
L)c gerncea luehtstmmingJrichtingen in bet gebouw wcrden ve~elekea met ten eerder v&& 
o n d e m k  met een veotilatie-andogon. 
Zowel bet windaunnelondcrrock als hca malqponondemk blijkcn pwd ovcmen ss stemten met ds 
werkelijkkid. 



COMPARISON OF INTERNAL AND O m % D B  PRWBIRE IDImRIBBUTIONS 

--AIR TRANSPORT 
Dl WECTlONS 
REQUlWED 

For Amsresdam's Board of Works and Public Buildinp 
the Indoor Climate Division of thc TMO Rcsearch 
Irastilulc for Environmcnlai Wygiens studied. in 1969. 4he 
prcrasure dislribuliom So bP exp~clsd  around and in the 
Sloaervaars Hospital to $c built in Amoerdam I! 1. 

The five nuning flmm a'61h to 10th floors) of the hmpital 
are built in the shape oh a cross. Each of its four arms 
coven about 85 x 52 m. On cach floor. there is a central 
hall on which the four arms open. The k d r m m s  rand a 
lounge for the daytime src in cach arm on one side of the 
corridor and there arc rmms  for various pu 
other side of the corridor. such as isolation 6wms rand a 
vcnlilaiion room. 
Thc aim was to indicate facili8ic.s to: 
- prevent air transports k lwcen thc arms of one floor: 
- maintain an air f law direction from the corridors to 

ths rmms on h o ~ h  sides. with the windows closed. 

Figure !! shows the floor plan of one of rhc nuning floon: 
the required air flow directions arc indicated by arrows. 

To underpin thu advice ro be supplied. elccrric analoguc 
mdeP nc~hniqucs were used to study the influence of !RC 
wind on thc operation df the ventilation syrrcm designcd 
when using different kinds of doom and windows 621. 
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One of the input data needed was the expected wind 
preoun dhtribulion on the building. In the d a b  stage, 
Lbas prrraulll can only bo meuurtd In a wind-tunnel, 
so Ihr complementary rucuch on U model was 
aeccrru~ 131. 
F m  the mrlb of the mcuurcmcnts, lltcnliom in Iha 
ventilating smcm were recommended to meet the rcquil~. 
w n t r  cot&ning che air flow directions. 
she wastnmiorr of the hospital was complcltd in 1915. 

Afm that, tbe acw tasks were: 
- to &tennine tba air prruum distribution uound the 

buiklbg u function of Ihe wind dimtiw, so that 
tbc measuring raulb  of the wind-tunnel study could 
be tested; 

- to decerniine tba air now dircclionr through door and 
window cn1~k.8 to rce whether Iho air uPluwrt 
a a u a ~ ~ y  occur u may be expected from th; unnlogue 
eX$cbalt. 

This p n c W  study was performed in 1976. The raultr 
will k d k w d  in the following. 

In name. thc wind velocity ten& to decrease with ruighl. 
Tbe form of this velocity profile highly depends on the 
number and the dcd ty  of the obstacla upstream, which 
m y  k characterized by a rocallcd roughness factor Z,,. 
Acaudhg to 141. from which Figure 3 has bccn borrowed, 
the d c d  I ~ l h m i c  law is valid for the velocity 
p r o r i  

N a t d  pbcnomena can be sinlulatcd in a wind-tunnel 
provided h t  the velocity profile to scale quids that in 
nature. Thir might be r d i  if a model of the environ- 
ment would be placed in h e  entire starting strip of h e  
wind-tunacl fw different wind directions. Two Danish 
rrvcucbcm, Jeorcn and Fmnck, have devclopcd 8 mclbod 
creating 8 bouadory of the environment, with awl the 
ume velocity profde u that in MIUR. The roughness 
LW of thc d e  model of the tunnel floor murt rhca be 
Ibe as in reality (9 This was achieved bp placing 
&iatbtuurncl inazi~pattem.  

