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2. lnf luence of nearby obstruciions, topographic f ea.lures, or vege'fation.on local,wind 
.

spebds.(Holmes'et at' 1979; While L954):
3. lnf luence of archi tectural features suêh as exiended: eaves, sùn-screên devices, òd;wal I

projections on surface pressure distribution around a bui lding (Aynslêyì L971-l.

, 4, lnfluences of size, proportion, and location of openings in a bui lding on airfl-ow pai-
Tern and pressure distribution (Aynsley L9191 ' : ; ., . i. 1ì:

Cuirent boundary layer wind tunnel iecliniques håve 6een shown to be's'uffîciently acculSte
for venti.l aiion Oesiin purpoggs by full-scalé corretãlion siudies and afe ?on't'inu'äll-y b9i'n9 -'re-
f ined. (Vickery 1981): sorä *ind iunne I techn iques f or oeteimin ing. inf 'l uènces 'of veg'erãri .ol'--o'n

local winds (White 1954) need further co(.elátÍon'of moõei and ful,l-scale studies lo de-termiñe.

their order of accuracY

This paper describes
1. Boundary layer'wind tunnel model inþ

sure rel iable data from lests.
2, Two methods of using probabì | isfic w

summer Ìhermal comfort of occuPants.
coeff icients, the other, wind sPeed

SUMMER THERI'141. COMFORT AND NATURAL A.lR T11OVEMENT

pãra'rnèters tha:t current I y nãed cóns i der'at ion to en-

ind data to estimate airf low ihrôLgh bui.'fdifngs f or
' One method
ðoefficients.

uses pressure: d i_f f erence /' â i'srharde

W ND TUNNEL MODEL ING PARAMETERS FOR VENTILATION STUDIES

' 
rá be ¿iüi¿eo i¡to.:Those related to the boundàry layer aiif low :and those' ie'[ a-

l::'i"oî;:';:::i il,,o,"n ano lrs' immédiare surrounoines. -Boundary''raye-oo"i.i,.ie invorves 'the
géneration of airf tow arãund lhe building model fhat reproduces a't the appropri¿tè'séate''l'he fol-

.' i:, :

elocity, .. .t!, 
:.

^ 
at a.site (AYnsleY et a'l,.Lg11l'

Modelin Paranie ters for Bu i l d i s and lheir lnrmediaTe SurroÙhdin
These parame ers can be grouped nto s xca egor i es ( yns I ey ef al.L971)

wind tunnel .blockage, -

I ength sca I e,
aoiiity to reproduce smaII archiiecl.úraI deta-i ls,'
model i ng surrounding environment,
Reyno|ds number"infIuences, and ." -

t i me sca I i ng for: measÛremen ts.
For a variety of reasons, íncluding the characferislic time-scale
mean hourly velocities, and Pressures are the-common, standard for
studies in wind tunnels (Vickery 1981).

dislribution
inf i ltrat ion

of wind enefsy¿.
and ventilaf'i on'

Advances in boundary layer wind iunnel .ÌechnÌques now permit estimatès of lhe probabi I ity of nat-
ural airf low through buildings capab]e of resior::i-ng thermEl cômfor:t.of oceÜpants in warm environ-
menfs¡ To make such estimafes; probabi.l istic'dátô is requíred-on:cl,i màtic'parameters 1- such' as

dry -bulb ternperature, or mean rad'Lant' ternper:a't.ure j wet-bulb t-emPeratur:è'or relative hqmidity,^and
local 

,wind 
spee.ds and directions.

,.. Tlvo simp:t e ihermal com'f or:l clìÉrts thðt:rel.ate f he.aþove.variables are E'f Éective'Teçnperature
and one by t-he writ'er Þ¿sed on Macianlane's Therrnal G'omf,ort Zones -lMacf arl-ane 1958) '(F..igure 1,);
Boundary layer wind tunnels provide q means.o_f iorret'ati.ng long=t:éñî wind r'ec,ords.f.romipermane¡t
meteorological stations, (Table l) with local wind con.ditions a.t a building_site.

E.ST,IMAT ING- VENT ILATION WITH,PRESSUREi DIFEERENCES AND 0ISCHARGE COEFF ICIENTS

Di scharge coef f icients
tI

typ,i.f y t he emp ir ica I nature of maoy bra.nqhes of i I u id ,mechan ics- . Whöi:e,
Empirf0alcomplexity of flow eludes complete theoretical analysis, empirical methods are used

r4ethods use coe'f f icient.s derived from experimeñts lo'provid€ a means of design! .

