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Introduction

The total air l-eakage area of a house can be divided into 3 elements:

i) specifllc ventil-afion opening areas (air bricks, fans)

il) identj-fiable componenL areas (door, windows)

iii ) bacl<ground leakage areas ( ? )

Measurements by several- workers have indicated how whole house leakage

areas are distrj-bubed. The eanly sbudy by Skinnerl, Logether wiLh more

recent work by !,larren and Webb2, suggesls that at 50 Pa pressune diflerence

the backgnound leakage area can represen L 5O%. of bhe whole house leakage

(see Figures 1 and 2\. At the more lypical pressure of 5 Pa l¡larren and

Webb found the background J-eakage to represenL 25% of bhe total.

Background leakage cracks are not easy to identify and quantify.

There is a lack of measured data for:

j-) bhe disLribulj-on of background cracks

if) the air flow characLeri-sLics ol such cracks

iii) lhe leakage paths for these cracks Ín buildings.

The Need for Backg round Leakage Daba

A better understanding and quantification of backgnound leakage wouJ-d

yiel-d several benefiLs.- Firslly, iL would allow more accurate compuLer

modelling of inter-room air flows Lo be developed. Secondly, 1t would be



possj-ble to idenbify those constructional elemenLs which might be sealed

durj-ng bhe buil-ding process for gneater energy efficiency. Thindly' ib

might be feasible to establ-ish a data seL ofl the flow characteristics of

typical building constructions and joints, analogous to the work of

Reinhold and Sonde""gg""3, who ane tnying to cabalogue component leakage

areas to enable leakage to be predicted from anchitectural drawings.

Backgnound leakage must also be considered in very tight housest

either where mechanj-cal ventilation plus heat recovery may be proposed or

as a means of ensuning a minj-mum base venLilaLion rate for satisfactony ai-r

quaì-ì-ty and moisture nemoval-.

The group at Sheffield are seeking to examine some of these points

through the development of' a porLable, automated pressurisation sysbem

capab]-e of identifying and quantifying background leakage areas in rooms'

The initial stage of thj-s work has been a laboraLory study of the air ffow

through idealised model cracks.

Developmenfal Work

A series of cracks have been fabricated, and through a seL of

measurements these cracks have been "calibnabedrr to obbain fheir flow

characlerlsLics. It will be possibler when the porlable pressurisation

system has been developed, to vaì-idate its nesults against these standard

cracks.

Crack flow measurements made with respect to building components

normally use cracks severar millimetnes j-n widlh Lo slmulate the EaPSr for

example, in window and door frames. However, background leakage cracks

will frequently be typified by gaps of less than a millimetre and wiLh

complex geometries.

For the iniLial seb of measurements only "straighL-Lhroughrr have been

considered (see Figure 3), but in the future L-shaped, doubl-e-bend and

mulbipÌe-bencj cracks will be examined to see Lhe effecL of increasingl-y

compli-caLed geometries on the crack lJ-ow equations'
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Experimenbal Arrangement

The expenimental anrangement is shown schematicalty in Figune 4. One

pressure box is connected to a fan and orifice plate to produce known flow

rates. The front of this box is detachable to enable a range of cracks to

be examined. The second box acts as protection against external- pressune

flucbuations in the l-aboratory, such as doors closing or windows opening.

This two box system has alfowed very low pnessure differences ((0.0'l Pa)

across the cnacks to be measured.

Experimental Resul-bs

The final- aim of the project is the pnoducbion ol a portable

pnessurisation system. The pontability of such a system partly depends

upon how long the J-ength of crack must be to obtain the true flow

charactenistics ol that crack. Therefone, the first measurement took a

3.22 lm wide crack and measured the air flow through Ìt for crack lengths

varying from 0.1 Lo 1 m. The nesults are shown 1n Flgure 5, where ib is

apparent that for any pressure difference AP the ilow rate divided by crack

length is independent of the crack length provided that the crack width is

very much smal-ler lhan the crack length. A standard crack lenglh of 0.5 m

has been chosen for al_l_ other measurements.

For bhe straight-through cracks the dimensions shown in Table t have

been used:
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Crack length = 500 mm

Cnack thickness (mm) Centre tine distance (mm)

0
0
1

3
6

9

3B
90
40
05
15
40

152 nn

0.55
1 .30
1 .39
2.85
5 .85
8.94

76.2 nn

Table 1 Range of straigh t-throueh cnack dimensions

The thickness of the cracks vùene oniginally seL using end spacers, but

bowing and surface irregularities, even with ground flat steel plate' gave

large errons with the smaller cracks ( (3 mm). ConsequenLl-y, thicknesses

were found by taklng feeler gauge measurements at 21 points along the

crack's tength and finding the mean thickness.

Some 250 measurements have been made for a range of flows, Q, pnessure

dj-fferences ÀP and cnack dimensions. The parameter used as bhe independent

variabl-e in the crack flow equation is:

z
R D

h
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where z is the through distance of the crack and Rn is lhe Reynolds number

based on Dn, which j-s equal to four times the hydraulic radius of the

crack. Measurements by Hopkins and Hansford4 had a maximum value of

,/RhDn of 0.4. The present work has extended this parameter bo 30.



The results have been fj-tted to the crack flow equatj-on discussed by

tr
Etheridge', which takes Lhe fonm

1

e-= =
z

+C (1)B
Rrr Dr,

where C_ is the discharge coefficient and B and C are constants deLermined
z

by the type of crack being examined.

