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.ettlka.tion of t'&'.t~ ;of .. id.do tlow thr6\lgh +,ri liise b\lih~ing$ is .~IS~l')..tia.l 
,~r' ecqn.o!ili.ca.l and ·~~fi~ient functiohl',n~ dt heati,ne; ~ci ~entil~t=ing 
';yst..:S . N!tural &n.4: .. jorced. ventilation~ are ~~ectly !rid 'intµl;'t?,ct'ly 

ilitl··'~ti~efd bt the pr~ssure distribution around a. building. The paper . .., 
preslitits the r .Hu.lts of full, sta::l.e ~t'!ssure measurements on two test 

. ' ~ ' ;, ' ' . " 'I:: 

'.·:0uildings a.Ild. 8ho1't. their i.!l'portance i~ the study of {!.il' infiltration • 

. ~ODUCTION 
t'·· !.' 
~ 

Knovl.e~e a:b6\lt. ptoessurwe dirtri~~tiot'i ar6tind a. st~ohu-• ,is importa;:i.t 
, \ · • • : • f 

not o.nJ.y _for "71:.il<i i:hduced. a.'Qlds out .~so in the . study ot 8.ir cil't!UJ.S:-
' ~ 1: . ' . 

'tion within the b1ilt1il.ding ' acceptable level or com.tort tor the iM.abJ-

tants -~~Q. for efric:l.e.nt ·and economicl1 use ot hea.ti:p.g e.t:td 'v~ntila."tine; 
i ... 

. I 

systems. ; ' 

9ne . of th! m&oor d.if:f'iculti•s Hi estima.tin~ air ihfilti°ition'· rates in 

1'~id.irllfl is li~k of full s~ai• d.l\t'a. on -~~~s~~e distribution on 

~s.t;.ou attuctural. shapes lQcat!d. in different types of surf~e 
'-t'C: . • ' ' - . 

'~o~tibess cate~~ries. In ordei' to fill this gap, two building st.l"\lci:;ures 
,. . . • Ii 

of di.f'feI'tnt Shapes and situated. in d.i,fferent environme'nts haVt been 'i 
. ( ! . . . 

· ·;·sti.:i.died by registering the mea·n ores:sure d.istrib1.lti_on a.nd calculat.ing 
i ' \ . - . ·" 

the rate of •ir leak.age due to openings. 

The measured main pressure co .• fficients have be~tl compared with the 

values given in th StJfdisl\ "code of practi~e and '.''rou~d to ~vary ~on!fid:e;_ 
1. . 

ably depending on the shape and. 1ocat~o·rt of the house . Ev:~ ~h" rate ~f 
. ~ 
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air infiltration through· the.·building is found to be different from 

the values advocated by the standards. 

DESCRIPrION OF .. 'THE TEST HOUSES 

Wind pressure me.asurements on two different types of family houses 

sit;uated in terrain-·representative of "open" and "semi-urban" types 

of surface roughnesses have been studied. Figure 1 shows the location 

qf' measuring sites iin relation to meteorological station. 

N 

i 
· Partille 

'6Vin1a 
Landfetter 

~Kungsbacka 
A 

F:i,.gu;re 1 Location. of' sites in relation to meteorological stations. 

The first test house (Partille) is of old type construction and built 

in 1946. The house is located in a densely populated area surrounded 

by +ow rise b~ildings (semi-urban) as shown in figure 2. The building 

is 1 1/2 plan with the lower part built in stone and the upper storey 

consisting of vertically-standing wooden panels. The insulation 

characteristics of the house are of poor quality, implying a high 
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rate of air infiltration through the structtire. 

The second test house (Kung~backa) is . a newly-built prefabricated 

timber house with two floors. The hou,s~ was built in 1978 and is 

designed according to the Swedish Standard SBN 75. The structure 

is located in an area with a few scattered houses and is representa­

tive of "open" site conditions (see figure 3}. The house is well in­

sulated and is fitted with a mechanical, ventilation sys~em for air 

outlets. 

DESCRIPTION OF INS.TRUMENTATION 

The pressure measurements have been conducted with the help of fluid 

multimanometer. The measuring system consisted of al~nium panels 

with dimension 18 x 120 mm mounted on the walls in such a manner 

that the alUlllinium section fits in the space between the iock and 

the· panel system~ figure 4, 

•• 
' .... HOl.E FOR "THE 

, PRESSIJ~E TUBE 
'ALUMINIUM P~FILE 

Figure 4 Aluminium profile 

In other words, the panels are flush with the walls. ~he pressure tubes 

are connected to the alUI!linium profile by introducing a small slit at 

the back of the section. All the tubes are carried thr°"gh a single 
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small opening in the ce'llar and are connected to the open-type 

multims.nometer inside the house. 

