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This paper presents the results obtained from a 

digital analogue method of calculating infiltration 

rates in buildings. The results are compared with a 

set of full scale observations carried out by G.T. Tamura 

and A.G. Wilson. 



NOMENCLATURE used in the main report 

Volume flow rate, m3/hr 

A coefficient, dependent on the orifice geometry, 
3 m /hr./m./mrn.wg. l/n 

Window crackage length, m. 

Pressure difference across orifice, rnm.w.g. 
I 

An exponent, depezdent on the orifice geometry. 

Wind speed, m/s. 

Total infiltratizn rete in building, air charlges/hr. 

NObTENCLATUI'RE used in -2-ppendix I 

C Helium gas concentrstion, proportion by volume 

CO Initiel internal :p-eliu.m gas concentration 

Ca Heli-m gas czxcer- ration at pcsition a 

y Window crack l.vidt?. 

1 Cross secticnal ler~gth of wizdow crackage 

z Total length of v;l:?dov~ crackage 

1 X Ye22 free path lexgth of l.,eii-~-~ at 1T.T.P. 

Vn Molecular velocity of heliun. at ??.?.P. 



INTRODTJCT ION 

1.1. To t h e  b e s t  knowledge o f  t h e  a u t h o r  t h e r e  have  

? ? e n  no p u b l i s h e d  compar i sons  o f  p r e d i c t e d  i n f i l t r a t i o n  

, u s i n g  methods s u c h  as t h a t  i n  t h e  1 9 7 1  I.H.V.E. 

Guide ,  w l t h  e i t h e r  f u l l  s . c a l e  c r  n 3 d e l  r e s u l t s .  The 

method o f  J a c h a n  a z d  d e n  Oaden ( G ) ,  and o t h e r  d i g i t a l  

a n a l o g u e  n e t h o d s ,  re1;~- 02 Szlay-c ing  f l o w  r a t e s  t h r o u g h  a 

n m b e r  o f  open ings  u s i r ~ g  a n  e q u z t i o n  o f  t h e  form 

- , 1,'l-L V = C.L. (a:,, 

t: compute t h e  v,llx.e 1?lo7ii r s t e  t?-rc3;.g12 e s c h  o p e n i n g .  

r' 1-r-ey z ~ s s n n e  t k a t  t h e  p r e s s u r e s  zn  b u l l d l c g  f a c e s  a r e  t1r.e- 
n, 

i l l v a r i a n t .  ?,To i c d i c a t i o n  i s  g i v e n  o f  t h e  dependence  of  

t h e s e  methcds on s72ch f a c t o r s  as b u i l d i n g  p o r o s i t y  c r  

? . e t e o r o l o g i c a l  c s t ~ ,  ,xkish a r e  SUS j e c t  t 3  c o n s i d e r a ' c l e  

,7 3 1 ~ r c e r t a i ~ t y .  i n i s  s a e e r  s e t s  o u t  t o  i r v e s t i g a t e  t k e  

I azcld.r,?*cy cf tkle ~ : - ~ ~ l s g - ~ e  bec3-ciq-~.e 

h 
I . L .  .&E i n p o r 2 a n t  p a r t  i n  t h e  d e ~ e l o p m e ~ t  of aEy 

a?I?.lsgue s y s t e m  i s  t h e  t e s t i ? g  of t h e  model t o  d e t e r r i n e  

t h e  l i r i 5 s  o Z  i t s  a-c-zzc; ;  by c o n p a r l r g  t h e  a n a l o g u e  

r e s u l t s  w i t k  f u l l  s z z l e  o b s e r v s t i o ~ ~ s .  The relatively 

s n a i l  ?-w--ber o f  f u l l  s c a l e  s t u d i e s  c z r r i e d  o u t  t o  d a t e  

s e r v e  a s  an ind1ca.i:;- 35 t - e l r  d l f f  lcl,:.lty. However 

l t  1s kecause  o f  t?-e p a n c i t y  o f  t h e s e  r e s u l t s  t h a t  t h e  

i r r . ~ ? r t a n c e  of  t e s t  1112 t k e  e - r s l z g i e  tee!-~~-1c;ue becomes 

g r e z t e r  i f  i t  i s  t: be used  es t h e  b a s i s  f a r  a d e s i g n  

t e c h n i q u e .  

