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. faces depend not only on roof shape and height above ground,

but also vary with wind angle and location on the roof with::
respect to the leading edge or ridge. At leading edges of [
or low-pitched roofs (up to 30 deg pitch) negative pressures. of

~ 0.8 to — 1.0 p, may oceur, while pr
ing areas may have valuesof — 0.2to — OSP.Presummn
haveva.luaof+02or+03p.ont.bewmdwardmdeof

high pitched roofs, while ]eewu.rd mde pmum my be ~ 05

to — 0.7 p,.

In the prediction of rates of infiltration or nauu-nl venhla-'
tion, pressure differences across the walls or roof of the build-
ing are required, and'.heedependon interna] as well as ex-

alun:wxﬂdependonthemxsunceeufcncksand penings

and their loeation with mpect to the wind duechon In la.rga
buildings the tigh of i
be a factor. If the openings are uniformly distributed around
the walls of the building, inside pressures will usually be
wlt.hm plusor minus 0.2 p,. If openings on the windward side

inside
spproachmg the pomt.lve values on the ouunde Conversely, if

openings on the leeward side p:
may have negative values ofO 2 wo 4 p, or greater.
The selection of wind velociti

calculating pressure " differences across the buildi
due to wind action, is not ightforward since the relati
shln between recorded wind and wind at the b\uldmg site
varies and is difficult to establish. Data on wmd is usually
based on records obtained ai often
urporfs, where anemometers are usua.lly on top of buildings
in relatively open country. Buildings are located within the
surface boundx.ry layer of the earth, where there is a' mg;mﬁ-
cant increase in velocity with height. Furthermore, the rela-
tionship between velocity and height depends strongly on thé
surface roughness as influenced by the type of terrain; whether
Bat open country or wnter, wooded country or suburbs, or
large city buildi In to the p

measured velocities into those at the bm.ldmg mte, ‘there is
the question of the effect of the vertical velocity gn.d:ent on
the pressure distribution, especially around tall b
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Some measurements' suggest that the variation of static
pressures with height at ﬂxe surface of buildings is much less
than the variations in the velocity pressures of the oncoming
flow. Measurements on the Empire State Building? show
little difference between pressures at the 36th and 75th floor
levels. Shielding of one building by another results in signifi-
mt reductions i in _effective wind velocities. At street lovel

ng large b wind directi and velocities may
bearhmemlahontothosemeasuredatthemtmther
station.? In general, the velocity of the wind acting on the sur-
face of a building is entirely too complicated to be repre-
sented by anything that is rational.

TEMPERATURE DIFFERENCE FORCES

When the temperature in a building or room is different
from that outside, pressure differences between inside and out-~
. side occur as a result of differences in air density, that is,
chimney or stack effect, When the msxde Mmpemture is higher
than outside, this chi effect’ inside
pressure and inward flow of air at lower levels, and a positive
inside pressure and outward flow at higher levels. The reverse
occurs when the inside temperature is lower than outside. At
some level, with temperature forces alone acting, there is a
peutral zone or plane where there is no pressure difference
between inside and out.* At any other level the pressure
difference depends on the distance from-the neutral sore and,
the difference between the densities of inside and outside air.

ChlmneyEﬁed
Thmcanbeexpmed .
p.-oszm(_—_) . @
Ty 4,
P= th diffe across encl due to
chumeyeﬂ‘ect inches of water. .
P = ab: pounds per square inch.
-h = distance from neutral zone,oxeﬂechve chunney hex;h&,
“feet.
* T, = absol outada,"‘ hei
. T, = abaoht inside, Fahrenhei
" This relationship does not t for p losses be-

tween the neutral zone and other levels due to resistarice to
fiow within the structure. Values of p. for any effective chim-
ney height and indoor to outdoor temperature difference ean
be obtained from Fig. 2.

The level of the neutral zone dependa on the vertical dis-
tribution and resistances to air flow of openings t.h.mugh which
inflow and outflow can occur. Fnr example, if there is only one

pening, or if one op ly large relative to the
others,theneuﬁ-nlmnewlﬂbe&tornearﬂleeenﬁerofthe
ing. If the i d vertically,

the neutral zone will be at the mid-height of the enclosure.
If there are no space separations, or if their resistance to flow

is small (the usual case), a building acts as a single chimpey”