. , I - , i i l' :; :' I ': '

, Discharge coef f icíents of openings only'r.etain t,he'rr specif ic émpl-Èic validiÌy às iìoñgi as
they are used wilh lheir, associated pressure difference. Quantifying discharge tnrouih winOow

'ì
L



openings wiih a comple¡ turbulent incident flow poses numerous problems. First, iherê is an al-
rnosl endless variely cf geometry and exposure condi lions. For openings that happen to be in a

windward orientation, the external ciynamic pressur-e is a vector quantity with rapidly vaîying in-
tens i iy and d ir,ect ion

Unl ike la.inar f low in pipes, wi th natura I airf low lhróugh bui'ldings there is no convenient-
ly defined reference for pressure di.fferences across ori fices. Negative pressures are general ly
even around leeward openings. Positive pressures around windward openings are influenced by loc-
al flow conditions and vary signi ficantly âround windward openings. 0n residential scale bui Id-
_ings¡, pressures are greater near the top of windward wal ls, but stagnation pressures besÌde the

miãfreight of windward windows were foun.d to be.a good aPProximation of mean total pressures on

wi ndward open i ngs ( Ayns I ey L911 I .

Typical average pressure difference coefficients across bui ldings at midheight of wal ls on

six types of sol id model houses are provided in Table 2 (Aynsley,7917ì..

Openings inSerìes
Flow through bu i ldings general ly occurs ihroÙgh at least two openings,

Seriès or via branching patñs where multiple inlets and/of outlets are pres
where airflow resistance through a bui lding is hÍgh, flow can branch at inl
major porÌion of incident airflow flowing around the building.

inlet and outlet, in
ent. ln addition,
et open i ngs wi th a

Considering the simplest case of flow between'windward and leewárd openings in series-wit'h-
out i.nternal,_branchifg,. it can be. shown f rom an energy equat.i on f.or j'he f loW that.the.ef f ectíve
pressure dif ierence iã bet*een ,the total press;..rre at the windward opening and the,'stalic prèssure

-at the leeward opening (Aynsley L9711.

As there are rarely delai led data on internal pressures in bui ldings' it i5 desirable tohave
discharge coefficients for comþinations of openinþs'in series related to the effect,ive windward/
., 
""*u¡¿.pressure 

dif f erence. The combinations and permulations of such ooenì¡gs i'n. seri.es are
almost unl imi ted. One approximale formula for discberge ihrpugh. openings in series, which rnakes

use of l"ypical discharge coef f icients for individual open'i ngs without specif ic ref erence ,to the
pressure differences across each openinq, is (Aynsley l9/7): ^ì

(Cp1 - Cpn+1)
_)
u.1

(2)
.1 l1

2 ) 2 2 "' ^ 2.2Cd1-41- Cd2-A2- Cdn-An-

where
An is the square of the free area of oþeiring númber n, (m2) 

.

Cdn is the square of the discharge coefficienl for openinÇ number n

Úa_t is ihe square of lhe mean reference free exler'nal win<j speecj (m/s)
usually lO m above ground I : t

Q is the discharge (m3ls)
, Cp1 ,is the coef f.i c-i ent of total pr:essure at'the windward opening

: Cpn+l is lh.e codfficienf of; total pressuFe at the leeward opening.,
Thís equat'i on covers mos.t simple cross:verÍtilalion. situdf Ì:ons such as houses and
e.xample of the application of this equation is proví'ded in Appendix A.

z,

For more coniplex floW conditions where internal branching of the flow occurs, thè solulion
is mor¡e compléx' irivolving the iter.ali:ve solut'i,on of .sirnullaneous, eqUations wiïh riumérous coef ti-
ci'ents¡'and is þest d'one by computer. An dxamp-l e of such a calculation tör inf illralion ina high-
rise olf ice building is,described by Vi-ckery (1981 ). , ')

Sources of Discharge Coefficients
.Where internal airf low.in'buildings is forced to change di_recf ion frêquently because.cf rel-

iìt'ive location of openings, resi,stance to f low increases and the use of a;discharge co,ef f i'cient
oÍ O.65 for al I openings was iouàC to give an e'stimale of fìow 2% greater lhan measured (Aynsley
r971.t,,. ! .i: j ì

