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Estimating Comfort Cooling from Natural Wind
inside Buildings Using Boundary-Layer

R.M: Aynskey; Ph.D. oo
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ABSTRACT

TWO‘TEGhanu&S for esfimating natural wind airfiow through buildings for comfort cedling utiliz-
|ng data derived from boundary layer wind funngl studies are. presénted. One méthod is Based on
preqyure and discgharge coefficients. The ofher uses wind: speed- coefficients determined frofm mod—

e} ?rud:e= in:a, boundary layer wind tunnel .
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Man has utillzed breezes to. improve. {rdoor summet comforf in warm humid climates since_anriquffy.
Theprles o enaple the: quantitatdive preductlon of such afrflow begap and improved with developm~
ents, in the discipline of fluid mechanics: ‘A paper was: prasenfed by Shaw (1907) on the Laws of
Ven$1lar|on at Cambridge University, in 1907.. Mugh.later in 1951, a study (Smlth 1951) wasimade of
a;ritew.through dchoo c|a§sroom window open|ngs in models in a simple wind fupnel, which-sugges=.
red fhe,use of wlnd speed coefficients. referenced fo oufdoer wind speed, for esr|mar|ng veﬁfllar—
ron. Thi's work‘was. ddne. at Texas Engineering Experumenr Station., Similar work wWas carriédd. ‘out
sooh afrer in, Adsfﬁal|a and South- Africa (Weston 1954;. Weston- 1956; : Wannenburg and, Van Straaten

19571 1f is. now ﬂlear that the wind tunrel. mode | ing’ rachnlques used for early studiesimust have
Qauseg significantierrors. in.the data- obra|ned.‘ G|ven the rapid development of poundary, layer
wind' tunpe!l téchniques Jensen and Frangk 1965), it s now time fo- reassess wind funnels as tools

r&fa§§;§r n rhe estimation of, natural venfllarion . dues te wind.

Cmrreor englneerlng rc{erence sources éuch'as'ASHRAE Handbgok -— 1981 fundamgntals ang
| HVE: Handbook cuggesr equatﬁons such as: thar; below. for “estimating natural venrilar:on

ERET

ey Ny by YR Colmesigtyy T Y
- Q-isythe.airflow, (m lsl
"E is-The: eff|c|enr3ﬂof an; opennng, ranglng frem 0.25 to O 60
(ner A s thE. frdeidrea.ofian dpening (mf) ¢

and \ IS the mean-exfernal wind: »speed (m/ s+

; (presumdbly at-window helgh# dbgve. ground)
The appeaklng.JsTpJIc:ry ofi Equation-1 avoids the compiex issues of gusting flow:.rhrough a, vari--
ety of opepings, ifia sgries dnd.the.lack. of -data og' local mean external wind speeds-close fo fhe
ground lexed, ‘Other - formu | ae |nclude Wind ‘pressdre differences across openings:together- withs
dlarharg@.coefﬁucnentﬁ.' While:some: drscharge coefficients=are available. from ducted flow. stud=
|c§, thege: relafe ta'knowﬁ'p?essure dffferences 'and: steady flow and are-nof applicable to natur—
al alrflow fhrough ]ngE GPQQIngs'ln bunIdrﬁqs. Wlnd tunne. sfud|e; (Aynsley 1979) have prOVId—‘
ed I.mwle f ata of: rha type requlred maﬁy moee: dre ‘needed. ;

W

|ayLF wxnd tUnnels can b@uused for de}ermlné'
Pwobabllxsflc data on. local - mean hourly wtnd‘spe@ds ‘and dlrecflons at a site. relaflve
fQ Ioﬁq rerm/W|nd dara From a. nearby mefeorologt'wl recordlng site (Aynsley er ah 1977L
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2. influence of nearby obstructions, topographic Feafures, or vegefaflon on |oca| Wlnd‘
speeds (Holmes et al. 1979; White 1954). SRl :

3. Influence of architectural features such as extended eaves, sun-— screen deV|ces,'or:wa|I
projections on surface pressure distribution around a building (Aynsley 1977). '
4. Influences of size, proportion, and location of openings |n a bu||dlng on alrflow pat—

tern and pressure disfribution (Aynsley 1979)

Currenf boundary Iayer wind tunnel fechnlques have been shown to be sufF|CIenf|y accurate’
for ventilation design purposes by full-scalé correlation sfudles and are conflnually being re-
fined (Vickery 1981). Some wind funnel fechn|ques for defermlnlng |nfluences of Vegefarwon ‘on
loca!l winds (White 1954) need further correlation of model and full—scale sfudles to defermlne
their order of accuracy.

