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f SYNOPSIS 

This psper deals with the problem of the weather influence on v e o n  rate for ventilated 
buiidhgi4 with purpose pr& openin(Zs d vertical &a&. Witherto, it has not been 

ortoex#mplate i t forotherw~condi t i~ l l~ tbnthe~redoores ,wi thout  
Mcm exercise by means of nnming a computer prognm. 

In the paper a prediction as well ns an extrapolation procedure is outiinsd . The prwed~res are based on 
genedm4 o m  data fioln a single uwe idkation and verdilaton model (AIDA). The 

. . 
Ons 

are made up by means of two simple equations in which the n50, difkmce between indm and outdoor 
wind veludty and a simple desaiption of the purpose provided v e o n  devices are input 

Validstion work is in progress and the tesuits mg thiswillbereported sttheendof1992. 

ventiMon pesfbmed by means of tracer gas technique are aften related to 
spedfic occasions with their specific outdoor clirnatc c d m .  

In order to be able to use such m e a m m u d  data, for the ventilation rate for naturally ventWed 
buildings during a more eason or a standard condition e.g, it is necessay to 
b e  a calmlation or tshation 

There are 86 least two principal appnmcb possible for the extrapolation. The first one would be purely 
statistical by fequ sindies of the vedation rate under diffrrent prevailing climaiic 
conditim for a set of . The involve use of a theowtical model for 
t h e ~ ~ o n , a l s o t a k i o g i n t o a c c o ~ t h e  e of the house. 

The stahtical appro& is nss with heavy work in perfbmbg detailed measuremerrts on diffkent 
ings. Robably t&e work needed to be done is fiy too extensive to be a realistic akmmtive for 

The theoretical approach would also involve d measurements - apart fjrom the &eoretical work with a 
model - on as& in & to validate the model used. However the number of xnammm& 
m l d  be hited, the pure statistical approach 

A theoretical model for the calculation of the vdIation rate of a building, based on wind data, kmpature 
data and air tightness data for the buildkg was pre.sented by one of the authors m 1980; KRONVALL 
(1980). It ww ~~ that this d e l ,  more or less modified, cwld form the basis for the k i d  of 
ex;tnayolation needed. 

We lation md prediction must form the basis for 
eapoMon 

mdoned rtbove, is based on the use ofthe fall 
for the preseat discussion 

where: 

n - - on (ach) ttnou&the build& envelope 
inthe errvelclpe. 

n50 = 50 Pa ( a 4  iaclubg the durn of purpose 
flues 



b - flow 

air 

Qext =outdoorair (OC) 

u = wind velocity at 10 m above ground (ds)  

The ratioaale of the model is the "power law" for air flow ttnou& a building c- e.g. l%e 
equrdim fbr the "power law" is: 

where: 

Q = rate of air flow through ttte building ( d s )  

4 = pressure dB- (Pa) 

b = flow exponent (-) 

A = area ofthe building 

The envelope snd the purpose provided opeahgs are also 
k.iuded in the buildi- is described in tZle factor n50 / 50 b i n  
the model. The average pressure ope of the house is described by the fk&x 
(c l  *(@&-Oe&+c2 +u2). The stic offhe envelope. 

to test the feesibillity of calculations were pcrfonned with a single zone 
simulation model - ility of c w r o g  the 

results of AIDA calculatiolls for a set of build* and for a set of wiud sad temperature 
combinations would then be a proof of the feasibility of the model. 