;r" : - : I - : /'

ln f low conditions with f ew changes in dir:ection but largevariations in openi: ng-size:s; use
of a common 0.65 discharge 'coefficient for al I internal openings and measured lotal fo- siatic
pressure di,f ference resul,tqd in underestimal.ion of. measured f low by -l6Vo lo -29%, fhë average be-
ing -2þ.5%

j



. I.n f low cond,i tions with little resistance, such as a single cross-v'añf i'lat'ed room wíth wind-
,n,ard dnd leéward open iouvered walls, the use of a ,jíschãr'ge coef f icient of 0¡65 rsnderestir¡eted
flow by -35% using the measured 1'olal tb static piessure.di fference (Aynsl ey L971l,.

ln free ftow condil,ions the díscharge coefficients in TabL.3 *.." i.""otio o"'uOO.oO.ìu,".
lncl ined inciden-ce of air flow away from normal to windward openings reduced flow'rate {nlo such

openings in-proportion fo the cosine of the ang'le of:incidence up to ó0 degr.ees. -Above.6P d99-

rees incidence, no ctear relaf ionship could be detected, b1t general'ly f.i ow,rafe :..1'.,r:O 
lo de-

cr ease

Pressure Differences
The pressure di

-reference at a heigh
at the closest meteo
toial pressure data
ding surface at the

f ference partióf Equati,oÁ 2 iêrreferenced to thêrmeaá hourJy dynamiG.:PÌ:essure
t 10 m above ground. Thí.s c¿in be correlatèd'wíth simi lallong ter:m recond,s

rotogîcal'reòording statíon fo génerate lòcal probabi I istíc dafa. 'Windward
at operì ings are Àot'ñormal lyiávailaóle, and fhe:pressures Aormal to'-f he,buil-
location of the openin.g, measured of f a solid model, are usuall.l:t:o'

Typical varialiOns between solìrð moòél windwárd/lèeward surtãcé pressÚËé differences"- .and

windward tofai pr:essures/leeward siati.c pressureS measured at normal incideñeê fo' long'wal ls" on

wind tunnel models of houses over a iange 9l oPgning .sizés'aie indicated in Figure 2. As 'Élow

rafes are'p.opo.lional io the square root ði pressure-di ffÈrènces, fhe use of sol id model surface
pressure data does not normal ly resul t in gross errors when openings are les5 than'570'or greater
lhan 4O7o of wal I area. Largest increases over sol id models in pressure di fferences across houses

occur near the ends of long windward wal ls (Figure 2) when openings are aboul L5% of wal I area
(Aynsley L971 l. Use of soli¿ mo¿el pressure differences under these conditions resu¡f5:¡i;!nder-
esiimation of ai.rf low r_afe óy 5O7". Care should be l'aken in selection of pressure dislribution
dete to ensure that ihe'wind tun0el study:¡oi towéO acceptable.moôel ing practìce'.-

uch data"lOr' a'ri¡l i de

ta-proceêsinE I to
on data co I I ected
e'i s much I ess sur-
i ldings.' ln. lhe case
yer W i ndj tùnnei ßtu-
lo c,ollec,t sur'face
with full:scale ob-

Most'institútions with large boundaiy layerwind lunnel facilities häve.s
variety of bui lding types, bul it is usual ly on:magnéiic tape and'requires da

ormaf. Of len such pressure d i str i but i

single isólateo buì lding models, fher
le oÅ bui tòings surrounded by other b:u

t i ng budgels'oflen i nc I ude boundáry 'l à

wi nd bf fects. Íhese can be exteàded
st; Such a study and its correlatibn-

_-: emPlin, and CooPer (1980)

aì

Gîven the avai labi I iÌy of boundary Iayer wind funnel fac
is. a more dire-ci technique of estimating airf low inside
iniernaI spaces.and bui lding openingg ctan-be Lo!e-led acc
dìre'ctly anb rsìate.d to probäbil istÌc exteriìal'wiñd data
1:150 or bigger and smal I omnidirectional;aneiîómeters:.'
less important than air movement per se. Whi le direction
to-be rotäted during ihe test l'o plign them-wifh the dir