This paper descr|bes

1. Boundary layer wind tunnel modellng paramerers that currently need consideration to en-
sure reliable dafta from tesfts.
2. Two methods of using probabilistic wind data to estimate alrflow thriough DU|IdJngs for

summer thermal comfort of occupants.” One mefhod uses pressure dlfference / d|scharge
coefficients, tHe other, wind speed coeff|C|enfs.

WIND TUNNEL MODEL ING PARAMETERS FOR VENTILATION STUDIES

These parameters’ can be d|V|ded lnro “those relafed to the boundary Iayer airflow and thosé rela—
ted to the model bulldlng and its' |mmed|are surroundings, “Boundary ‘layer modeling involves " the
generation of airflow around the building model fthat reproduces ‘at the approprlare scale ‘the fol-
lowing characteristics: i § ¢
-— mean vertical prbfile of longitudinal velocity,
- verriéal profile of 10ngfrua|nal ve!oc:fy,,vr
--  power soecrral density, i
of the Ful!—scale wind for a parrncu!ar a|recr|0n at a site (Aynsley et al. 1977,

)
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Mode!ing Paramefers for Buildings and their Immediate Surroundlngs
These paramefers can be grouped info six cafegories (Aynsley et al. L1977
- wind tunnel .blockage, e
- length scale, .
- ability to reproduce small archxrecfural defa|ls,\
- model ing surrounding environment, ’
-~ Reynolds number -influences, and Taoem ]
- time scaling for measuremenfts.
For a variety of reasons, including the characteristic flme—scale distribution of wind energy,
mean hourly velocities, and pressures are the common standard for infiltration and ventilation
studies in wind tunnetls (Vickery 1981).

SR

SUMMER THERMAL COMFORT AND NATURAL AR MOVEMENT

Advances in boundary layer wind tunnel -techniques now permit estimates of the probability of nat-
ural airffow through buildings capable of restoring thermal comfort of oceupants in warm environ-
ments: To make such estimates, probabilistic-data is required -on:climatic -parameters: such - as
dry -bulb temperature, or mean radiant femperature, wet-bufb temperature or retative humidity,-and
local wind speeds and directiaons. : - T o

- Two simple thermal comfort charts that relate the -above:variables are Effective .Temperature
and one by the writer based on Macfar:lane's Thermal .Gomfort Zones .(Macfarliane 1958) -(Figure 1},
Boundary layer wind ftunnels provide a means .of correlating tong=term wind records:from:permanent
meteorological stations, (Table 1) with local wind conditions at a building site. . - - B

v 2

ESTIMATING VENTILATION WITH PRESSURE’DIFFERENCES AND DISCHARGE COEFFICIENTS P

. Ed t it Z

Dlscharge coeff|c1enfs fyple t he emp|r|cal nature of many branches of FIU|d ‘mechanics. Whére.
complexity of flow eludes complete theoretical analysis, empirical methods are used. Empirical
methods use coefficients derﬁved From experimenfs fo ‘provide a means oﬁ design;

1
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D|scharge coeff|c1enfs of openungs only reraln their speC|F|c emplr|c validity as: 1ohg-
they are used with their associated pressure difference. Quantifying discharge through wrndow



openings with a complex fturbulent incident flow poses numerous problems. First, therz is an al-
most endless variefy cf geomefry and exposure conditions. For openings that happen to be in a
windward orientation, fthe external dynamic préssure is a vector quantity with rapidly varying in-
tensity and direction.

Unlike laminar flow in pipes, with natural airflow through buildings there is no convenient-—
ly defined reference for pressure differences across orifices. Negative pressures are generally
even around leeward openlngs. Positive pressures around windward openings are influenced by loc-
al flow conditions and vary significantly around windward openings. On residential scale build-
-ings, pressures are greater near the ftop of windward walls, but stagnaf|on pressures beside fthe
midheight of. windward windows were found to be. a good approximation of mean fofal pressures on
windward openings (Aynsley 1977). '

Typical average pressure difference coefficients across buildings at midheight of walls on
six types of solid model houses are provided in Table 2 (Aynsley 1977).

