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~ Estimating Air Infiltration Into He

This paper attermpts fo exiract useful house air infiftration
data from almost 20 yeaers of scattered research work. The
first portion of the paper highlights the important conclusions
. pithese papers and gives some selected notes on the many
varisbles involved. This information is then reduced end put
into two tablas. Two example problems using these datla are
also preseniad,
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JOEL E. PETERSON

o) THERE is, at present, no anasyncat SRFLY-step pro-
: cedure for caloulating air infiltration e houses. The
difficully iss in the wide varigtions in types and quality of
construction, the shaps and location of the house. and the
tvpe of heating systemn. Another unfortunats aspect is that
infiltration due 10 wing, slack eflect and pressurization ap-
pear o be of squat importance. Obtaining a correct aRalysis
of one of these effects stll means the problem s not solved.

Alr pressurization studies on six hotises of differgnt
construction’ shows that windows and doors {with storm
units) had hrom 15 to 24% of the total cracks in the house
Becauvse the larger percentage of cracks are of the type that
cannot be iocated and estimated for size, 115 nol possibie 1o
use the crack method with any engineerng accuracy

In recent years traces gas technques have been suc-
cessfully used o determing mbitration anto bouses, often
under actual living conditions. The tinal result of this type of
analysis is fo obiain infitration rates m ar changes per hour
Because of the many vanables wvolved. the resulls, as
would be expected, are guite scattered Nevertheless these
results are bracketed and some Conclusions can D made
Four research groups®™>** have analyzed a jotal ¢f filteen
houses of varying styles and age An overall observation is

. that tor outdoor temperatures between O F and 32 F (indoor
temperature from 7OF 1o 78 F), normal random wind speeds
{from O to 15 mph), either gas gr electne healing, and no
appliance fans operatng (Slathes, gryer, kichen hood,
shower tan, etc.), the air changes Der hour vaned Hom & low
of 0.22 o a high of 094 i the ughtest ard loosest con
structed houses were removed from considecation, all the
remaming dala for the hirtesn houses would fall behween
037 and 0.86 ar changes per hour. Withat tus range the
tighter constructed houses tend 1o have the lower values
and older and loosely builll new houses tend 1o nave e

. bigher values,

Determining specilic rends within-g large amoun of
fracer gas 1 very ditticull, For stack effect most researchens
have used ,/’
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Ona report® has used B= 0. Oi}ﬁammef‘i‘;asumﬁ»
0.010, a third " used statistical anaiyﬁis on twa loosely con-
structed] houses and found B = 0 9169 for one hause and B
= 0.0105 for the other. Statistical resdarch® on a new town-
house gave B = 0.0108. Recent research? on nine houses
using statistical analysis on large amounts of dala showed
that five of the houses had vaiues of B between 0.006 and
0.012 with w0 houses below 0.008 and two above 0.012.
The ower the value of B the wgnmr me c:mstmcstwn of the
hwse

*Some researchers lave used | mé; V‘A‘T fw the indittra-
ton due to stack sffect Reference {4) uses this equation
exclusively and the previously mentioned reporls using
statistical analysis®® have also successiully apphed thew
data to this eqguation. Because the inside-outside pressure
ditference due to the stack effect is & fnear functon of A%
and the quariity of leaking av, Q. is given by Q = (Const }
(Apy, where Ap is the nside-outside pressure difference
and where n egual 1o 2/3 is often used for cracks in houses.
then the corect relation for the stagketfect is | = B, (AT
Considenng the present state of the ant & appears.that littie
accuracy is gdmed by using these relatms comoarm inthe
rrsore gimple t= B AT .

" Detsrmining what vanables effects the vaiue of B by ex
amining the expenmental data is very difficut, Ons report®
noted that for two similar houses, B Ior one house was almost
double the value of B for the.other house. Apparently an in-
creased vertcal distribution of cracks was the only reason
tor this. Another reference” noted that two-story houses ap-
pear (o have larger values of B than Qna-stmy houses.