Ifthis. is shown to be sucmshl it would be possible to predict the 
chosen types of buildings once the sit ti behsviour, the venrilatim and the weather 
conditions (wind and temp cliff) were given. . 

value would be close to 
t6e n50-value for the air 



4 DATA USED FOR S 

For the sirrmlatiuas with the NDA program a set of "sipifieardf' building types were c h m  a II storey 
detached home, a 1 It2 ak,rey dehched house and three d i f f d  flats in a 3 storeys multi-fdy 
house. These include a n B L a t o n t h e g r m o n d M r a n d o n t h e t o p B m r , a n d ~ a  

data for the simuIations were: 

Wind: ai we& station 

Terrain Ishielding urban options were: - open countryside 
d o m :  - scathed windbredcs 

- urban 
-city 

Floor: solid (ailtight} 

Wiodpr- according to the AnrC Calculation Techniques Guide 
&aeds: (LIDDAMENT 1986) 

S aata for each type ofbuild@ are shown in table 1. 

values in the d catmlations: 

- nSO 

cular to or along fke  wall) 

For each set of fhe parameters above calmMons were performed for *d v 
t Merenees between O and 40 deg€!. 

Table 1. Specific data for each type of building, used for s imu~ons  with the ATDA computer program. 

Building height (m) 

ceiling ceiling 



Vent 3 
I.wllion 

(m) 
l& l& ceiling &ling ceiliry 
2.0 2.0 10.0 10.0 4.( 

h(d) 30 30 100 100 lo( 
Vent4 

L4xation right 
Heirsht (m) 2.0 2.0 4.c 
-[=a 30 30 7( 

vent 5 
Locrrtion ceilisg d i D g  

(m) 4.8 6.5 
kl= 100 100 

Vent 6 
Location ceiling 
Hei& (m) 4.8 
(d) 100 100 

5 RESULTS 

5.1 Generaliuttian of computed ventilation rates 
by means of the model (equation 1) 

d by running the AlDA isshowninfigure 1to6. 
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In order to gerrenalize the computation results by means of using equation 1, it is essential to idude the 
imp& of the pupxe provided vd la t im openings on n50 d the eqmmt .  The mdfication was made 
in such a way that the calcuW air flow rates for purpose provided o m  for presrmre differences 
between 0 and 50 Pa were added to the flow rate dculaied by means of the original n50 and b values. 
Curve fittiryg using the l&-square method f i d l y  gave the modified values . (These modified values 
correspond to &me obtai~ed when a pressuaon  test with open purpose provided openings is p e r f d . )  

tate for differend wind velocities and 
PRO 4.0). This hasan based an 

tinerrr-p#g technique, which warc used in order to d e  the values of cl and c2 in the lPodel 
(equation 1). 

Fitstthe value of cl (the 
thatthewavei-w 

ventibion values acc. to the model and 
value was d c u  
2 - 1Q-3. %q it could 
md v d h n  mdeJ 

i&cl aadqforfhed cases are sbwn in table 2. 



Table 2. CoeEaentg cl and c2 for difheat simulation cases. 0 deg corresponds to the case when the wind 
is lar to thefh  and90deg to winddongthefacade. 

Typeof Tempe- - Wind -- -- _I_) 

bnoding ratam 

1 Storey 0.018 0.024 

1 112 st 0.022 0.035 

Ground 0.051 0.057 

0.013 0.016 

As can be seen in a l e  2 the mean of the 4 c i e n t  el takes n value of 0.017 +/- 0.005 for all utses except 
for the flat on the ground floor where c l =  0.05. This is reasonable as the ventilation shaft is higher in this 
m e .  The c;l values are m o d  0.005 with some variation for all cases, wbich is amonable &o because of 
the fact that the wind influeace was modefled in the same way for dl cases. 

The wind i n f l u d  d c i e n t  c2 is lower than the knpmture influenced coefiicient cl. Thus, 
it might be bmphg to use the model for prediction without involving the wind &ect. In ordex to see 
whether this is possible or ad a calcuMon was made of the relative M u m  ofbmpmture only in the 
apmsion for the wind rtnd influenee in equation 1. The results are shown in figure 7. 
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Figure 7. Relrdive irdluence. 
'Be& case" c w &  to the case witb the smallest difEenee between 
I mid CZ, i,e 
'Worst case" i.e. the flat on the 
pundfloor. 