Ti 1 . 3 .  i a n l > r a  a ~ 5  'A'ilsar: c a r r i e d  o u t  a s e r i e s  of f u l l  

s c a l e  t e s t s  o x  s s ~ . z l l  S:2.ildirLg, ( L ) ,  t k e  r e s u l t s  o f  



which have been used here in the comparison with the 

analogue technique. It is significant to note that 

very few of the papers giving full scale results give 

sufficient information for any valid comparative 

calculations to be carried out. In particular 

sufficient data about the external climate of the 

building is often lacking. 

1.4. The results from this comparison are necessarily 

limited. The building studied is a small single-storey 

domestic dwelling with basement. In the paper the effect 

on ventilation rate of wind speed and direction, stack 

effect and wind and stack effect acting together are 

studied. It has only been possible to compare results 

for the situations with no stack effect taking place. 

Stack effect taking place on one floor through sash 

windows is not modelled by the programme, as it is 

designed mainly to study multi-storey buildings. These 

comparisons give some indications of the accuracy of the 

znslcgue technLque. 

2. DESCRIPTION OF THE FUTL SCALE STLTDY 

2.1. A full description of the test house, house 

n-~inber 1, is given in Tamura and Wilscnls paper. A plan 

of the building is given in figure 1. It is a single 

storey, timber framed building, with basement. Internal 
2 

wall surfaces are plasterboard. The plan area is 77.1 m 

and the net volume, including basement, and allowing 

3 for furnishings is given as 336 m . Figures for windovq 

crackage are given as an equivalent length to that of 

- 2 -  



c-  er age fit, double-hung, wood sash, weatherstripped 

windows. The figures being based on data from the 

A.S .H.R .A.E .  Guide and Data Book. These figures are 

given in Table 1. 

2.2. Ventilation rates were determined from 

measurements with a katharoneter of the rate of change 

of concentration of helium gas discharged in the house. 

All internal doors were open during the periods of 

measurement. A circulating blower was also operzted 

continuously during ezc1-i test. that 

a fairly uxiform concentratioc of helllr. :.:as achieved 

under test conditions. Wind speeds were recorded by a 

cup anemometer rnomtted next to the house and at a height 

of 7.6 m. The h3use wss situated on the edge of a 

housing area, with i$s south wall facing a wooded region. 

2.3. The results of the full scale leakage tests are 

given in Table 2 and zre also shown in Figure 2. The 

air change rztes givec are net rates imluding the basement 

area. The line of best fit, computed assuming a linear 

relationship between wind speed and air change rate, is 

drawn. The increase in air change rate for each netre 

per second increase ic wind speed is 0.037. No significant 

effect of wind direction can be noted froa the qecords. 

An apparent ventilaticn rate of 0.037 air changes per 

hour was obtained with no wind speed and only small 

temperature differences. 

3.1. In crder tl2 carrh- cut the coclparztive calculations 



it was necessary to make a further set of assumptions. 

The height of the building was taken to be 4 m. This 

allowed sufficient height for one storey and sufficient 

basement above ground level to let in windows. The 

recorded average wind speed was corrected to four metres 

height using a power law relationship, wlth an exponent 

of 0.3. This seems a typical exponent for a suburban 

situation, as discussed by Harris (3). Values of crackage 

length were assigned to each window. These had to be 

estimated as relative axovnts of the crackage on each 

elevation from the verbal description of the windows. 

Finally values of pressure coefficient had to be asswned. 