_and the pressure at any level in the building is constant. If the

spaces are isolated from one another, each has a separate
chimney effect and neutral zone independent of the othera. In’
most cases there is some degree of interconnection of spam.
and the pressures within a space are affected by the action of

the building as a whole. Thus, the vertical distribution OfA

pressure differences across the wa.l]a of & building depends on’
the resist: to flow of hori ] and vertical ‘space Bepars-
tions as well as the vertical distribution of openings.  ~
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ture forces acting, the calculation of the

,:tv,:}?]: lllzel"e:;pt;': neutral zone Ior sunple mclosum w1t.h
E of known air flow ch ward.
In enmplu buildings, however, the effects of internal space
stairwells, el ghafts, utility ducts, chim-

s, vents, and mechamca.l air supply and exhaust systems

are difficult ‘to evaluat s at or

isties is
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COMBINED FORCES

The pattern of pressure differences across a buildig en- 1
closure depends on the itude of all acting pr  forces :
and the distribution of openings into and within the building. 3
In an actual bmldmg, mnce the relative magnitude of the i
forces i is i h the p pattern ch

above the roof and, t.herefore, have the effect of incré ng the
beight of the neutml zone. The effect of a chxmney on the level
of the neutral sone is especially important in houses or small
where the exhaust from the chi

torildi

.Indwgn "', the limiting conditions, :
either minimum or maximure, are usually required. For 1
these cases one force may dominate eo that it maybeneees- +
sary to determine only the relative magnitude of air flow
induced by ‘one or more forces acting singly. In other in-

substantial proportion of the exfiltration.
also mmpuxe height of the neutral rone, while air supp!y

have the opposite effect.

Available data on the levels of ncuf.ml zones in various
kinds of buildings is extremely Iimited. The neutral zone in &
47-story office building, on which measurements were made
in 1934, was at or somewhat below mid-height over a range
of outdoor Similar ts on a 40-story
office building, reported in 1937,¢ indicate that the peutral
sone was generally around the 24f.h floor, an elevation about
60 percent of the height of the structure. In both these investi-
gations the, pressure differences above and below the level of
the neutral sone were somewhat less than would be calen-
Iated from Equation 2, probably due to the pressure losses
required to maintain the upward flow in the buildicg. More
recent measurements® of pmssure differences across en-

trances in tall buildi that the app leve.lofthe

neutral gone is 0.7 of the total building height for

bui]dm@.lnonsunuma.ﬂyughtmndembuﬂdmgmﬁh
ically sealed the t level of the

neutnlmnzwnso 3 of the wt.a! height.

It would appear from these results and other observnhons’
that vertical openings, such as stairwells, elevators and other
utility shafts in tall buildings, often are not well sealed and

that pressure differences due-to chimney action result, to a~

large degree from action of the building as a whole. It is clear
from-Equation 2 that pressure differences due to chimney
effect would be greatly reduced if the sealing of vertical open-
mgs were made renlly effective.

houses indi that'the neutral zone is
likely to be well Bbove mid-height and that the effect of the
chxmney in raising the level of the neutral zone mcre&sm mth

ing outdoor
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stances parhc\ﬂaﬂymmﬂbuudangs,xtmaybemary
to forces in morderfoarnve i

ata mhonal dwgn

Each b & unique p m, but the manner
in which the pre pressure forces act can be oonszdexed qualita-
tively with reference to Fig. 3, which represents the distri-

ding in which lent area are equnlly dis-
tributed above and below rmd-hezght and where there is no
_significant resistance inside to flow from top to bottom. The
glopes of the lines are functions of the densities of indoor and
outdoor air. In Fig. 3(a), with inside warmer than outside and
pressure differences due to stack action alone, the neutral
zone is at mid-height with inflow through all openings below
and outflow t.hmugh all openings above. The effect of a chim-
ney or i from the building would be to shift
themmdemuehnewﬂ:eleft,mmngthelevelofﬂ:e
peutral zone. An excess of supply air over exhaust would have
the opposite effect. Fig. 3(b) shiows pressure differences due to 1
wind alone with the magnitude of wind effect on wmdward B
-and leeward sides equal but opposite in sign. !
Fig. 3(c) represents the condition where the wind forces
illustrated in Fig. 3(b) bave just balanced the temperature
difference forces with no pressure difference at the top on the
windward sides or at the bottom on the leeward sides: Thus
the total flow is only slightly more or less than with stack ac- ¥
tion alone. Beyond this point, as the relative magnitude of i
prmre differences due to wmd increases, the lines represent- 3
dward and 1 P movemt.henghta.nd 11
Ieft, and the total flow b i t on %§

wind, although the differences in pressure wxf.h helght due to g
temperature may result in significant variations in flow with i
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