iy tþ?peg ho_g_d.s¡ the snallest possible

pressure d.iffe¡ences reàul-ted. between both air intake openings.

The pressure variations of the air intake openingsr point P for the

hot lab and. point Q for the front wing are presentecl climensionless in a

poJ-ar diagranr fig. 15.

îhe largest pressu.re d.ifferences occur when the wind. is l{NE a¡rd. S. AF

particularly strong wind.s frequently blorv from the S1{, the air balance in
the bui-1dlng was investigated. for a J named oirections (fig's 1-6, L7 and 1ö).

It was concluclecl for instance that even without applying a.r¡y controls
that the d.esired. air current pattern wou1d. oe obtained.r while higb valuee

were obtained, for the underpressure in the cyclotron.
From a further test it was clear that even at high air infiltration

rates at the wind-ows in the manufacturi-ng halI r direction of the air surrent

in the corriilor tlouÌcl not reverse.
The results obtai.ned. allo¡ved. a reply to alL tire queriee that ¡tere

submitted.. It would. have been desirable to have made the test priol to

connencing the actual building, tuhen a simpLer and. more elegant solution
would have been found..

0onclusion
The examples r.¡hicn are ;iven incLj.cate that al-l the factors of influence

on the ventilation in a buj-Lirng rrìricii t¡ere narned in the introùuctionr can

completely be introduced into the el,:ctrical analogue. It is possible to
predict und.esi¡able situatior:s by thi: means r¡ith a fai-rly large nargin of

certainty and thrs m4v oe ta.ten into :-ccount in the ùesign of an installatior .
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