These were based on the figures given in Buildi~g Research 

Station Digest 119(2) z ~ d  the assumed figures may be 

seen in fig-we 3. Also Ir the calculations the effect 

of the basement windons l:!:itas not included due to uncertainty 

about the relevant press-ire coefficients. Consequently 

the house volume was redszed by a factor equivalent to 
6 3 the reduction in wind2v! zrea, to 300 m , to compensate 

for this. 

3.2. The standard lezkage ccefficients given in the 

paper are assumed to be 62 cu. ft/hr/ft at a pressure 

difference of 0.3 inches .:;.g. This leakage coefficient 

was assuned in the calculstions. The equation relating 

volume flow rate through a crack to the pressure 

difference across the crzck is represented as 

V =,C.L. (dP) l/n 

3 where V is the ~0l*j-~.9 flow rate m /hr 



L is the craok length, m 

dP is the pressure difference, mm.w.g. 

n is an exponent. 

"pica1 values of the exponent n for windows of the type 

described have been abstracted from the work of Dick and 

Thornas (4). The assu~ed value is 1.6. 

Then as the ass~1xed vslues of C is 

This is equivzlert to 

Consequently the assumed fig:nes of leakage coefficients 

.ay be seen in Fig. 1. Tke zssu~ed values of leakage 

coefficients for all i-terns1 doors were taken to be 

3 13, 000 n /h/oLI~. W. g, 0.5 . !??--is represents a typical 

figure for an open dorv;ay. In fact the resistance to 

air flow of the doorways is so szall as to have virtually 

n3 control on the average air change rate. 

3 . 3 .  Using these figures czlculatior-S were carried out 

under each set of averzge exterr-a1 conditions noted in the 

paper, where the mean v:i_rd was from a primary cardinal 

direction. Calculetions were not carried out to 

simulate the three conditions wkere the mean wind 

direction was from a secondary direction due to lack 

of certainty of the approprizte pressure coefficient 

values. In this way nine of the twelve sets of test 

ccnditions were sim7J.leted. 



3.4. The results of the calculations are given in 

Table 3, and in Figure 4. A line of best fit was found 

in the same way as for the full scale results, that is 

assuming a linear relationship between wind speed and air 

change rate. The increase in air change rate for each 

metre per second increase in wind speed is 0.033. No 

significant spread of results due to wind direction can 

be seen. An apparent ventilation rate of -0.008 air 

changes per hour was folmd from the line of best fit with 

no wind speed or temperature difference. 

3.5. A further analysis of the computed and full 

scale observations was made by computing lines of best 

fit assuming that the infiltration rate varied in proportion 

to the wind speed to the power 1.25. This was the 

exponent assumed in the ar~z.logue tests. From these analyses 

the line of best fit for the observed results was found to 

and the line of best fit for the computed results was found 

These lines of best fit Ere shown in Figure 5. For each 

of these four lines of best fit the root mean square 

deviations from the lines were calculated. The R.M.S. 

deviations assuming a li~ezr relstionship are = 0.010 

for the observed results and = 0.009 for the computed 

results. The R.M.S. deviations assu~ing an exponent of 

1.25 ere = 0.007 for the observed resu-lts and = 0.011 for 



;:_z  computed results. 'A summary of the results obtained 

is given in Table 4. 

4. DISCUSSION OF RESULTS 

4.1. The results of the full scale tests show 

generally a higher ventilation rate for any given wind 

speed than the computed results. The rates of increase 

of ventilation rate for standard increase of wind speed 

are very similar. They are 0.037 air changes/metre per 

second for the full scde results and 0.333 air changes/ 

metre per second for the model situstion. The difference 
4 

in apparent ventilation rates between the two sets of 

results at zero wind speed is 0.045 air changes per hour. 

This means that over the range of wind speeds used the 

relative error between the two sets of results is 

virtuslly constant. 