Openlngs inSeries

Flow through buildings generally occurs fhrough at least two openings, inlet and outlet, in
series or via branching paths where multiple inlets and/or ouflets are present. In addition,
where airflow resistance through a building is high, flow can branch at inlet openings wifh a
major portion of incident airflow flowing around the building.

Considering the simplest case of flow between windward and leeward openings in series-with-
out internal branching, if can be, shown from an energy equation for fthe flow that the .effective
pressure dlfference is between .the total pressure at the windward opening.and the, srarlc pressure
at the leeward opening (Aynsley 1977).

As there are rarely detailed data on infternal. pressures in buildings, it is desirable fohave
discharge coefficients for combinations of openings in series relafted to the effecflve windward/
leeward pressure difference. The combinations and permuraflons of such openings in, series are
almost unlimited. One approximate formuia for discharge fhrough openings in series, which makes
use of typical discharge coefficients for individual openings without specific reference to the
pressure differences across each opening, is (Aynsiey 1977):

- 2
(Cpl - Cpn+]_) UZ.
Q= (2)
Cd1 A1 Cdo As Cdn Ap

where
Ay is the square of the free area of opefiing number n (m?
Cd, is the square of the discharge coefficient for openlng number n

U ® is the square of the mean reference free exrernal wind speed (m/s) af a height z,
usually 10 m above ground - '
Q is fthe discharge (m’/s)
Cp1 is the coefficient of total pressure at-the windward opening
: © CPp+1 IS the coefficient of total pressuyre at the leeward opening..
This equation covers most Simple cross=veritilation:situafions such as houses and classrooms. An
example of the application of this equation is provided in. Appendix A.

For more complex flow conditions where internal branching of the flow occurs, the solution
js more complex, ifvelving the iterative solution of isimultaneous: equatians with numerous coeffi-
ci‘ents, and is best done by computér. An éxample of such a calculation Forlnf|lrraf|on ina h|gh—
rise office building is:described by Vickery (1981). ;

Sources of Discharge Coefficients

‘Where internal airflow in buildings is forced to change direction frequently because of rel-
ative location of openlngs, resistarnce to flow increases and the use of a’ ‘discharge coefficient
of 0.65 for all openlngs was found to give an estimate of Flow 2% greafer than measured (Aynsley
1977) TR % P ! . : : :

tn flow conditions with few changes in direction buf largevariations in opening sizds, use
of a common 0.65 discharge «coefficient for all internal openings and measured ftotal fo. static
.pressure, difference resulfed in underestimatiion of measured flow by -16% to —29%, the dverage be~
ing =23.5% : : ‘ :



In flow conditions with Iittle resistance, such as a single cross—ventilated room with wind-
ward and leéward open jouvered walls, the use of a discharge coefficient of 0:-65 underestimatead
flow by =35% using the measured fofal ro sfaflc pressure leFerence (Aynsley 1977). - o

[ % . el ¢ WL - ¢
In free flow conditions the discharge coeff|c1enfs in Table 3 were found to be appropriate.
Inclined incidence of airflow away from normal to windward openings reduced fleow:rate into such
openings in proportion fo the cosine of the angie of “incidence up to 60 degrees. -Above 60 deg-
rees incidence, no clear relationship could be defecfed buf generally fiow rate continued fto de-

crease. N

Pressure Differences '

The pressure difference part’Of Equation 2 ¢ referedced fo thermean hourly dynamic:pressure
reference at a height 10 m above ground. This can be correlated with similar fong term’' records
at the closesft mefeorolog|cal recordung station fto génerate local probabilistic data. rWindward
tofal pressure data at openings are not ‘hormal |y ‘avaiiable, and fhe' pressures normal fo' the. bui l=
ding surface at the location of the openlng, measured off a solid model, are usually used.

Typical varlaflons befween solid model windward/!éeward surface pressure differences: :and
windward total pressures/leeward stafic pressures measured at normal incidente fto.long ‘walls: on
wind tunnel models of houses over a range of openlng sizes are indicated in Figure 2. As "~ flow
‘rates are proportlonal to the square root of pressure.differences, fhe dse of solid model surface
pressure data does nof normally resulf in gross errors when openings are less fthan-5% or greater
than 40% of wall area. Largest increases over solid models in pressure differences across houses
occur near the ends of long windward walls (Figure 2) when openings are about 15% of wall area
(Aynsley 1977). Use of solid model pressure differences under fhese conditions resulfs inunder-
estimation. of airflow rate by 30%. Care should be faken in selection of pressure dlsfrxbur|on
dafa to ensure fhat rhe wnnd runnel srudy followed accepfable modellng pracflce. '