The relation most researchers nave used for the eflect ol
the wing s #

joe I Vo : )
where S 1 velocity of the wing b;mieg per R f,./‘)
Cis & congtant csekermim;d frof mx;:verimém«

The vaiues of D'oblained are D & 0017 and D = 0.020
tor two simitar houses’ D= 013 by angther regbarcher® and
a third report® estimates that D = 0.030; Statigtioal analysis®
on nine bouses showed that three hguses had values of D

betwsen 0.015 and 0.030, with thres hovses having values
of D below 0.015 and three havmg VW ab@va 0.030
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‘e difference due to the wind is proportional fo the wingd
. Jelochy squared and Q= {Const YA pP, thent =
n mum be 213 for & house then the actual relation would tm i
DM Again the present state of the en does not

’rmsf sthuations.

Fand doors are more Important for wind effect than they sre
Clor the stack effect They are not, In many nstences, the

: major source of wind intittration. One test' shows that under
T combingd wind and stack effect thers was an approximate
i 12% reduction in infilration when the cracks of all the opers- -

_ ble windows were taped closed. The area of the wall facmg
the wind is also important. Tedls® show that there 15 at least

3% less intilration when the wing blows on the narow end

—of & house compared ip blowing broadside on a house.
Cracks in the walls and types of construction are also very

important, One report’ determined that stucco walls have

less than 2 fitth of leakage than do walls of brick, atuminym
siding or asbestos shingles.
Strictly speaking the inhiltration due to wind cannot be

Cadded directly omie the infilltraton dus to the stack effect. &

Only pressure ditferences can be added and the total infiftra-
tion tound By Gaw = (Consty B Dume + S, o Wth the
prasent engineering accuracy, however, adding the air
changes of the wind and stack eftect wdgether 15 acceptable
The equation commonty used is »

K Boawt » A+ B{AT)» E}“}i’./

The wacer gas expenmentat method usually determnes
A, a constant, 1o have an approximate value of 010 The
magnitutie of A or even s existence has never baen savs-
factorily explamned. Estimations of tracer gas diftusion
through cracks and absorption pn surfaces do not fully ge-

et xgﬁmzﬂt for the value of A

.. Pressurizng & house (actually applying a negative
gax m  prassure) by way of various anham“e fans canbe g
very m{;@r&mt causa of inflitfration® In one test house ust 8
shower fattwould produce 047 air chanam per hout and &
shower anid kitchen {an together would produce 3 01
changes perhour. A clothes dryer gave 0.58 changes per
hour under actual Howse operation conditions For pencds of
short duration a typical house with an average winter air
change rate of B0 might wmp © 1 80 with wo spplance
fans operating. These air changes are forg house of aver-
age volume. The values of the ar changes per apphance will

Wﬂtraf@on e 10 the wind. ;Becam the m&sd&sumfdﬁ pres-
V; 24 :
,ig;xf:itratm will go oul the chimney when this type of Turnace
mmm such refinement am:i l = f:) Vu B mmmmendw far ,  s

“Research has net as yat Wmmd exact relations beefl 5l
»¥ %an values of I and important house vanables, but cenain

- ~of @ir changeper hour paused by a fusl fired fumaece wm
rends have been noted. The number and size of windows

cmpanymg Bifget af the, cmmﬁv i mtﬁwfa o sepaae
“from the wind and stack effect. It appears that miuch of the

% in operation® Thig, of coursa, will mﬁﬁ ‘the neutral preg. -
sure level and thus increase the numbera! cracks exposed
{o a pressure difference favorable o infiltfation. The amouht

with the fumace size 1o house volume. The air change w
hour due just 16 the, fermace operating {due to air for com-

. ‘bustion ang chimmey dilution air} was 0.40 tor a houseim D -+

tario, Canada® and 0.19 for 8 house in iilinois”. For irzimmst«_
tent turnace operation, such as might be found in typical
coitt weather gperation, pertiaps "atf of these air change.
values shoukd be usel! for malistic overall infillration 7ates. .
Anciher sl involfed two dentical houses except one naz;f a
gas furnace and a himnpy and the otter had electric

ing with no chimney. The results showed hat the house s

- the gas furnace had infiltration rates up 10 50% greater t!wn

the house with electric heating. Other tests® show that gas -

heating causes only 12% increase m filtration pver elmtm . :4

l’se':img
is importart for the user of this m%ormatwn m ap- .

.premate the many variables mvolved n the experimgms

under which this data was collected. This data was collecied -,
n the northeast end mid-west of U8 and in Canada. To .