+ & ~ f . c i o r t h u t o b l . i a e d w u Z , ~  13mm 
whiCh. intkmodel~0f1t0200. .gmrwilb 
2 =S 26miarcdity.Warruuaedthlrroughnar~k 
cqurlfor.uwioddkcthu. 
P i  4 rrprrscatr Iha vclocily profile in lha 
~ u u d l u I b c d . a i r r d l h e o m i c r t p r o f l k . I b a  
t h d a l  p d i  d c n  to Iha average actual wind 
velocitkrInluturr,cbowiadv~au10dirrctionuul 

F r r m  r 
Vrbrlrr pmltle nrurrnl I* rhr rid rwuvr 

'L ACTUAL HEIGHT (m) 
HEIGHT IN WIND fllNNEL (M) 

PROFILE MEASURED 
IN WINO TUNNEL 
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force. Tlm Iowa put of h e  velocity profile In the h m d  m differs from Lb8 tbtoratical one. 'llhi, also occur8 
ia reality bacamo them h r suong mixlng of the lower air 
Inyen caused by tho proximity of the obr tnc1~  From 
Figwe 4 we #e that tha meuund velocity profile in tho 
wbd-tu~el rk,w 30 cm (which is 60 m in d i t y )  diffen 
from th4 llmretiul profile. Tho velocity hl tha tmdb 
nub4d air flow at half the t u d  height when Ue pilot 
tubsmrplr#d,rgrcowihthovaloclty at rrcalhajght 
ot M m. 
To meuura tbe msuru on the facrda. a total of 58 
prrtwsmasu&gpoiabwuaued hIhsmodel.Tha 
prrtwslewkfortbaalghtwinddicact&mwuedctcr- 
mined by tudag Iha model. Thcy ware maasurrd U 
prrtrum diffueaces in relation to the static prertura at 
hlf tbe turract height. The dynamic pretrura @mpdhg 
prrrrutc) of the uodistwbed d r  flow at Mf the tunnel 
height wu also measured with a pitot tube. 

Beauw tha pressure Iev& meuured in tha model us 
dcpmdant on the wind velocity in the tunnel, they were 
collvortcd to r pucealage of Ihe propelling pressure at 
hlf the tunnel ladght. 

23rracUcdrsrcrreL 
23J Working method 
Tba p m  ruloa around the building were determined 
by c o l r d n ~ ~ ~ ~  ncordinp of tha pt(rtum difference over 
the frgdcr of oae wiag of lha hospital (hrlhvry tha north 

a-). 
Tht wrturiag period ran from 14h  May 1976 to 20th 
lure, 1976. k thlt period, all wind directions 
whh vuiow wiad velodtia (0 up to 10 m/r). 
T o ~ t h o p ~ m e u u r c m c n b t o t h a p r ~  
w&d*clodty ,copksd~wind~onmdwiDd 
rrlodtl,rrcopdinplatSchipholwaraccnttourbytha 
UrsnH M ~ r d o g i a l  Unit of tha Royd DutJl 
Me(sotdodcrlInUINtaThar~perbauolul0 
wind vdadty and tha wind direction wen derived from 
tlust. It reemed jurtifkd to W thcsa data for 
Sbtemut Horpitlr because of itr situation near Schiphd 
ikport 'l[ha dynamic preuure at a height of 70 m cm Ibe 
loadooafthahaspitalwudedvedfmmrtrewind 
v e l o c i t y ~ t r a t a h d g h t o f  10matScbiphdto 
asuparotherctrulwindprruwerwiththoaahtha 
wlif&md 
EqDIObrr (1). to t41.8pph to 8 W 
275 m ;m F i i  3) for flat land without buikhp, 
auwq which ul0 alrK.undings 
carntcd~wkd.bowfuch 

forthcaarldrtrofrtowo, 
oflb8borpit.lmybacounted. 
werc+,EromE.?gurs3,thatthow&dvelodtyotm 

r ~ t o f 7 O m o n r h a l  

at Schiphr4, with tbs rld of 

equation (1). The roughneru factor uted for Ihe hospiull 
was & n 2.6 m, whercu chow facton for Schiphol 
variad with lha wind dinction. 
Thew wen rent to us by the Royd Dutch Mateorologfcal 
fntthute, Do Bill [6]. The propfling pressure at r height 
of 70 m on the location of the hospital w u  calculated 
with. 

Befom the windows, about half-way the length of h e  
north wind facade orientalion East-Wut on the ninth 
floor, wooden ahutten with five pressure pointr were 
PM (m 5). 
The avenge pressure of these prcuure points reprerented 
Ihe fagads pressure value. The prcuura difference 
between l e  fagada was measured continuously md the 
Ihc momentary value was recorded on tape once every 
20 ~condl. 