I¡AAT] NG VE NT I LAT I ON US I NG. MEAN WIND SPEEO COEFF I CI ENTS
. ". i: .' :,_

ties and fundS for mod'el s'tudies,'-i¡'"."
I d i ngs than d i scharge equat i ons. Where
tèli, interòdl a-irÉlow'can be' measured
Th:is'calls fòr nb¡eil sce:l.es of"al I'easi
comiort purposes, f low d'iìrèct-i'on 'is

anemome.ter probes are used, they neeo
iodof'air movemeh.t. - :

iri
bu i

urà

:For
al
'eò t

Mean Win'd'Speêd Coef f icients
Wi nd speed coef f i c i en ls, Cu, a.e'ì'he r'àt'i or'oft the'mean *iind Èpeecf , Úl , 'at 

ar goint of inter-
es
fi

I' indoors, usually one
e-d rg f erence he i gh i , z

where

melre above floor level,_ to the mean hourly wind speed
(usually 10 mt, upstre-am: rrom tÏe buildi:ng 'i n':the' a-i rf

. i,_,.. , (: -. : : :

, u7, âl a speci-
low uno'isi'urbed by

ihe.building Þo thal:

Yr.
úz

Cv = mean wind speed coefficient
Ú1 ; nie-an indoor win,d, speed at a.p.oint

uz = mean extcrnal reference wind spee
(z i-s :usua I ly 10 m)

Some mean wind speed coefficients determined from a simple cross-venÌi lated model for wind sPeeds
1 m above floor level and relaied lo 10 m reference wind speed are indicated in Figure 5.

I
t

.1

d

aöove Íloor leve'l ' .

a height z above ground

4



-'A simi lar technique, described by Vickery and Apperley 1L913) for predicting the probable
freqùency of'strong wind gusts near ground level in urÞan terrain was tound, from ful l-scale cor-
relalion, to have an accuracy in the order of plus or minus 10%. .Wilh careful modeIing, simi lar
accuracy should be possible in estimates of indoor wind sPeeds.

- The wind speed coefficient approach- is ideal ly sui led io steady airflow through and around
buildi'ngs of :r complex.or únusual shape. A discharge coef f icient approach for such a buildingwould
reqúire ð detai led wind tunnel .study of wind p[,essure distributions at many locations over..the
model surfaces. lt is much simpler to measure wind speed coefficienls directly.

The principal advantage of the wind speed coefficient approach is that mean wind speed esti-
, màtes can be obtained for any position at which a smat I anemomel-er can be located. A disadvant-

agé is that I arger,:more detai led models are necessary than are necessary for wind Pressure dis-
tribution studies. Components that defleçi the airstrqam, such.as lorJverg or ti lting sashgs, need
to,be modeled-with"exf reme care due to their: signif icant inf luence on indoor airtlow patterns.

t_,.j

The simpl icity of the velocily coefficient method for estimating air velociiies in bui ldihgs
is. appeal,i ng; howeyef , the lime and expense invol"ved In wind _tunnel studies to determine wind
speed coef f icÌenlsrestrícts its applicaiion to many |,ow budget buildi.ngs. Most studies on low-

,.cosi .buildÌngs.have been.made in.r.esearch progr.ams ai gover.nment research stations and at univer-
;sities. An example calculation.estimating ther:mai comfort using wiÀò gpeed coefficients is pro-
yided in ApPendix Bu, , .

DI€CUSSION

Boundary layer wind tunnels of.fer e qeans of oþtaining accurate mean hourly probabi I istic winii
pressure data on bui lding surfaces for use in estimating aìrflow through bui ldings from diséharge

- ty.pe equations. The influence of local terraÌn and nearby bui ldings can be accounted for,by in-
acorpo¡ating such features in the wind tunnel models.