The large range of z/Rn Dn used in the present experlment (from 0.001

to beyond 1 0 ) caused some problems when a linear regression in the form of

equation 1 was abtempted, due to disproportionate weighting of the extreme

values. Appendix A descrj-bes how this problem was tackled.

The results of these measurements are shown in Figure 6. They conlirm

thc theoreticaÌ formul-a produced by Etheridge, and do so for a very wì-de

range ol crack thicknesses and pressure dif'ferences. AJ-though the crack

llow equation 1s useful for examining idealised cracks wlth known geometric

characterlstlcs, it ls difficult to derive crack areas dlrectly from the

solullon of the crack equation. Fon example, the crack equaLion can be

written as

Q)

where p,v are the density and kinematic viscosiLy

Q is the llow rate

and A 1s the crack area.

The area A may be found, but only if the crack geomeLry and lht'ough

disLance are known. These parameters are not readlly determined in acLual

background buiLding cracks. Therefore, for 'realr cracks it wilÌ probably

be necessar.y to adopL a more pragmatic analysls invoì-ving just 0 and AP.

A'#-cA- BzLz v
4(J
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The idealised l-aboratory cracks wiIJ-, however, be very useful for

tesbing the vatidity of several proposed pontable pressurisation sysbems

for the full-scale background measunements. One option is a Lwo box system

using an outer guand box and an inner measurement box. Such an anrangemenL

has been used by Siitonen6, and is shown in Fi-gure 7. An alternative

appnoach is to use one measunement box combined with a l-arge fan to

pressunise a house or room. Pressunising a room woul-d enabl-e internal

backgnound l-eakage fl-ow paths to be investigated.

Conclusion

The first stage of a project to study domestic background J-eakage has

been described. Fundamental- flow measurements have verified the crack flow

equabion for the simplest crack type for a much J-arger range of crack and

flcw parameters than have previously been examined.
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APPENDIX A Non Linear Linear R egression

thus

The relatÍonship Y = aX + c may be written as

(Y - c) = a.X

Log (Y - c) = J_oga + J.ogX

The deviation F. = log(yi - ") - loga _ logX.

Itr-og1Y. - c) - Ioga - J_ogX

s = fP''I

dS

da

1

where

Minimise S by making Ë
dc

dS

^dsuand_
da

0

+ ua

0
dc

-z i1 le
a

0I

These cannot be direcil_y soì-ved for c and a,

i t,erabively by guessing inl tial val_ues ofl c and a; .o
val-ue of c and a are then given by:

but can be soÌved

and ao. The true

c = co*ôc

where 6c and ða are small correction

Now F.
]-

(¡' * ôF

and

berms

d-d
o

1 o I

t.e

(tr)o j-s the value of F. for bhe esLimates co and ao.

(Fi. )o = log( Yi c)-Iosa
o

log X.

Ip.'We require true va_ì_ues of F. and c and a Lo minimise S
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Now

where

Now

SO

llow

but sin

-1_-- and
(Y - co)

-1

o o

Oa

F.Ì
ôF

= (F1)o + ôR.

. is a small_ conrection term

F. depends on both c and a so

sri : aFi 
.ôc + llt . o.

âc âa

âr'. ân1 - f i _1

âc (Y-c) âa a

based on the initial esti_mabes of c and a:
âr'.

f

î_ot'
j

F.
l_

âa a

(F Ué
o

c:c^+ôcanda=a +6aO-O

o

I
-l

a-a
o

ø
l Y-c

F

o

a
o

ls constan L lor all- X Y we can writei-t

l-

l

a
o

t\
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F.
I + øi^( + E0(F. )I

Ip. '-l_

_ Now by the chain rure S = |+#"nc S = * . #

Ø i'r+

o

l,'le wish to minimise S

Now s:l[(FJ)
o

and

F¡'om 1

o
From 2

Rearranging gives

dò - n - -d= = ¿ / Al (i. Jdc Ì Ø.Y+ {oL

+ 6.ol'

Minimise by making S = O and
AS
öa

AS

âc +Ø.'( * 6ol

0

øi[ (Fl) U (1)

(2)

(3)

t9/

o

+ 0

IØrrnri * YlØ,. Ealø' Li Li 0

: 6f (n,I +'(ELø + 116 '. = 0
o

where n = number ol measurements (Xi,

These equations can be solved directly:

muJ-tiply (3) x nf and (4) by IØr,

n6[ørtn.l +nf,YlØ.' *n6.olØi =e
o

6lø,it¡'.t +yt(lø.1. *nE,oIØ =0"r" t '"i' Li
o

Y
l-

YnEÏ,Øi, - yE(1.Ør), = 6lø.Itor)o _ nEløi(Fi)o

thus Y 
=

IØ. It¡-. I - n. Iø. (r' )
" I- I O L. I. I'O

nlØi - tLØi),

(5)

(b)

3
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t

From 5

EalØ. - Løi(Fi) - y. løi,
o

thus X,=
-ïøi (Fi)o - T. Iø¡.'

Elø."t

Y = c - c^ and q,= a - aO-p
c=c^+Yanda=a0o -o+
c and a become better estimabes of c and a so we lef c =cando o o

"o = " and nepeat the itenative procedure until_, sâv, both c and a are
wibhin 1% of l_ast estimates"
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