Aluminium profiles were used in order to avoid Q.rilling holes 

in the walls of the houses. This was due to the fact that the 

houses were occupied by the owners at the time of measurement 

and any damage to the property would have excluded any future 

investigations. 

The multimanometer is of open type, which means that the measured 

pressure at a point is the difference between the external and the. 

i_nt~rnal pres.sures. 

The walls and,the roofs of the houses were divided into 24 elements, 

a~ shown in figure 5, and the pressure was measured approximately at 

tpe centre of each element. The pressure coefficients were obtained 

for each segment by relating the measured values to the dynamic 

pressure at the roof level. 

. ' • .2 
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• • • \9 • 20 Et · 

''5 21 • '2 'Z 8 • • • 
• 2'?> • 24 

I 
• 9 .. 10 

•. \\ • I~ 

Figure 5 Ele~ents and measuring points. 
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....... ...... -FigurfJ 2 Test - house '!Partille" .. 
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Figure 3 Test house "Kungsbacka" 

, . 

----_j 

------ ....... __ --.. 

\ 
) 



- 6 -

The pressure distribution on the structure was measured by photograph­

ing the multi.manometer at an interval of 3 seconds. A programme is 

'developed by which the pressilre coefficients can .be obtained by scanning 

these 'photographs with .an electronic pen and storing the data on 

the computer. The advantage of this system is that pressure distribution 

at any number of points on the house can be obtained simultaneously. · 

~ large numer of photographs were taken and the pressure coefficients 

cp ~ were derived . which represents the pressure distribution on the 

test houses at any particular time. 

The wind velocity was measured from 3-cup anemometer mounted on a mast 

away fr.om the house • . ,,. 

EVALUATION OF PRESSURE COEFFICIENTS 

The pressure ·coefficients C were obtained from the following 'relation­
P 

ship c'. 

c 
p 

= (Pext - pint) - (Pst,ref- pint} 

1/2 p v2 

where 

Pen ~. = External pressure 

P = Internal pressure int 

Pst,ref =Reference static pressure 

V = Free s.tream wind velocity at the roof ridge level 

p = Air density 

Figures 6 and 7 she~ the mean pressure distribution on the two test 

houses obtained by averaging over a large number of recordings. The 

pressure coefficie~ts are also compared with those recoill!llended in 

the Swedish Standards and it can be noted that there is a consider­

able difference between the measured and the recoill!llended values. 

( 1 ) 
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Figure 6 Pressure coefficients - Partille 
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Figure 7 Pressure coefficients - .Kung~backa 
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It_.may be mentioned that the pressure coefficients gfven in the code 

of practice are generally for calculating wind-induced loads for 

maximum wind velocities. Their relevance in the design of heating 

and ventilating systems is doubtful as the pressure distribution 

at low wind speeds may not be the same as for high winds. 
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CALCULATION OF AIR INFILTRATION THROUGH THE BUILDING 

In this section calculations of air infiltration through the 

two test houses are carried out be employing the measured 

pressure coefficients and the results are compared with the 

values obtained from the code of practice SBN 80. A simple. 

model describing the pressure distribution t:.P. due to wind and 
l. 

t~peratures over a.h element i can be written. as: 

. ( 1 1 \ t:.P
1
. = Pwi.. - p • g • 273 - - -1 Z. T T. l. 

where 

t:.P. 
l. 

p 

g 

T 
0 

T. 
l. 

wind 
effects 

temperature 
effects 

0 l. 

= total pressure distribution 

= air density (kg/m3) 

acceleration 2 = (m/s J 

= outside temperature (Ko} 

= inside temperature (Ko} . 

over element l. 

z. =- height of element i from a reference level 
l. 

(Pa) 

(m) 

Expression (?} c;an also be written in terms of the pressure coeffi­

cients C and the free stream velocity V at the top of the structure 
p 

as: 

1 
6.Pi = 2 p v2 

C . - p g 273 (-T.!_ - -
1 

} Z · + t:.P 
pi T. . i r 

0 l. 

t:.P is difference between the static reference and the internal 
r 

pressure (Par 

or in a simplified form: 

!:J.P. = o.6' v2 c. + a~o4 (T - T.J z. + ~P 
i pi · o l. i r 

(2) . 