“apply this information 1o typical house in say. Forida, mighit

produce farge erors. Also this information cannot be safely
applied fo houses of unconventional Algsign or Duill with
matenials that arg not commonly used in typical house son-
struction. Because of the nature of racer.gas 1sfing préce: |
dures the entirg vordoned space of 'r;i‘te hwm m&mﬁ be
1sed as the House volume.

O = § x {House Woméﬁ .
whers 0 is the air infiltration rate in cubic Teet "pew howr.

This infitrat ion data is now arranged gma o wbssw %ﬁ
imformation m Table 1 represents the extremes of tragss gas' Y
data cottected from 13 houses under aciual winter Eragie S
tions. The houses had either gas or electrin heating, vt no.
appliance exhaust tans operating. The culside temperature |
varied from (FF 10 32°F and the wind speed vaned from Qo
15 mph. The nformation in Table 2 represents wpmx%nm
tormutas for the stack and wing effect. The gholoe of ztmw
numbers come-4om the previous discussions. vob il L

A tightly (:.onﬁ?we,tad house is a new house whare na:ﬁ -3
has been taken duririy construction.to prevent snliftraion o




s gt uneds ancrine ot the rest of e house

&

an older house where the bullhng envelope has bean

throughly reworked. The windows and doors must be tight

fithng. Aloosely construcied house 18 8 new house whate no
special efion has been made to make ittight of t is an older
house where cracks exist and normal wear of wandows and
doors hiave produced-gaps allowang aif leakage.

The contents of Table 2 are 10 be used in the formula

t= 010+ BOT+ Dow)
wheret s changes per hour, i

For a tuel-fired hurnace add on an air change/hour of 30
sfor wanter condibons w northerm United Stales, For poorly
nsutated houses or for very cold conditions a value larger
than 10 shoyld be used.

w

FIRST EXAMPLE

terrming the witter infiltration for & tyorieal new brick hotise
of 15,000 cubic feel volume (© be bull m Pennsyivama. The
conttactor has no orecific teghniques 10 prevent infillration
but promises fo be caretyl dunng the construchon of the
envelope of the house. The nodse will have a gas fumace
ardd storm unis on'all windows and doors N
# # Solution, The wirder conddions n Pennsyhvana as
" manilar to the condimions under which the mformaton was
gathered tor Tabte 1. Because the house will be new and
standarg methods are used 1 reduce inbilrabon the hoyse
will tend 1o be tght. The gas fumace however wil noreas
the aie change rate. Foy this reason a value of 5015 ¢ oler m
The wiiffration, ), is

T

(?X ) . i &
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g'}«\s the house becomes ouler s will wprease unless
C . sorpe tag s taken FOr s reason an addibonal amount of
sditration coult be added on for @ long ferm ener gy andiys
o for szing of heating equpment Resolve s example
using Tabie 2

8

%

» Solution Becsuse the house s new and 8 built with
Poarel 006 A T s chosen for the stack effect With strown
% hghby corsruciad

015 Vo 15 chosen for the wing eftedt The aversgs waather
ronchlions onder wiieh the mlomston of Table 1 was
I gathared might be en cutside tempersture of 20F and 3
B omph wind, thus

# Le 104 O0BIROY+ Q15 (8~ 478 ¥

© Totnsan ar change of 10 s added W allow ‘or the pas

2

Chave storm ynits.

«tumace ng wiu );e about azi% mc:feasa in

tc the 1uma&:&

FRS

oiln 75 u,cﬂo 1 = 144 cm

! s&com mume \ 45
 Determine the infiltration fw atypical new house 115000

cubic feet 10 be built where the inside-outside termperatuse

‘differences is most ofterr less than 10F. Constand 10 mph
< winds are common it this area and will blow broadside on

the house. The electncaily heated stuceo hous@ dnes not

» Sokution. From the descrption of the weams;r condi-
tiorss Table 1 cannot be used. A stucco house tends o be a
tight house {say 008 AT lor the stack effect} but having
no storm.ounils and broadside blowing wilt increase the
wind ieakage (say 020 W) me Table 2 the wmmng e
fation s used.

O= (10+ 006 10+ 020 10)- 3’?6%%/5
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