- 
4.2. in crder to assess the significance of these 

results it is necessary to consider the errors involved 

- in obtzining them. in particulsr, for both sets of 

results, there is an apparent ventilation rate occurring 

at zero wind speed. In the case of the comguted results 

the reason for this may be explained fairly simply. The 

assumed c~ening characteristics used in the calculations, 

as noted esrlier, are of the forn 

V = C.L. (dF) 1/1.6 

or V ( d ~ )  0.62 

Now ss the pressure differences produced across the 

building are proportionsl to the square of the wind 



speed, W 

then dP M ( w ) ~  

Initially the results from the computer study were analysed 

in the same way as the full scale results, in order to 

form a valid comparison. The line of best fit was 

computed assmiing a linear relationship between wind 

speed and volume flow rate. As this is not the actual 

case (eqn. 4.2.) the line of best fit will depend on the 

values of wind speed chosen for analysis. The line may 

also have some apparent ventilation rate at zero wind 

speed. 

4.3. In order to illustrate this effect both sets of 

results were analysed assuming that the relationship 

between wind speed and vol- he flow rate wzs as given in 

equation 4.2. The rates of increase of ventilation rate 

for standard increase of wind speed are again very similar. 

The difference in apparent ventilation rates ketween the 

two sets of results, 0.545 a1r changes per hour is also 

very sinilar. However the ccmpcted results skow a 

redi~cticz in the appzrent ventilation rate at zero wind 

speed to less than 0.052 air changes per hour (Figure 5). 

Thus the error is reduced to one fifth of the previous 

error. The apparent ventilztion rate at zero wind speed 

of the f-3-11 scale results is increased to 0.050 air 

chazges. This is probably a more accurate estimate of 

the zero error than the previ2u.s 0.037 air changes per 

l-L o 



;.4. This apparenk ventilation rate at zero wind 

speed shown in the full scale results is relatively 

large. The major factors causing errors in the 

observed ventilation rates given by Tamura and Wilson 

are the diffusion of the tracer gas through the building 

fabric, and the fact that the stack and wind effects could 

not be entirely independently investigated, that is there 

was some ventilation due to small changes in external 

tenperature during the tests. There are other factors 

which could lead to significsnt errors in the observations. 

Nog-uniform distribution of the helim gas, because of 

imperfect mixing, would produce erroneous readings. 

The accuracies of the readirgs from the katharometers, 

at t5e low flow rates observed, is likely to be lower 

than at more us-~al ventilztion rates. The omission of 

zuly estimatioc of the adventitious ventilation occurring 

will lead to the coxp7d+ed ventilation rates being too low. 

m  he assu-mptioxs made in the datz used in the calculation, 

noted in section 3 ,  will also act as possible sources of 

error in the compute2 ventilation rates. 

4.5. Of the factors which mzy affect the accuracy of 

the full-scale observstions two could produce effects 

leading to systematic overestimates of the ventilation 

rate due to wind alone. These are diffusion and the 

simultaneous action of small stack effects. Loss of 

helium through the building will lead to a faster rate of 

decay and an appare~t error in the infiltration rate. 

The theoretic21 estinztion of diffusion rate is complex. 



A simplified analysis, in which diffusion is assumed to take 

place through the window crackage only, suggests an apparent 

error in the ventilation rate in the order of +0.01 air 

changes/hour, (~ppendix 1). This calculation underestimates 

the magnitude of this effect as it does not take into 

account diffusion through the solid surfaces. Model tests 

by Malinowski, (5) show that diffusion of a nitrogen tracer 

is only affected to a small extent by external air velocity. 

As helium, which has a higher diffusion rate, is used as 

the tracer in Tamura's experim~~i's the effect of external 

wind speed will probably be less. The error in the full 

scale ventilation rate due to this effect is taken to be 

positive, relatively constant with wind speed and having 

a value greater than 0.01 air changes/hour. Field 

measurements by Howard (7), of ventilation rates calculated 

from the rate of decay of a hydrogen tracer, show a 

similar constant positive error with wind speed due to 

diffusion of the gas. 