Most institutions with large boundary layer wind funnel Fac1||f|es have- such data for: aswide
variety of building fypes, but it is usually on magnefic tape and requires data processing I to
yield the information in a convenient format. Offen such pressure distribuftion data collected
for wind loading purposes is taken from 5|ng|e isolated building models: There'fis much less sur-
face pressure distribution data available on buildings surrounded by other buildings. In the case
of tall office. bunldnngs, design consulting budgefs often include boundary dayer wind: tunnet stu-
dies for wind loadings or environmental wind &ffects. These can be exfended fto collect surface
pressure distribution data at littie cost. Such a study and its correlation- wnfh fuli—scale ob-~
servations js described by Dalgliesh, Templin, and Cooper (1980).

- e oF E g T N 2 . 2 [ i

ESTIMATING VENTILATION USING MEAN WIND SPEED COEFFICIENTS : Tan =z

Given the availability of boundary fayer wind tunnel facilifies and funds for mode| studies,there
_is a more direct ftechnique of esrlmarlng airflow inside bU|Idlngs Fhan dlscharge equations. Where
_|nrernal spaces and bulldlng openlngs ¢an be modeled accurafely, internal alrFIow-can be’ measured
directly and related fo probab|1|sflc exfernal wind: dara. This call's for model scales of-at Ieas.
1:150 or biggér and small omAaidirectional®anemémeters.” For comfort purposes, flow direction ‘is
less important than air movemenf per se. While dlrecflonal anemomefer probes are used they neea
to be rotated during the test Fo align fhem W|fh rhe d|recf|on of air movemenf : ’
Mean Wind Speed Coefficients E

Wind speed coefficients, C,, are the fatio of the meéan wind speed Uy, ata Ed}ﬁr of “inter-
est indoors, usually one metre above floor level, to fhe mean hourly W|nd speed, UZ, at a speci=-
fied reference height, z (usually 10 m), upsfream from fhe buildlng in rhe aurflow undlslurbed by
the building so that: — e 5

& E P ¢ e R -
B [ ; 1 g Wy . - . -

-

: g - e - ; : - ) |
c, = il g PR - 3 (3)
Yz
where
C, = mean wind speed coefficient -
Ul' éymean |ndoor wind. speed at a point 1 m above Floor level®
Uz = mean exfornal reference wind speed af a height z above ground

(z is usually 10 m)
Some mean wind speed coefficients defermlned from a simple cross—venr|lafed model for wind.spegeds
1 m above floor level and related to 10 m reference wind speed are indicated in Figure 3.



AL

“A similar technique, described by Vickery and Apperley (1973} for predicting the probable
frequency of 'strong wind gusts near ground level in urban terrain.was found, from full-scale cor-
relation, to have an accuracy in the order of plus or minus 10%. With careful modeling, similar
accuracy should be possible in estimates of indoor wind speeds.

The wind speed coefficient approach is ideally suifted fo steady airflow through and around
bui ldings of ‘complex or Unusual shape. A discharge coefficient approach for such a buildingwould
Fequire a detailed wind tunnel -study of wind pressure distributions at many locations over fhe
mode| surfaces. It is much simpler to measure wind speed coefficients directly.

The principal advantage of the wind speed coefficient approach is that mean wind speed esti-
mates can be obtained for any position at which a small anemometer can be located. A disadvant-
age is that larger,:more detailed models are necessary than are.necessary for wind pressure dis-
tribution studies. :Components that deflect the alrsfream such as louvers or tilting sashes, need
to.be modeled with .exftreme care due to fheir significant influence on indoor airflow patterns.

The simplicity of the velocity coefficient method for estimating air velocities in buildings
is. appealing; however, the ftime and expense involved jn wind ftunnel studies to defermine wind
speed coefficientsrestricts its application to many low budger buildings. Mosf sftudies on low-
cost buildings have been-made in.research programs at government research stations and at univer-
sities. An example calculation.estimating thermal comforf using wind §peed coeFF|C|ents us pro-
vided in Appendix B

D ISCUSS 10N

Boundary Iayer wind funnels offer a means of obra|n|ng accurafe mean hour|y pFObabI|ISfIC wind
pressure data on building surfaces for use in estimating airfiow through buildings from diséharge

. type equations. The influence of local fterrain and nearby buildings can be accounted For by in=

corporating such features in the wind tunpel modes.

