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height. Por the specific case illustrated in Big. 2(c), the

pressure differences created by wind and those due to tem-
perature difference acting singly can be added to determine
the combined effect. Strictly speakmg however, this is not
true in most i since the eff areas of
for inflow and outflow are not the same and further the ratio
of these areas does not remain constant as the relative magpi-
tudes of the pressure forces change. The inside pressure dis-
tribution must shift to maintain inflow equal to outflow and
the pressure differences depend on this equality.
Information on the relative importance of wind snd ‘tem-
persature difference forces based on actual observation is quite
hmxted’ In studies on tall buildings$4 exfiltration from
windward facing rooms in upper mmm was noted st low out-
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Table 1 .... Air Changes Tuking Place under Average

Conditions in Residences, Exdwve of Air Provided
for Ventilation®

Number of Air
Kind of Room or Building Changes Taking
Pluce per Hour
Rooms with po windows or exterior doors.. .. . .. 34
Rooms with windows or exterior doors on cne side. 1
Rooms with windows or exterior doora on two|
14
2
2

door temperat; even with relatively high winds. P
due b tzmpemhue difference dunng t.he heahng season
to tall buildi in cold t

Thus temperature difference forces must be taken into ac-
count in estimating sir flow into tall buildings at various
elevations. In low buildings the nature of the terrain and

ehielding provided by adjacent structures wili have a major ’
_effect on wind velocity and therefore on the relative impor-

tance of wind and temperature difference. Air leakage studies
on two bouses’ in an urban area indicated that temperature
difference forces were at least as important as wind forces
corresponding to weather station winds of 15 mph, when
indoor-outdoor temperature diffcrences were 70 F deg or
greater in one instance, and 20 F deg or greater in another.

CALCULATION OF INFILTRATION
Air infiltration may account for a significant proportion of
the heating or cooling requirements for buildings. It is there-
fore important to be able to make an adequate estimate of ita
contribution with respect to both dmxign loads and seasonal
energy requirements. Air infiltration is also an important
futor in determining the relative humidity that will oceur in
ar, eonvemely, the amount of hulmdl.ﬁustwn or
dehumidification req given h
‘There are two meﬂmd.s of estimating air infiltration in
bmldmgs I.nonemsctheatxmaﬁeubasedonmmxmd
leakage chy istics of the buildi and se-
lechedpmumd:ﬁemnm Thxsxsknownuthecmd‘nwﬂmd,
since cracks around windows and doors are usually the major,
source of air leakage. The other method is known as the air

. change method and consists of assuming a certain number

of air changes per hour for each room, the number of changes
assumed being dependent upon the type, use, and location of
the room. The crack method is generaily regarded as being
more accurate, provided that leakage characteristics and
pressure differences can be properly evaluated. Otherwise the
wﬁshmge method may be justified.

air due to opening and closing of doors in
wvestibules i m]?okgehmm basedp: 1:.1& air changcngme thod, even
though the air leakage estimates for other rooms are based on
the crack method. Except for vestibules and reception hallg,

* For rooms with weatherstripped windows ar with storm sash, use 3§ thess

temperature and w‘md The mlcu!at.mn of’ mﬁlmtmn rates

itable for predi of ] energy more
difficult, since ideally the product of infiltration and lndoor-
outdoor temperature difference integrated over the season,
is required. The measurement of air leakage characteristics
of building components, such as walls, windows and doors, is
quite straightforward and the principal problem here lies in
the variety of components used in buildings for which specific
air leakage data are not available, and the differences that
develop between components as tested and as installed or
constructed in the ﬁeld. The major limitation, however, is in

stimating the dxﬁmnces. Furt.her stud-
ies are ired to d ing ti
the va.nuu.s factors affecting air change.
Air Change Method

‘There are few pubﬁshed data on t.he air change rates for

different b and j are ired to
obtain satisfactory estimates by thx.s “method. The values in
Table 1 may be used with ision for resid

and are the requirements for each room. Soms engineers as-
sume that the {otal infiltration allowance for the entire build-

ing is 24 the sum of the infiltration allowances of the individual
TO00mS, since whatever air enters on the windward side gener-.
ally leaves the building on the leeward side, and the infiltra-
tion requirements do not exist mmu.lt.s.neously on all sides or
in all rooms. For resid itis to assume
that the total infiltration allowance for the mdence isequal to
the sum of the infiltration allowances of the individual rooms.

Air Leakage Through Windows
iated with closed wind

occurs through

Air leakage
_cracks between the frame and surrounding construction and

between sash and frame, the latter usually predominating. Air
flow through window cracks can be expressed by an equation
of the form:

Q = Capr @)

it is not advisable to attempt to apply the air change method  twhere

to factories and industrial and eommercm! buxldmgs, because Q = flow rate.

of wide variations in the type and p of f C = proportionali

wliuch B ﬂze ;on:; p:}' source of l?nhézl:; such buﬂiﬁw: n = exponent of flow, between 3§ and 1.

provides the major source of air leakage, infiltration is usu&lly T

based on estimated air ¢

The accuracy of estimating mﬁltmmn for design load cal-
culations by the crack or component method is restricted both
by the limitations in information on air leakage characteris-

tics of components and by the difficulty of estimating the

pressure differences under appropriate design conditions of

Ap = pressure difference acrosa window.

Air leakage characteristics of windows are usually expressed
as flow rate per foot of sash crack. The assumption that all
cracks in & window arrangement are the same is not strictly
correct, but usually is close enough for design purposes.