:

G.iven rel iable pres6ure dala, errors in estimates of natural -vent,i lation when using pressure
; dif,f erence/dischar,ge coef f içients equations are móst Iikely to aiise f rom.þoor éelec'tion of dis-

.. charge coefficien,ts. Such errors tend, to resul t in underestimates of venli lation whère large op-
,ieniflgsi and low f-l ow resistance occur and provide a margin;of saf ety when suirmer thermai,comfort
.-or air.change rates ¿re being considered. (Aynsley L917). More boundary layer.wínÇ funnel !gsting
lo provide discharge coefficienls_ tor la.rge openings in series would reduce this sourêe of-.èrror.
Where the purpose of fhe venli lation estimate is related to heat loss in winter, flow is thi-ough
smal ler cracks and openings and use of a discharge coefficient of 0,65 general ly resul ts in a

sl ight overestimate of venti lation (Aynsley L9711. LQGk of simul taneous data on al I faclors in-
f luãncing thermal comfort of building occupants often l"i mits such esl-imalás to specif ic hour.s:of

. th€. day, tJpioally 9:a.m. and,l p.r. : . | ;

:lh.e. principa.l adva.n,iage of ihe d-i scharge equation appr-"oach 'to gstimating ,nai-ural veniilation
is i'hat, provi¡ed, apprqpriaie pressure ancl discharge coeffitienï, data are avai loble, estimates of

. airÍ low..can be- calc.u, lete¿ in <1-es,i gn of f ices wiihout- recouràe to special wind tunnel lests.

A disadvaniage of the d.i scharge, e-quation approach is tha.t locai mean veltcities- can only be
estimated al poinis *h"." lhe flo*-pu.i". ihrough opehings. This limitation can oe èignificant
when the purpose of the venii lation estimate is assessment of thermal comfort of occup.ants in ar-
eas away .f rom ope.nings that, môy not be in the main êirstream. I -

.-' I ."an wi.nd spee.d. coef f icienl'jpproach to .gsiiruiing.naiuräl ventilation i-nside büildings.
permits a more detai led study of indoor airflow6, provided that model scaleò perm.ii accurate mod-
el ing of openings and indoor space and appropriale placement of an anemometer probe. Whi le this
advantage is altractive to people seeking data for indoor comfort estimates, the method does re-
quire boundary layer wind tunnel tests to be performed. .

CONCLUS I ONS

There i s now a broad consensus on
tain rel iable mean hourly sur f ace

the boundary layer wi_nd tunne I

pressure and mean hourly locaI
model i nq oaramelers needed lo ob-
wi nd Ve I oc i ty data.

Some model ing parameters relale to the boundary layer airflow in. lhe t'unnel

5

are
These parameters



vertical pr-ofile of mean longitudinal velocity,- : :.
veriical profile of turbulence inlensity, and . , ,. .,

power sPectra I dens i lY.
Other pêrameters relate to the model of the bui lding bei¡g.studied an(, its surroundings.,, , ln"="
paramèlers a¡e:

wind tunnel blockage,
model length scale, ,r . '.'aOitity to reproduce small architectural details,
model ing of inrmediate surroundings,
Reynolds number considerations, : .,: t. : a.

t ime sca I i ng for measuiements.
provided these param"iers, are care.fu.l ly consiç9 ld,, boundary layer wind tunnel .studies offer. a

reliable source of surf acb pressure distrib\rtio i on build.i ngs and local mean.wind sPe'eds', which,
î f ref erenced f o t"ã. i iã"glterm üvind rJcoresi r.r: be le"presãeo in probãb i l is:i ic 'f orm': '

pressures related to flow lhrgugh openings in bui ldings diÍfer from the surface'pressures on

sol ià models wi thout openings. , On some mòde'ls-o-f 'hoùses' tested, this di fference varied wi th the

size of openings relative. to wal I areas and between houses. on the ground and l¡ose raised som.e 2.3
melers above the._ground. . .. ;.

. Where estimales of natural venlil.ation j'hrough..houses using a djscharge equaf ion lrse Pressure
'dif fèrences r"u.ro.b f rom solid modè.| s, airf low iates ,th¡ough houses Tày Þ" .undèresti'mated by uP

lo 3O7o. Âs studieb of this type have been ì imited to dale,- tfrere is a ¡eed ,.f or f urther- . research
in ihis area

Diècharge coeffìcients for.wal l.openings in series need further stuày, particul.aily' in lhe

of largã wall openiágs and. low'intèrnal'-f tów r-es-i btence.'Estimatioil of .digchargelcoef f ici-
for high resistance airf low paths through çracks and small.,openinSF,is legs.cri.tical ,F.,...u."
Oiscnaige "oäff¡cÌent 

of O.ö5 for al I openings givesestimales of airf low sufficiently aôCur-
or most purposes. Estimates of airflow lhrough openings Ìn buÍlOings-using jdisbherþe equat-
wi I I continue io improve as more boundary.layer-wind tunnel test- dala on surface pressufe
ibutiön are oubl ished.