Given reliable pressure data, errors in esfimafes of natural ventjlation when using pressure

. difference/discharge coefficients equations are most |ikely to arise from poor $election of dis-

charge coefficients. Such errors tend to result in underestimates of ventilation where large op-

senings: and low flow resistance occur and previde a margin;of safery ‘when summer fhermal .comfort

.or air_ change rates are being considered (Aynsley 1977). .More boundary layer wing’ funnal resflng

- the day, typically 9:a.m. and 3 p.m. .

to provide discharge coefficients for large openings in series would reduce this source of error.
Where the purpose of the ventilation estimate is related to heat loss in winfter, flow is through
smal ler cracks and openings and use of a discharge coefficient of 0.65 generally results 1in a

sltight overestimate of ventilation (Aynsley 1977). Lack of simultaneous data on.all facfors in-
fluencing thermal comfort of building occupants often [imits such estimates to specific hours' of

<

The. principal advantage of the d|scharge equatjon approach to esflmaflng narural ventilation
is that, provided approprlare pressure and dlscharge coefficient data are avallable “estimates of

. airflow can be calculafted in design offices without. recourse to speC|al wind funnel tests.

A dtsadvanrage of rhe dlscharge equaflon approach is that local mean veIQC|f|es can onIy be
estimated at points where the flow passes through openings. This limitation can be sugnlflcanf
when the purpose of fthe ventilation estimate is assessment of thermal comfort of occupants in ar-
eas away from openings rthat may nof be in the main airstream. - B & o7 £ .

5 A mean W|nd speed coeffICIenf approach to esflmaflng natural ventilation inside DU|ldlngs
permits a more detailed study of indoor airflows, provided that model scales permcf accurate mod-
eling of openings and indoor space and appropriafte placement of an anemometer probe. While this
advantage is attractive to people seeking data for indoor comfort estimates, the method does re-—
quire boundary layer wind tunnel tests to be performed.

CONCLUS | ONS

There is now a broad consensus,on the boundary Iayer wind funnel modellng paramefers needed to ob-
tain reliable mean hourly surface pressure and mean hour!y local wind veIOC|ry data.

Some modeling paramefers relate to the boundary layer airflow in the tunnel!. These parameters
are: E = o N ’ - = ’ . :

P



—— verfical profile of mean longitudinal velocity,

- vertical profile of turbulence intensity, and

-— power spectral density.
Other parameters relafte to fthe model of the building being sfudled and its surroundlngs.tH These
parameters are: . . e A =

- wind tunnel b1ockage, i g S RO S e

-—- model length scale, ] )

~— ability to reproduce small architectural defalls, : ‘ ‘

-~ modeling of immediate surroundings,

—_— Reynolds number considerations, o . o

—— time scaling for measurements. SR T
Provided these parametfers are carefully considered, boundary layer wind tunnel. studies offer a
reliable source of surface pressure dlsfrlburlons on bU||d|ngs and. local mean wjnd speeds, which,
if referenced to locai long—term wind records, can- be expressed in- probab|lcsf|c form.

Pressures related to Flow fhrough openlngs in bu||d|ngs differ from the surface’ pressures on
solid models without openings.: On some model s -of -houses tested, This difference varied with the
size of openings relative to wall areas and befween houses on the ground and fhose raisedsome 2.3
meters above the ground ' ) N - ity won

Where estimates of nafural ventilation through houses using a djscharge equation use pressure
di fferences measured from solid models, airflow rates through houses may be underestimated by up
to 30%. As studies of fhis type have been limited to date, _there is a need For furrher _research
in this area. ' e

Dlscharge coeff|cxents for wall openlngs in serles need further sfudy, parflcularly " in’ the
case of large wall openings and- low’ intérnal -fléw resistance.  Estimation of d|scharge ~coeffici-
‘ents for high resistance airflow paths fhrough cracks and small openings,is less.critical as use
of a dischargé coefficient of 0.65 for atl openings g|vesesf|ma?es of alrflow sufflCleany accur-
ate for most purposes. Estimates of airflow through openings in- buildings-using ‘di scharge equat-
jons will continue to improve as more boundary Iayer wind ftunnel test data on surface pressure
dlsfrlbuf|on are publ|shed