4.6. Then seccnd factor which may affect the accuracy 

of the full scale results is the possibility of non-uniform 

mixing of the tracer gas. This would lezd to unrepresenta- 

tive sanpling of the tracer gas and a possible overestinate 

of the ventilation rate. The use of the internal air 

mixing system during the tests was designed to minimise 

this factor. Because of the high air movement rates 

internally, due to the fans, the quality of the mixing, 

and thus the errors in the apparent ventilation rate z r e  



and any error is likely to be relatively constant with 

wind speed. The loss in accuracy of the katharometers 

at the very low air change rates observed is likely to 

be significant; the observing period being quite long 

to establish a significant arnount of loss of tracer gas. 

Although this will affect individual readings, it shouid 

not necessarily produce any systematic error in the 

ventilation rates. 

4.7. The small teyperature differences acting during 

the tests will lead to overestimates of the ventilation 

rate caused by wind acting alone. The magnitude of this 

effect is extremely difficult to isolate in the full 

scale observations. It may be seen from the relation- 

ship between wind speeds and temperature differences 

causing the same vertilation rates ((l), Figure 6) 

given in Tanwa 2nd lj'!ilsonfs paper that all the tests, 

except tests 12 and 19, took place with temperature 

differences acting significantly less than those which 

would cause an effect equal to that caused by the wind. 

The ventilation rates which would be ceused by these 

temperature effects acting alone can be estimated 

generally es 50-605 cf those caused by the wind alone. 

The combined effect of wind and temperature diffbrence, 

as observed, may the? be expected to be in the order of 

10% greater than may have been expected from the wind 

alone. The errors would be greater in tests 12 and 19 

where the temperatl-re differexces are realtively larger. 

The errors then nay be of the order of 0.01 to 0.02 air 



changes/hour. 

4.8. The last possible source of error to be considered 

is ventilation through other cracks in the building fabric. 

Non-consideration of this effect will lead to computed 

ventilation rates which are lower than those actually 

occurring. Figures of leakage coefficients for 

plastered woo$ frame construction obtained from the 

A.S.H.R.A.E. Handbook of Fundamentals are of the order 

of 0.025 m3/hr./m2/mm wgoe6. The equivalent coefficient 

for all the wall surfaces in the test building will be 

3 0.6 of the order of 10 m /hr./mm wg . In comparison the 

total leakage coefficient for the building openings is 

3 0.6 approximately 200 m /hr./mm wg . Inclusion of' this 

factor in the calculation will lead to an increase of 

the computed ventllation rates by approximately 5$. 

4.9. It can be seen that the estimation of the errors 

in the observed ventilation rates is extremely general. 

Loss of tracer gas by diffusion and higher ventilation 

rates due to &he stack effect acting sinultaneously are 

probably the more important mechanism c~using error. 

Non-uniform mixing of the tracer gas 2nd the zdventitious 

ventilation will also produce errors which would help to 

explain the discrepancy between the full scale results 

and the computed results. 

4.10. The results of the two sets of tests were also 

compzred in terms of the degree of spread of points from 

the line of best fit. Assuming a licear relationship 

between wind speed and ventilation rate the R.1'I.S. 



deviation in the full scale observations is 0.010 alr 

changes. In the computed results the R.M.S. deviation 

1s 0.009 alr changes. Assurilng an exponential relation- 

shlp the R.M.S. devlatlon ln the full scale results 1s 

0.007 whlle ln the c~rputed results t'r-e error 1s 0.011 

alr char-g~s per hour. Zere there 1s rezsocs'sl;~ good 

agreement between tke abserved snd cozp.Ated se2s of 

results. 