It is obvious for the "bestH case, which is signifid for buildings on the ground and h i g h  up in i multi- 
storey h i l d i i  that the wind-driven is of i-datively low e conapared to the temperature- 
driven - at least for lower wind ve10c&ies (< eppr. 4 ds). For the case with a flat on the ground floor this is 
Obviowly not valid. 

5.2 Outline of a prediction procedure 

Using equation 1 for prediction of the rate in a bui ld i  involves the following panrnrreters to be 
settled: 

n50 The air parnrnder which also should d e c t  the influence 
of purpose provided openind4s. 

b The flow exponent cormyonding to 1150 above. 

Oint-Oext re d i f f m  b e e n  in- ;bnd outdoor 

u The wind velocity. 

Originally a hypothesis was that - due to different flow cha&mb 
. . 

cs for large and small (resp.) openings a 
cracks ation between the n50-value and the , so that for low n50- 
values ue would be docre to 1.0 aod for high value would be close 
to 0.5. 

This hypathesis was tested by analyshng some 30 pressurization test resub - more or less arbdralily chosen 
The r m l t  is shown in figure 8. From only a quick look at the figre it is obvious tbat the hypohis  should 
be rejected. 

Figune 8. El~ponent v h e s  plotted versus nS0-values. 

, a d u e  for the expo- mst be chosea 
value of 0.7 would be reasonable. Besed on this sssu 



for the influence of 
P m w  

Figure 9 Figure 10 

Figure 12 

E 

Estimate the v d a t i c m  rute urban area with n50=4.5 ach 
at 50 Pa Thc wind velocity 4 d s  andthcdiffenence 
between outdour d indwr area of pt~rpose proviw 

&I 200 d. 

The n50 value does not accourrt for p q o w  provid so it has to be modified for 
use in equation 1. This is done by means of using infigure9. Fmthisitcaube 
seenthad the modified n50 will be 7.3 ach at 50 P 0.60. 

hmtable 2 ; ~14.02, ~24.004. 

Now equation 1 gives the solution: 

n= 7.3/50~-~~ * (0.02*23.5+0.004~4~)~~~~ = 0.48 ach 

As outliaed in , it is possible go get 
B M ) ~  sirnp1 k g  equdon I for the e 
(I), eq. 3- 

It can be seen that 6 0  m lonw influences the dculatim. This is reasodle since the base case (1) gives 
the relative level of the v on nrte for Uhe house d the lation only djusls for the 
C O ~ M L  



6 F U R T H E R D E W  NT AND VALIDATION 

that a validation exercise must be d e d  out in ordm to tat the feasab'i of the models, both 
prediction [q. 1) and the d e l  for extrapolation (eq. 3). The purpose of fhis p a p  i merely 

to present an outbe of a possible way to onveritiletionrates in 
nottooc~mp~buildirryys,whi&eanbe 

An d e n t  o p p b d y  to carry out such a validation [and possibly adjustment) work wiU be given via 
a ameat investigation of the energy perf- and indoor climate of Swedish houses, u- by 
the Ncrtional Swedish IostiMe for Building Research 1 600 radomly selected Swediab single d mu@ 
fantily houses have been i n v ~ ~  by impctim and lneaerureoaents on site, during 1991-92. 
NORL~N et a1 (1991) & STYMME et a1 (1991). Among many other things, the vedlation rate has been 

in each ofthe houses fot 3 - 4 weeks by meam of a passive tmer gas technique (PFT) developed 
atthe iostitute. STYMNE & ELIASSON (1991). Fuitbermore, a sub saoaple of some 100 buildings out 
ofthe 1600 ones are being studied more atexsively regadimg veut&ion e.g. Jn this sub sample the 
wdation is meamred also by meam of tracer gas decay method. This will give an opportunity to estima& 
tbe occupant's behaviour wit. regard to venthtion fot the houses tPYted with the passive technique. Finally 

group of 19 buildings out of the tdal sample, mimdy veodilated with vertical dudis, is studied 

These vdidrrtion exercises will take place late of 1992 and will be in 
the end of 1992. 
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