Use of mean wind speed coefficients for estimating airflow inside buildings is limited for
design office use at present due fo lack of published data. This method provides a direct, fech-
nique for assessing indoor airflow where boundary flayer wind tunnel Ffacilities are available -and
mode! scales are large enough to permit detailed modeling of openings and infernal spaces. and
. placement of anemometer probes. Mean wind speed coefficients can be gbfained for any pornrlnSIde
2 mode | where an anemomefer probe can be placed using. this technique. This is an |mporranradvan—
tage when airflow data are being used to assess summer thermal comfort. of bulldlng occupants .loc-
ated away from openings in eddy zones.
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APPENDIX A

Example

Determine rhe exfenf to. WhICh natural ventilation i§ likely to maintain comfort in the I|V|ngroom
of an |solafed house raised 2.3 m above ground in TownSV||Ie at 3 p.m, during January u3|ng fhe
dischargé equaflon

Climatic Data
3 p.m. 86 percentile average maximum dry-bulb temperature for January = 32.9°C
3 p.m. average relative humidity = 62%

Assuming adequate insulation is provided in fhe bu?léing-enve!ope and windows and walls are shadec
to control radiation, the minimum indoor airflow needed to restore thermal comfort for the above
temperature and humidity from Figure 1 is 0.83 m/s.
© Wind speed'frequency and directions for Townsville at 3 p.m. during January are indicated in Tab-
le 1. I would be reasonable to expect these data to be répresentative of most Townsville sub-
urbs, as fhere is no significant change in terrain over most of the suburban area.

Building Data :

Orientation of rectangular plan, isolated high-sef house (Type 3, Table 2) is with its long walls

faC|ng north and scuth. The living room |s at rhe eastern end of fhe house with a sliding goor
its north wall: w:fh ‘3 clear area-6f 2'm% and two sliding windows on its South wall each with a

clear area of 0.5 m?. Openings in living room walls:
- Opening Dimensions Clear area of openings
Sliding door nortn-facing wall 2mx1m ' 2.0 m* ‘
Two sliding windows south-facing walt 1 mx 0.5 m each 1.0 m?
Cross section of living room 3 mx 4 m 12.0 m?




Method . :
NE winds : Wind incidence used 45 degrees.
Pressure coefficients at locations near openings at midheight of walls from Aynsley ef ali(1977,

p.197):

:Windward © #0.33

Leeward ~-0.38 5
Free area of windward opening . = 2 m? ; ; c
Correction factor for 45 degrees incidence = cosine 45 degrees = 0.707

Corrected free area 2 x 0.707 m? 1.4 m? )
Discharge coefficient from Table 3 for windward:opening with two &dges common with: the downwind

space =0.75

Free area of leeward openings =1m? : ¢ & ; ¥

Discharge coefficient for leeward openings from Table 3 with an: Ao/Al ratio of 0.08
F=0.63

Discharge Q m’/s to achieve thermal comfort at the windward opening is the product of the effect-
ive area of the opening Al Cos€@ and the minimum wind speed for fhermal comfort 0.83 m/5; that' is:

= A1Cosengl . a R
2 x.0.707 x 0.83
1.17 m*/s ' _ TR T
Equation 2 can be rearranged fto sclve for the wind speed 10 m above ground needed to éqhieyg the
above discharge rate and corresponding minimum-indoor wind speed for thermal comfort: =

_ - Ap Cose U
10" (Cpy = CPo)
” i 1

+

T VR O

- 1.17
0430 =i (= 0.38) ]
: 1 N 1
O.752 X 1.42 0.632 X 12

= 2.63 m/s
Discharge Q to achieve thermal comforf aft the leeward dpenings: is the ‘groducdt-ot the effective
area of fthe opening and the minimum local wind speed needed for thermal comfort,
Q = A,
= 1 x 0.38 -

0.83 m/s

Solving for the 10 m wind speed to achieve this discharge rate as befeore:

0.83
0 [0.30 - (=-0.381]
1 . 1
2 . 2 =
0.757 x 1.4~ 0,637 x 1

cl
I

2

= 1.87 m/s
Clearly for winds from the northeast, the governing 10 m wind ébeed requirement is 2.63 m/s ‘for
the windward opening, which falls'within the 1.6 = 3.0 m/5 10 m wind speed TrAterval on THE “wind
frequency Table 1.

Summing the percentage occurrence of higher wind speed intervals 3.0 - 5.0 m/s of 14.3% and 5.0-
8.0 m/s of 12.3% for the northeast direction gives a total of 26.6% of time.