Thc meorurements werc processed by a computer, with 
which avcragcl per hour of the pressure differenca 
between the f a w e s  with their standard deviationr were 
detennincd. Avcmger per hour of wind dircctionr and 
wind velocilier wcra Men from recording strips from 
Schiphol md put on tape. The wind directions were 
rounded off U multiples of 22.50 and lha wind velocity 
at O S  LD/L Tha avcmgcr per hour of tha pressures 
measured wera aorted by wind direction and wind 
velocity. Tha tehtioNblp belwean tha averages per bour 
of tha meuured prcuura differences md  squared wind 
velocities at Schiphol w . u  then derived for each wind 
direction by sl~tirtical processing according to the 
relationship: 

6 Md 7 illummte tha ngrfuion lines for south 
wat  wind obuiaed with equation (3). Tha propclling 

a1 a height of 70 m on the location of Iha hospiW 

HEIGHT OF 
WINDOW 
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* ~ ~ t e d f o t ( ~ ~ V l P l o C l t y o f 8 m / r , ~ C 2 )  
rod(3).'nnpnrwtsdiffucnc#withIhl,wlnd~oclty 
mndaivcdfnwtbe~onUoafot#chof tbe  
dr#carviaddimuh. 
Ia~8,theprrtwtedUferemovcttberrorchwiadb 
a r p r r s r d l a a p a c e n ~ d t h e p r o ~ p ~ r t r  
hdght of 70 m u a funclion of the wind direaim The 
cmarcrreprs~lr1Ibopr(rturadAffuurccl.fouadinrbr 
wIad-tuaacl~oa.Tlaenumberdhounof 
occunrncs for the wious wlad dhctio~ h e x p d  u 
aluadkaolrbo~diraaloahFipura9. 

UCrdmkrr 
Q T b e ~ o n l i n U o b r r t n J ~ t h t a  

d i l f ~ o v ~ I h o w i . q p r a d ~ w i a d v c l a c i ~ c l l l b e  
duived from the avcngcn pcr bour. 

(b)FQ~m8thomhtawryloodr0rremcot 
ktwecn wind- td  f lion rad mu 

(c) l l w  wind prrrturrr with weat wind wu6 found to ba 
b~hthercturlmeuurcmenbthninlbowhIbs 
~ i o d - t ~ S d ,  8 d  lower with M wiod  
This may be otplrined u follows: 
In tbo wind-tunnel examination. the was 
ujumcd the same for 111 wind dircctSonr, bucd on M 
avcmgc dcgrcc of building &round the borpiul. On Ibs 
WCS! side, them uc lower buildings in the fonn of 
ttora. On the cast ddc, however, them uc m y  higb 
buildings up to aeu the haspitd. So. west wind 
encounters less roughness than was uwncd in the 
maicl u p c h n t  rad cou wind 8 m k t  roughaC#. 

(d) W& aorth.cut wind, 8 grater prcwrrs d i f f cru~~  
was found than might k cxpectcd from chc.&& 
~ u r m k u t i o n . ' f h i r m y k u p l P i n e d b y ~  
high building of Ihe Anthode vm L # u w e n k k  
Hospital wbich b situated at a rbon dirtmcc, to tbe 
NNE So. 8 lighter wind chug8 m!* be arpecled with 
NNE wind rad 8 stronger on8 wilb N and NE 

(e) With NW wind, lower prtfjwer were f d  in d t y  
th.a might k urpected from the wind-tunnel 
cxarni~lioaThiskcr~by(bcprrscaeeof 
bui;uings near lbc blood transfusion ccnln. 

AVERAOE PRESSURE DIFFEREMCE 
PER HOUR (Ap) 

URED 84 WINO NINNEL 
rrrvr 8 

9 
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3. 
34 
CLunldrrin.~rr#rlb~ftbduulOgw 
~ t y r t c m w u d a t g n e d u f d l o w r :  
Oacdrwiqaadoaerchfloorfmhair h h t m d d  
h tbo fq& into rt# ucaluating 
dithoed air b led to the room and 
trrotcpurtshotizoaulductr. 
O a a d w t r a v a r f o r ~ l t u u p o r t t o I h o ~ m d ~  
~ t b e o t h a f o r I b c a r r I d o r a a d t b a o t b t r ~  
'2barirottbcroomrwhlcblioowoorcpofan~ 
brrmaredbwroofvirMnicrlrhrltr 
A i r t ~ ~ p l a m t h s ~ t o I h e r o o m r b  
by~Iatx8r i rputoomt i l8nrupply in l i t . lbs  
dllfaraccbrupplkdfromtbacorrIdor(hrougha 
*caril.tiru crrL uadcr &a door. 
T ~ ~ t a i r ~ b c t w e c n I h o u r n r o a ~ ~ @  

ausqukutwitbc*lmwcuhcr,urak 
thmtl@thowltdowcnclu 
Toltnlrlbewladtrfluencconthcrizsof heair 
porqtrnrwi&rrrlbuluOecllp.dtyareuscd(blph- 
prr~urotyrtcm).InIbcurrlogucuumlantbn,af~a 
ooortrudioo~~w&dowwuutcd,-  
monblorladowrwcm~&lhcrc(wrlritualioa 
M a r e ,  r compukolr will m1 ba qdta comct, 