(3) 

( 4) 
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Air fl.ow through an area. A. of element i ca.n be written as 
l. 

q. = A. K. (!::.P. )B 
1 l.l. l. 

(5) 

where:K. represent the discharge factor per unit area. for element i. 
l. 

The units .for various quantities in expression a.re q.(m3/s), A.(m2), 

K. (mis P. 61 and. AP.'(Pa). B varies between 0.5 (turb~ent flow) \o 1.0 
l. - .a l. 

(laminar .'flow) depending on the flow characteristics. 

The ·total in:filtrati.on ·thr.ough the house .is obtained by adding up positive 

and negative components of the pressure distribution separately together 

with forced airflow 'due to mechanical ventilat·ion. 

The total inflow. ~ and the total outflow qF f'rom the building can be 

written as 

n 

= ~ +. 1: ~ f'or positive 6P. 
~=1 l. 

n 

= qFM + '1: qi for ne.gati ve !:::.Pi 
i=1 

wher'e 

~ = forced inflow due to mechanical ventilation 

q = forced outflow due to mechanical ventilation 
.FM 

.n = total number of segments. 

CALCULATION OF DISCHARGE FACTOR 

The discharge factor K. in equation (5) represents the permeability 
l. 

characteristics of element i. In reality, it is· not pos:s·ible to 

measure the leakage properties· of every s-egment and therefore a 

discharge factor K is calculated for the whole structure. The 

standard procedure for establishing the value of K is to·measure 

the rate of air flow through the building at a specified pressure 

(6) 
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of 50 Pa. The expression for the evaluation of factor K is then 

given by 

µ = (l: K. A. } t::.f, 
l. l. 

wh~re µ is the rate of air flow and !::. is the applied pressure of 

50 Pa. 

Generally the discharge factors for the external walls and the roof 

segments are grouped separately. This is done in order to reflect 

the different degree of tightness of the walls and the roo~. 

Expression (7) can be written in terms of leakage characteristics 

of the external walls as 

µ = K (a EA_.+ r A.} t::.a . w -"Rl. W1 

where K is the 'discharge ~actor for the external walls. A. and A_. 
W Wl. -"Rl. 

are the surface areas of wall and .roof elements. a is defined as the 

ratio of the discharge factor for .the roof~ and the wall Kw. 

The .discharge factor K can be derived from equation (8) as 
w 

K =µ/{a r A_. + r ·A.} t::.a} 
w . -"Rl. Wl. 

Substitutionofvalues of Kw and~ in equations (5J and (61 gives the 

total in and· outflow from the building. 

RESULTS AND DISCUSSION 

Figure 8 shows the influence of pressure and leakage distributions on 

the rate of air flow through the two test houses. Examination of the 

(7) 

(8} 

( 9) 

( rn) 
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figure indicates that the air flow through the building is a function 

of the t ,otal leak.age properties of the house and is independent of the 

relationship of leakage characteristics of the walls and the roof. In 

other wor:ds, it is not important for calculation purposes to know the 

ratio of the discharge factors for the roof and the walls as the rate of 

air flow is hardly affected. 

400 
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100 

----CALCULATIONS !5ASED 
ON Cp- F~C.TORiS 
(~8N 30) 

-- (AltULi\TlONS !ASED 
ON Cp-F~C.TORS 
(FUl.l. ~CALE) 
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PARTtlLE v = 2.7 m/s 
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Figure 8 Calculated air flow. 

Value of Sis obtained from pressilrization tests on the two houses. 

Figure 9 shows the rate of air flow for various values of pressures 

and the exponent S is derived from these curves and is approximately 

0.67. 
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Figure 9 Pressurization tests. 

Comparison between the measured and the calculated values of air flow 

show;s that the "Kungsbacka" house . gives. rate .of flow .which is less than 

that given by 'the use of standard SBN 80, while the "Partille" house 

gives similar' values as recommended in the code of practice. 

It is not possible to draw any general conclusions from these limited 

full scale measurements, but it does indicate that the influence of 

distribution of leakage characteristics may be replaced by a sing~e 

para.meter. Furthermore the rate . of air flow is influenced by the 

pressure distribution. Full scale measurements ot1r houses of dif­

feren"t? shapes and located in different types~ of surface roughness 

are needed for establishing general rules for design of heating and 

ventilating systems. 