When all wind directions are considered (Table Al) comfort is likely to be achieved near both
windward and leeward openings for the 86 percentile dry-buib temperature of 33°C and relative
humidity of 62% for approximately 50% of the time at 3 p.m. during the month of January.



APPENDIX B

v Examp l-e : ' .
DereEmine, using the mean wind speed coefficient technique, the likelihood of maintaining comfort
by natural airflow in the living area of a single-story residence with extended eaves and end
walls (Figure 3) in Townsville at 3 p.m. during January. Note that walls and ceil.jngs are insul-
ated or shaded to eliminate significant radiant heat gain to occupants..

Climatic Data
3 p.m., 86 percentile daily maximum dry~bulb temperature for January

= 32.9°C
3 p.m., monthly average relative humidity = 62%
Airflow needed to restore comfort from Figure 1

= 0.83 m/s

Mean: Wind Speed Coefficients

Method: Using mean wind speed coefficient C, of 0.72 for the living room indicated in Figure 3
for wind from the north, the wind speed, required at the reference height of 10 metres to ensure
thermal comfort in the living room, can be calculated by substituting 0.83 m/s for the tocal in-
door wind speed Uy:
from Equation 3

0.83
Cy

= 1.15 m/s
By summing fhe frequency of occurrence of all .wind speeds 10 metres above the ground, from Table
1, which exceed 1.15 m/s for winds from thHe north, an estimate of the percentage of time winds
from the north would meet thermal comfort criteria in the living room, at 3 p.m. during January
in Townsville is obtained. -

Uz'(foF comfort) =

From Table 1 percentage occurrences of northerly winds for all wind speed intervals exceedingl.15
m/s are 3.9% for 1.5 to 3.0 m/s, 8.4% for 3.0 to 5.0 m/s, 2.6% for 5.0 to 8.0 m/s and 0.6% for
8.0 to 11.0 m/s, giving a total of 15.5% of time when northerly winds will restore comfort. This
process is repeated (Table Bl) for each wind direction until a total percentage is obtained of
time during which comfort is likely to be maintained.

TABLE 1
Percentage Distribution of 10 m:Winds at 3 p.m., Townsville, January

Wind Wind Speed Intervals Average Monthly

Direction m/s 3 Total % Occurrence

0.5-1.5 1.5-3.0 3.0-5.0 5.0-8.0 8.0-11.0

CALMS 0.6 _ 0.6
NNE 0.6 2.6 159 3.2 = ‘ 8.4
NE 1.3 . 4.5 14.3 12.3 - 32.5
ENE N 0.6 11.7 7.8 - 20.1
E - 0.6 53,2 3.9 1.9 9.7
ESE - - C 0.6 1.9 1.3 3.9
SE - .-.0.6 1.9 " = 2.6
SW - 0.6 = el - 0.6
NW - - 1.3 - - 1.3
NNW - 1.3 1.9 0.6 = 3.9
N 0.6 3.9 8.4 2.6 - 0.6 16,2




TABLE.

3

Typical Discharge Coefficients for Single Inlet or Intermediate Openings
and Leeward Outlet Openings in Buildings ., = )

Description of Building Opening

Typical Range of Discharge

Jet Character

Coefficients for

istics

Normal Ingcidence
Smal! openings in thin walls less - Small inertia due to small
than 10% of wal! area near center 0.50 - 0.65 mass of air in jet
of wall :
Openings 10-20% of wall area near- ] Significant inertia duw ic
the center of wall 'with downwind - 0.65 = 0.70 increased mass of air
space N in jet
Openings 10-20% of wall withione Wall effect reduces energy
edge common with downwind space 0.70:-- 0.80 losses on bne side of jef
such as doorway:
Openings similar in size to Yhe Wall effect around the
cross—section of the downwind 0.80 - D.90 perimeter of the jet sig-
space nificantly reduces
turbulent energy losses
Ao/Ai (approx.} Cd | .
Where: Ao =-Free cross-sectional area of upstream flow
0.0 0.63 L : ]
J Al = Free area of outlet opening

o Ree Cd = Discharge coefficient “of opening

0.4 0.67 T 7

0.6 0.71

0.8 0.81

1.0 1.00

Total Percentage of Time Thermal Comfort is Iikely Considering Winds from all

TABLE Al

]