ents
of a

ate f
i ons
õ Ìstr

Use of mean wind speed coefficients for estimating airflow inside bui ldings is I imited for
design office use at presenl due lo lack of publ ished data. this method provides a direçi. t.eçh-
nique for assessing indoor airflow where boundary layer wind iunnel tacililies are avai'lable end
model scales are large enough to permit detai led model ing of openings and internal sPaces..,a¡d
placement of anemometer probes. Mean wind gpeed coefficientq can be obteinel fqr 

1s'.ide
a model where'an anemometer probe can be placed using. this technique. Tþis is an d,van-
"tage wheh airflow data are being used tó assess summer thermàl cómfort of bui.lding loc-
ated away irom openings in eddy zones.
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Fx ?rnp19
õËTã7ñîne thË exteht lô.which nai-ural ventilation is likely to máint¿.in comfort
of an'isolated'house raised 2,3 m àbove ground in Ïownsvi I ìe at 3 ?.n. tluring j
d i schargé équat i on.

Cl imalíc Daia
m. 86 percenti le average maximum dry-bulb iemperature for January = 32.9ûC
m. average re I at i ve humi di ty : 627o

Ass'uriling adequate insulation is provìded in the buitOing-eRVelope and win¡lows and walls eie sha¿ec
to control radialion, the minimum indoor airÊlow needed to restore thermal comforl' for the above
temperature and humidity from Figure 1 is 0.83 m/s.

t Wind speed frequency and direclions for Townèvil le at 3 p.q. during January are indicated
le l. I I would be rea.sonable to expect these data to be represenlative of most Ïownsùi I Ie
urbs, as ihere ìs no.significant change in lerrain over most of the suburban ar-ôa,

Bui loing Dala
0rienlation of rectangular plan, isolated high-sei' house (Type 3, fable 2l is with its long walls
f'aci.ng norih and souih. The living room ís at lhe eastern end of the house with a sliding door
on its nor:lh wall with ê c-l ear areã -o( ) n2' and lwo sliding wíndows on its south wall eacñ *itr, u
clear area of 0.5 m2. Openíngs in I iving room wal ls:

3p
5p

in lhe tiùingroom
anuary us i ng the

i n Tab-
sub-

.^ Open i Dimensions Clear ¿irea of open r ngs

Sl iding boor north-facing wat I

Two sl iding windows south-facing wal I

2.O n2

1.0 m2

L2.o n2on'of I iving

2mx!m
l-mx0.5meach
lmx4mCross seôt i

?



lllethod
E-¡rin-Os : Wind incidence
Pressure coefficients at I

p.197 ) :

, Wîndward +O.33
Leeward -0.38

Free area of windward opêning
Correction factor Íor 45 degrees
Corrected free area
Discharge coefficient from Table
sP ace
Free area of leeward openings
Discharoe coefficienl for leeward cpenings

D i scharge q mr /s to ach i eve lherma I

ive area of I'he open ing A1 CosO and

used 45 degrees.
ocations near openings at midheight of walls from Aynsley et è..1 'ri 11L9,77,

3

' =2rî2 ,

i nc i dence = cos i ne 45 degrees = 0. 707
= 2 x O.7o1 mz = L.4 m2

for windward'ôpening.wi th' two' ëdges commoh. wi th- the downfuind
= A.75
= L m2 ' I .i j' ì , :

from TabIe 5 wifh an;Aor'Al ratio'of 0.08' .i
t : 0.,63

comfort at the windward opening is the producf of the effect-
the minimum wind speed f or lhermal comf oit Q:,8J'm./sir t¡'pi! i s:

the

: =åtl"åî;8ïxo.a¡ : ,','t'
= l.17 mjls

Equation 2 can be rearranged to solve for the wind speed 10 m above ground nèeded to achieve
above discharge rate and corresponding minimurn,ind-oor wind speed for thermal cömfort:

A1 Coso U1

10 { Cp1:- Cp2 ) 'ú

t,t]
,Lo.:lo -'(- o.le)l

:l 1
+

2 2 2 2o.75 x 1.4 o.63 x1

= 2.63 n/s
Discharge Q to achieve thermalicomforf at Ihe leewêrd c5penings,is
area of the openÍng and the minimum local wind 