5. CGT72LUS II3?TS 

5.1. Cozpzrlsscs :f $?-S v2rlzt:c- sf f.21: scale 

xflltretlon rates v ~ ~ l ~ ? -  ~r11-d sreed were czde 'cek4*iee~ 

full scale observs5:ors or 2 sxs11 dor.est:n dwellleg 

and calc7~latlons -~.s:zg a d1g::31 cadel. I -he ezlcvla5ed 

results zre 12 good zgreere-5 r;lt?- the f ~ l l  scsle ress.:.l:s 

m .  2 - 12 terns of the rz:~ ;I c:-z::ze U of ln--l5ra~:oc rate wlzh 

v11z.d speed. a n s l  ;-S- c ~ss,T-- , LL -, g ~ I I  ex?zwertlal, rzther 

t?-sx a llxear, relzt:o~-shlp Se+vieez ve-tllztlo?- rate 

and wlcd sseed glves z Ce~ter expls-z~lon of the zero 

error. The conputed results zgree 'i/>J?- the full scale 

results i -  showlcg thst the total i?fll~rstlon rate 1s 

more senslt~ve to W-zd speed t h m  to vi~nd dlrect-oe. 

The full scsle res-~lts s h ~ w  cocsls te?;';: higher ventllat :on 

rates ths:~ the corr,pute6 results. Tln:s dlffere2be 1s 

caused by several fsctors lesdicg to overestinstes of 

the full scale ventilation rate; diffusion effects azd 

the tex?erature dlffererces actlcg bel-g ~robakl;~ the 

more slgnlflcent ones. Any estl~ate of the nag?-~tude 



of the error is extremely difficult but it may be of 

the same order of magnitude as the difference between 

the observed and the computed results. 

5.2. Although the agreement between the observed and 

computed rates of increase of ventilation rate with wind 

speed are good, it must be emphasised that this is probably 

largely fortui&ious. The assumptions made in the data 

used for the calculation znd the possible errors in the 

full scale observations Ere of such magnitude that only 

general conclusions nay be drzwn. The study emphasises 

that fmther, closely controlled conpara5ive tests need 

to be carried out before $he limits of accvszcy of the 

current computztionzl techniques can be esteblished 

in przctice. 
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Appendix 1 

An estimation of the rate of loss of helium through 
the building openings by diffusion 

If it is assumed that all diffusion of tracer gas 

in the full scale building takes place through the 

window openings then it is possible to make an estimate 

of the order of magnitlide of this effect. 

Considering the crackage through which the hellu~ 

will dlffuse a slxpllf~efi E-3lysls may be nade by 

conslderlng only thst part a f  the crackage where major 

resistance to flow occurs. Thls wlll be that ,,part of 

the crzck where t?-e wldt?- 1s sirallest. One may conslder 

this as a channel of u~iforn wldth Y, length 1, and total 

channel length of z. 

The heliu~. gas concentratio?- at one end of the crack will 

be approximately eq7i 22 ts 5:le rnean internal concentration, 

CO while the outer end nay 'ce assumed to have a 

concentration near to zero. 

At any point in the crack, a distant, a, from the 

outer end, considering a thin element, under steady state 

conditions, and c7Ter a tire scale which is short in 

comparison to the rate cr" Ce?rea.se 1:: the mesn internal 



level in concentration of the tracer gas. 

the net flow into the element = net flow out of the element 

or = 0 

but by Fick' S law '~/dt = d2c/da2 

then c H ka 

where Ca is t?ne concentration of helium at a. 

Yew if two adjacent elements are taken, of width h 

and distances a 2nd a-X from the outer edge 

where X is the mean free path length of helium at P7.T.P. 