Pirections
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[ Q 1 N L i Rl o™, c +~ £ [@JNT)
- < Q- a ~ e N N o - &=l - c O c
= oty 5] @) ' - < < << O © s - O 3R -
NNE 22 0.36 0.0 2 1.8 1 = 0.75 03 5.0 3k 2
NE 45 0.30 -0.38 2 1.4, 4 - 0.75 0.63 3.0 !26.6
ENE 67 0.1 -0.07 2 0.77 1 = '0.75 0.63 5.0 7.8
£SE 67 -0.07 0.14 2 - 1 0.38 0.64 0.70 14.0 =
SE 45 -0.38 0.30 2 - il 0.71 0.64 0.70 5.0 s
SW 45  =0.16 0.0 2 = 1 0.71 0.64 0.70 11.0 -
NW 45 0.0 0.16 2 1.4 il = 0.75 0.63 5.0 =
NNW 22 0.16 -0.07 2 1.8 il = 0.75 0.63 5.0 0.6
N 0 0.55 -0.12 2 2.0 il - 0.75 0.63 3.0 11.6
Total % 49.8%
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TABLE 2

Wind Pressure Difference Characteristics at Midheigh’roof Wails on Six Types
of Isolated Solid Modetls at Wind Incidences of Normal 30" and 45  to the Long Walls

—
Model Features — - = e he
’t_‘u :: = [Ferp—, ]
= - | 534 ol A
o0 =] g a o~ o a -
Note:Position on g ¢ 9 &3 @ &S
= 5 g
Long Walls; © o 26 & 25 &
; $3 | 835 | §33%
C=Center v o vl [V
= g a2 35 | 225
BE=Both Ends = e Q. E . g
il g8 | 2eg | 28
WE=sWindward End @ - b B=I = -
gl 3 $8 585 | E%:
LE=Leeward End = - < © =38 £3a
1 0° | 0.49 | 0.56 C | 0.42 BE
30° | 0.41 | 0.67 WE| 0.10' LE
45° | 0.34 | 0.71 WE|-0.02 LE

Average | 0.41
2 0° | 0.51 | 0.56 ¢+| 0.46 BE

30° | 0.66 | 0.71 WE| 0.58 LE

45° | 0.58 | 0.63C | 0.52 C
Average 0.58
3l 0° | 0.65 | 0.71 ¢ | 0.60 BE
30° | 0.8 | 0.79 WE| 0.33 LE
45° | 0.43 | 0.81 WE| 0.00 LE

Average | 0.55
4 0° | 0.81 | 0.85 BE| 0.77 C
0.67 | 0.75 LE| 0.50 WE
45° | 0.75 | 0.81 LE| 0.73 BE
Average 0.74
5 0° | 0.61 | 0.69 C | 0.52 BE
30° 0.33 | 0.37 ¢ | 0.24 WE
45° | 0.31| 0.42 C | 0.12 LE
Averag.e 0.42
6 0° | 0.51| 0.38 c | 0.44 BE
30° | 0.42 | 0,69 WE| 0.08 LE
"45° | 0.35| 0.71 wE| 0.00 LE
Average ' [0.43

U



TABLE B1

Total Percentage; of Time Thermal Comfort Criteria are Likely to be Maintained
" " by Wind from all Directions

Wind Velocity 10 m Wind Speed i Cumulative Percentage of
Direction Coefficients Needed fo Give Time Wind Speeds Exceed Speed
From Fig.3 ; 0.83 m/s indoors ” Needed for Thermal Comfort
N 0.72- i 1.5 ' : - 15.5
NNE 0.90 ., . 0.92 1 i1 7.8
NE 0.9 - . ©. . 0.87 : 31.2
ENE Q.85 . ) ... 0.98 " ¥20.1
E negligible .« I - A = negligible
ESE 0.85 x T+ .0.98 3.9
SE . 0.85 ~ir 0.87 2.6
SSE 0.90 0.92 negligible
S 0.72 1,15 L
Ssw 0.70 1.19 L
Sw 0.52"" 1.60 0.6
wsw negtigible - negligible
W ‘e . u : _ LW .
WNW L ' - S . 3
NW 0.52 - 1.60 ' 1.3
NNW 0.70 1.19 ' 3.9
ey el 86.9%

\
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Figure 1. Airspeed required to restore thermal comfort in warm humid environments giver dry
bulb temperature and relative humidity
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Figure 2. Influence of openings through building on windward total pressure to leeward
static pressure difference
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