,speeÕ, 
needed.for th

the 'Êiroduct -o'i the ef f ect ive
ermal comfort,

Solving for the 10 m wind speed

2u2
=- 1x 0.38.-

O.8i m/s

to ach ieve l'h is d isc.harge rate as bef cre.:

a

ll-10
0.81

1+
o.752 x -1.q2 )

O:'6J - 2xi

1.87 n/ s
Clearly f or w.i nds f rom the noriheast, the governing 10 m wÍnd sþeeo reQL'iremen I is 2..63 î,/s f or
the windwar'd opening, wh.i ch 'Éalls within the l.6 --- l.O rTls 10 m wi'nd's'iieed inïerval-'on T¡Ë'-wind
frequency Table l.

Summing the percentage occurrence of higher wind speed intervals 1.0 - 5.0 m/s of 14.3% and 5,O-
8.0 m/s of 12.370 Íor the northeast direct ion gives a total of 26..67o of lime.

When all wind directions are considered (Table A1 ) comforl is likely 1'o be achieved near bo.th
windwärd and leeward openings for the 86 percenti le dry-bulb temperature ol 550C and relative
humidi ly of 627o for approximaiely 50% of lhe time at 5 p.m. during the monlh of January.

8



APPEND I X 8

,' EXamp I.e
Determine, using the mean wínd speed coefficient lechnique, the I ikel ihood of mainlaining comfort
by natural airflow in the I iving area of a single-story residence with extended eaves and end
wal ls (Figure 5) in Ïownsvi I le at 3 p.m. during January. Note thai wal ls and cei l,ings are insul-
ated or shaded to el iminate significant radiant heat gain to occupants..

CI imatic Data
J p.m.; 86 percent.i I e oa i 1 y max.imum dry:-.bul b_n:Tp:[:lrn"

- )2.> v
3 p.m., monthly average relative humidity :62%
Airflow needed'to resfore comfort from Figure 1

:, O:83 m/s
: ' -i ,

Mean,W,i nd Speed Coef f icients

Wind
Direction

for January

Method: Using mean wind speed coefficient Cu of O,72 for the I iving room indicaied in Figure 3

for wind from the north, the wind speed, rêquired at the reference heighi of 10 metres to ensure
thermal comfort in the I iving room, can be cafculated by substituling 0.83 m/s for the locat in-
door wind speed Ù1:
f rom Equat ion 5 

ü. { f oi comf ort )' = +9:

By summing the rrequency of occurrence or a i.-i;:t.llior to metres above the ground, rrom Tabre
l, which exceed L.I5 n/s for wind5'f rcjin tiÍe nórth, an esïimate of the percentage of time winds
from the north would meet thermal comfort criteria in the I iving room, at 5 p,m. during January
in Townsville is obtained. ., .

From Iable L Percentage occurrences of norlheriy winds tor al I wind speed intervals exceeding 1.15
¡\/s are 3.9% for 1.5 to 3,O n/s, 8.4% for 5;0 fo'5.0 m/s, 2.6% Íor 5.0 to 8.0 m/s and 0,6% for
8.O to 11-.0 m/s, giving a tolal of L5.5%.of lime when northerly winds will restore comforl. This
Process is repeated (Table 81) fôr each winô Oireition uàti I a total percentage is obtained of
t ime during which comforl is I ikely io be maiôJained.

TABLE 1

Fercentage Dist,ribution of lO m,Winds at 3 p,m., Townsville, January

Wind Speed lnlervals Average Monthly
n/s Tolal 7o Occurrence

0.5-1.5 1,.5-3.O 3.O-5.0 5.O-8.0 8.0-r1.0

0.6
8.4

32.5
20.I
o7
3.e
2.6
0.6
t.3
<ô

L6'.2

1.9
12

a')
t2.3

1A

RÔ

1.9
:

o. 6-

2.6

12
L;9

\+.3
TL.1

.. ).¿
. o.6

9

)^
ÁÈ
0.6
0.6

o.6
o-u

CALMS

NNE

NE

ENE

E

ESE

SE

SW

NW

NNW

N

o.6

L.3
1.9
8.4 0..60.6

L.3
1..9

n



DescripiÌon of Bui lding OPening

.TABLE. 
3

Typical Range of Discharge
Coefficients for
Normal lnpidence

Jet Characteristics

Typical Discharge Coef f icients for Single lnlel or lntgrmediate.Openings..
,and'Leeward Outl'ei Openings În Brildings.i ,.j .