Cne can consider a mall volune in the i:m.er element of 

dimensisns, dx, dy,  6z and a distance X from the interface. 

fie sclid angle subtended at the interface by aolecules 

travelli-g over their mean free psth lezgths can be 

co~pute:', as 

e Xos -' " 2 n X .  s ln  8 .  \ d B  
X' 

cos-l X/* 
= - 1 2 ~ .  cos 01, 



Then the probability,of molecules crossing the interface 

from this volume 

and the number of molecules escaping will be 

= b [l - X/A] Ca.dV 

where dV is the element volume 

ari the total n~unber escaping from the element throughout 

the building crackage 

then this nurnber n f  ~olecules is equivalent to 

but the n-mber of molecules moving from the second 

element back to the first will be 

and the net lcss of molecules will be 

1 X CO Z . X . Y . Z .  i- 
I 

but these will move at a speed Vrn where Vm is the mean 

molecular velocity. Th1~s the rate of loss of molecules 

will be 

1 
X.X. ,y .Z  X 

Vn .i. Co. - 
X 



and as the initial number of molecules of helium in the 

building 

= V. CO 

where V is the building volume 

then the rate of loss of concentration 

In particular when the units of X,y,z,l are in cm.,V in 

3 cm., and Vm in cm/s.,then the rate of loss of heliwn/hr 

In the full scale building 

1 2 3.25 cm (assumed) 

V = 3.4 x 10' cm' 

and the rate of lcss cf ccrcentratior!./nr 0.009 

if this is a~s-~ned to k.e an apparent air change rate, n/hr 

then n - 0.009 air changes/hr. 
the apparent ventilatio- rate at zere wind speed due to 

diffusion of helium tkrc-=h the building crackage will 

- a -  



of the order of 

0.01 air changes/hr 



TABLE 1 

Equivalent window crackage lengths in test house No. 1 

(Tamura and Wilson) 

Equivalent length of crackage, ft. 

Elevation N S E W 

First Floor 33.7 0.0 126.0 155.9 

Basement 

The assumed leakage coefficient for this standard 

equivalent crackage is given as 60 cuft./hr/ft/0.3 in.w.g. 

TABLE 2 

Infiltration test results, house No. 1, (Tamura and ~ilson) 

Test Date Tem~. * 

No. diffgrence 
C 

Average 
Wind 

Velocity 
n/s 

Wilnd Infil- 
Direction tration 

  at e/hr . 



TABLE 3 

Computed infiltration figures, house No. 1. 

Simulation of Average wind Wind Calculated 
Test No. speed m/s Direction Infiltration 

~ate/hr. 

TABLE 4 

S-iimary of results giver in paper 

Lines of best fit 

Linear relatio~ship, fuil scsie obser~~sct ions frcm Tamura 

2nd \Pilson L 

+ 
T = 0.037 W + 0.037 - R . h l . S .  error - 0.013 

Linear relatio~ship, ccr!:->.ted results 
+ 

I = 0.033 V! - 0.0Oe R.I.:.S. error - 0.009 

Exponectial relat ionski> Fail scaie ckservat ions from 
n lamura and \:?ilso~ 

+ 3.950 
+ I = 0.023 I'i; R .Y .S .  error - 0.007 

Exponential relatlo~sklp, cozputed res-~.lts 

+ 0.32 + 
I = 0.023 Vd R.: ,I .S. error - 0.01.1 

I is infiltretion rate, zir cke~ges/hr. 

VJ is wirid speed, E/S. 



Figure 1 Plan of house no. l , after Tamura and Wilson. 

lm. 0 

Assumed leakage coef fcienis. 
Opening Elevation 

Door 1 
window , 2 
Window, 3 
Window, 4 
Window, 5 
Window, 6 
W~ndow, 7 
Door, 8 

Crackage Length, 
m.  

11.800 
10.600 
10.600 
6.100 
10.600 
10.600 
21.300 
11.800 

Coeff ic~ent, 
~.m.h./mrn.wq?.~ 



Comparison of observed ventilation rate wit h 
wind speed , after Tamura and Wilson. 



Figure 3 Assumed ? r e s u r e  coefficients based on - -. -- . - - 
BR S Digest 119. 

win2 
direction. 

+O. 7 

W rnd 
direction. I 

I 



Comparison of computed vmtilat ion rate with 
wind speed 



Comparisons of lines of best fit for 
observed and computed results , assuminq 
an exponential relationship between wind 
speed and ventilation rate. 

C 
crj e 


	Button8: 