Infiltration rates for a number of window types at pressure

- differences corresponding to different wind velocities are given

j
¢
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. Table 2 .... kftltration Through Windows
Exprassed in cubic fout per foot of crack per hour*
Wind Velocity, Mifes per Hi
Type of Windaw Remarks ociy. Mier per Hew
5 10 15 20 25 30
Around frame in masonry wall—not calked® P B} 8 14 20 2 35
Around frame in masoary wall—catked®. ... . 1 2 3 4 5 6
Around frame in wood frame construction®. ... 2 6 1 17 23 30
Total for average window, non-weatherstripped, }g-in.
Double-Hung Wood Sash cmk and 3§4-in. clearance.® Includes wood frame laak-‘ )
Windowa (Unlocked) | age..................... 7|2} | %»| 80 104
Dl'.m weatherstrippedd 4 13 24 36 49 | e

Total for poorly fitted window, non-weatherstripped, %z-
in. crack and 3¢;-in. clearances Includes wood frame]

69 1 | 154 | 199 | 249
19 34 51 71 92

Double-Hung Metal Win-
dows!

Wea.then!tnpped , unlocked

45 {70 | o6 125 | 154
7§ 1| 104|237 {10

Industrial pivoted, ¥{g-in. eracks
Architectural projected, 3¢s-in. crac!

Rolled Section Steel Sash | Architectural projected, 3¢4-in. crackd.
Residential casement, }4-in. eracks...
Residential easement, 1§2-in. crack!...
Heavy casement section, projected, ¥-in.
Heavy casement section, projected, }$3-in. cracki. ...

Windows®

52 | 108 176 | 244 | 304 | 372

. erac

Hollow Metal, Veﬂ.icnlly Pivoted Window! . /. ..................

o data, reported in the

B The values given for frame leakegs are per foot of exsh perimeter, as dotermi
Izates fa tho brack wallitaell, and canoot bo ted king. P tional resson
e AL o chbres the oy o ey Eaied by clking, For the sddi

thlvetl‘e

'mvdmpmm&u&mm m&mhm%mxmmmmnm\ummmwmfammw
xnedhdmhbhmmﬂmﬂomdmmlm in magocry walls

orig-
is not done perfectly and deteriorates with tims, it is con-
by the and non-calked tests.

h‘mnﬁidthlmmﬂshmvwdnndwmdﬂnmmnduMrhm&md’hmdmbymumuwmﬂm\dymwmuw

€ The valusa given sro the totals for the window opexing
values inclnded sro luwuodhm-mmbmnpplyu-dlm

per foot of sush perimeter, and includs frame keakage sod so-called daewhers laokage. The frame leskage
canztruction sssuming a §0 percsnt efficiency of framo calking.

%A Yia-in. erack and clearsince represent # Dooely fitted window, much poores than average.
Windows tested in place in building, so that no reduction from test values is neoessary, as mentioned in footnote &

:Im“v';ﬁmmmlywdmbdmbm!m Ventilstors hocisontally pivoted at center or stightly abave, lower part
Architacturall m]nchdmdadmmumdmmdnwud exoept that cutaide framing bor is beavier, and it bas refinements
buiidings such Ventilstows swing in or out and are ‘aro balancod oa side arms. Jr-in. cack

hrdnn. Used ip gemi- monumental
Heein.

nnhnb.

out.
in weathering sad
iR bt sy

represent average
‘m-md-@-ndmmmwummmmmhzdhhmw& t/erin. ereck is cbtainable in the beat practice of manufacture and in~

-anv.m, imin. craek 0 represent average
of heavy sections, Vam!mm it and L at
mu-m, oL bon swing u: or out stay sct at any degroe of

¥ With rexscmable eare in at
gisg oo et on, Lorerat :;'?u"s'h&'.u Tratmework 3 Aot oo s, and

in Table 2.1 The values given in the table are 20 percent less
thian test values, which nmphea that the acf.ual pressure dxf-
ference across wind d walls in & build

0.64 p,, ukmg'heexponentnmEquahon3equnlto}é The
wind velocity in Table 2 corresponding to pressure differences
due to chimney effect can be found from Equation 2.

An alternative approach is to equate Equations 1 and 2,
solve for V., and increase the leakage values found in Table 2
ot this wind velocity by 20 percent.

There are 8 vanety of dmgns of windows now in use in
both and buildings for which there are
10 published air leakage dxt.& In some instances data may be

mw‘/mm&u*ﬂm&mhMmdm{thA
ce. Known aa Intermedinte

mrhaemdonmnhahndm-

#toel window wmanufacturers,

framework and st mullicns, is n#m'hl With ¥u-in,
at mulliogs, about one-4ixth of that given lﬁﬂﬂ;ﬂ 0 a:ﬁo'l

The fit oI double-hung wood windows is determined by
erack and clearance. Crack thickness is equivalent to one-
half the difference between the inside window frame dimen-
sion and the outside sash width. The difference between the
width -of the window frame guide and the sash thickness is
considered as the clearance. The length of the perimeter
opening or crack for a double-hung window is equal to
three times the width, plus two times the height, or in
other words, it is the outer sash perimeter length, plus the
meehng rail length. All of the wmdow crack in any given
room is not ily used in ing the infiltration
heatlossbytbecmckmechod The length of crack to be

lable from the ; .Inlarge "bmld-
ings it is quite n for archi to specify
-ﬁlhnhnn rates based on.testa by. mdependent lsboratnnes
Bpemﬁcatmn" of the Alumi Window M
air leakage rates for a varety
Ofdummum -window types.based on & pressure difference
during test of 0.301 in. of water.

lected in any ngen case depends on the number of exposed
sides, as explained in Chapter 28.

Values of leakage shown in Table 2 for the average
double-hun,g wood window were determined by using, on
nine windows tested in the lab Y,
erack and clearance of a large number of wmdows found
in a field survey. In addition the table gives figures for a