Smal I openíngs in
lÃan LQTI of wall
of wal I

thin wal ls less
area near center o.50 - 0.65

0.70,- o.8o

0.80 - o.90

Sàall lneill ia due to small
mass of air in jet

l

I

Signif icanl inertiè..Juu i:.-

increased mass of air
in jet

Wal I effec i re¿uces energy
'ì osses oh bne s i de of jet

Wal I effect around the
per imeter of the jet s i g-
niticantly reduces

Openings IO-2O70 of wal I area near;
the center of wal l'wilh downwind
space ,:

Open ings IO-2O% of wa I I wi th:: one
edge common with downwind sPäce
such as doorway;

openings simi lar ih sízã to ffre
cross-sect ion of the downùvi nd
sp ace

U/Uo.65
:

tuf:bu lent ener I osses

Ao/Ai (a rcix . i' cd

0.0
o.2
o.4
0.6
0.8
1.0

0.p5 Ao :=;Free cross-sqct'i ona I area of upstream f low
Ai '= Fre,e area of out I el' open r ng
Cd = Discharge çaef f icignt''of opening

' 0.64
o.67
0. 71

;. 0.81
1-: 00

Tota I Perce¡lage. of Iime Thêrma I

A1

r-itì
Com'fort is likely Considering Wi¡ds from all Ðirections

T LEA8
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6
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)
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7
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0
0
0
0
0
0
0
0
0

qal

t.o
--l).4

14.0
5.O

11 .0
5.0
5.O
t.0

.o)

.63

.o)

.70

.70

.70

.63

.63

.63

o.75
o.75
o'.75
0.64
0.64
0. 64
o.75
o.15
o.75

î
L
i
1

I
1

I
I
I

I
4,,
11

r.4
1.8
2.O

1

1

ó

2
)
2
2

2

2

2

2

2

_ô ¡e
o7ö

' 0.56
0. l0
o.1a

-0,07
-0. 38
-0.16
0.0
0. 16
o.55

0. 14
0. lo
0.0
0. 16

-0.07
-o.t2

22
45
o/
67
45
45
45
22

0

NNE

NE

ENE

ESE

5E
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NNW
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0. l8
0. 71
0. 71

0.6
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,o

lotal % 49.8%



of
Wind Pressure Difference Characieristics at Midheight^of Wal lg on Six Types
lsolated Sol id Models at Wind lncídences of Normal 3Oe and 45u lo the Long Wal ls

TABLE 2

Model Features

Note:Posltton on

Long Walls;

C=Center

BE=Boch Ends

I{E=Wlndward End

LE=Leeward End

o
c.
Êr

c)

o
t

(!

ò0

I

!
c)
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CJ

!

H

J
.(!

q3
q
.r òO
UL
crl
l¡

ool
q: q)

o3lru
Àq)

Êq
0J.
è0u
Gq
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t!oo,¿ o¿a o.t
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þrÉô0
ø6JÉ
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OJ 3J
lru
êrcJCÉo
auul
Eq !
x o.¡(!00
>()o.

qJ
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l¡
3É@
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o 3JÞu

cqo
E.Ju6
Eq !

.¡q Étr o.r.¡OO

I 00
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,.o4)
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0.10'LE
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TABLE 81

Time Thêrmål Comfort Crileria are Likely io be Maintained
by Wi-nd_from all Directi.ons

Wi nd
Direction

Velocity 10 m Wind Speed
Needed to Give

Cumu I at i ve Percen tage of
Time Wind Speeôs Exceed Speed
Needed for fhermal Comforl

Coeffici
_tFrom F I

ents
O.83 n/s ndoors "

.8

.z

.1
gib e

o

t5
'3r

:.2O
negl i-: 

3':..

L.5
a.92

0.72
0.90
o.95
0.85't'i 

g iOrt e

o.F5
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0.90
0.72
0.70
o..52''
ligible

e9

neg

n

N

NNE
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ENE

E

ESE

SE

SSE
c

SSW
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W

WNW
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;. -'' -.0-.e8
0. s7
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negl igible

0.6
negl igible

3
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