To dctam&e the d i d o n  of &-flows Lhrough 
radwiadon,thep~dirfucncerooIbero 
and window were merwrrd From the prcsnua differ- 
ara aauuul a d  the dimenjoru of 
m of tbaairtmnspoN 
clabc 

a n  ba divided &to two 

32J Det- of &e air /&W dlncrlant 

------------------m--- 

@ WLIWIE L M C  [h) 
l 
l 
l -2%. W W r  FLOW (mthl.rcJ 

in this urn W C ~  chosen U measuring room to delc 
the prauvc differancc8 on the doom and wkdows. 
rooms w six-bed room (on Iho west ride). and an 
U i o n  room (on the cast ride). P n s t m  dillc 
IbedoonandwiDdowsofbo~roomrwctcmerrurcdat 
m t h  high wiad velocitia with different wind dhdorrr 
and pr8cticrlly ulm weathr. 
Inductive preuum diffurrnca meten were wd .ad W 
oulpuc dgmb worn recorded with a Jx-Uaa writer. 

.adwIojomopca'Iksmartunfawnuabkdtuation 
will be whca oaly doon nnd wkrdowr on onc 
~utopcn,dtheroothrrwcathu-rideoron Ibc 
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Figw lob rbowr that rhs dr-flow direction ~hrougb the 
slx-bed m m  door doa  no1 yet turn wilh wcrl wind 81 r 
velocity of 113 m/s r t  B height of 70 m Thb completely 
comqonb with tha expcct~tions from thc a ~ l o g u e  
examination. 

With r strong east wind (v,, a 11.5 &), how how^, it 
appears that tha rir-flow lhrough lhe Lolalioa KKHn door 
turns uound because h a  d r  Itansport in calm wulhct  
b too small (Figure 1Oc). 

In FIgw l In, we res that Iba dr-flow drectlon through 
the door of the &-bed m m  (all but) t u r n  around wbm 
W the window lad the door of r room adjacent to U# 
&d.tiolr room w open with w s t  wind (vro 105 m/@. 

nK rrme was exp trieaced with an open window lo an 
adjacent room on the west f@e (m Figure 11~). Ihk 
mcuu the d a i d  &-flow dirrctioa will bo mainuintd 
when the air truupor~ through the doom ue c o d y  
adjus~ed and thc windows of the room under study 
c l d .  

tlIaedindltbcracimmslpncer,mw 
ankd out eiW with only r window or with a &or and 
~ i n 0 1 ~ O I t h e 8 d j a c c n t 1 0 0 l l ~ 0 f t h e w u u r k y  
r c o m r i n o p m ~  

ir 

W O U E  MEASUREMENT I 
W CloseD I 

MEASUREMENTS I W  THE 
WNOOW AS THEY WERE FOWD 



AL AND 6 m D B  P 

S. Often, the hill doon wem opened for 8 short time 
durfnl the measurements to Iet peop!e pan. B e a w  
Ihs dmn wen openled mechanically, they always 
opened enlinly md remained open for 8 ccrt.ia time 
(.bout 20 seconds). Thus, it w u  p d b l e  to conclude 
from Ihs mewriag rarullr what il, influern & on tbs 
mnsjmrt direclion& It appeared that them w u  rcme 
prrtiDent effect wben tha window were c l d .  In the 
actual pncticrl dturlion, however, the degree of 
diiurburce depends on tbe rira of the pressure 
difiuence which must be settled when ths door is  

buihhgs (In Dutch). IG-TNOs Publiccrtion m. 3M, 

V m m L y  m V#rul%ltkB jurJ PWdl, W. 6 



tics: dthu mmPble W 
k not pouible, dooed 

on averpgo presrura lavd In Ihu 00 
will adjust its&* However, it will bo 8 little higher (hpo 
thrt In the olher abw. 
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