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AsSTRACT

Thg stote of 'the- art on predlctlng alrflors from nafural venll laÍlon ls dlscussed. iho
usefulness -ondi' I lmltotlons ol rlnd-tunnel-derlved bul ldlng pressure coefl lclent data lngrgdlctlng olrflor ore presented. Actuol meosured ful l-scale fleld data ¿rre provlded to showthe effects of otrospherlc turbulence, vlndow type, and lnsoct screenlng on ¿lrflow, Also
presented cre olrflor and olrspeed data frqn cel I lng fans.

I NTROOUCT I ON

as prompfed us to research vonil latlve cool lng
eastern resldences. Other aspocts of our work
ol. 1985, a paranetr lc study of venil lailve
l. 1985, for algorlthms to predlct r¡olsture
revlers the state of the art ol algorlfhms to

, 'so 
presents dat¿ on cel I lng fan porformance.

.ln order.to lntggrote natural ventllatlon wlth mecharrlcal coollng and heatlng systerns,
?i".Ji::r:l ly,..forced.l.nfo deslgnlng bulldlngs rlth a relaflvety smatt wtndor a.ea, sáy, l0íto l5¡,of t!9.f l-oor orga. Otherrlse mechanlcol condltlonlng cori. may becorne excesslve. t{lthsnôll ômounts of vlndor areo, one côn achleve l0 to 40 alr changes pãr hour (ach) ln typlcalU.S. suburblo (Chandra l98l). Althougir thls snount of alrllor mav be sufflclent for buitotngcoollng, 1.e., reJecflng heat frsn the bulldlng, lr ts totally lnadequate io ;.o;i;"sufflclent alrspeedg for human cqnfort.

- ConslderaTp'lcol houseof dlrpnslons50ftxS0 ftxS lt(l5.2mx 9.1 mx2.4m) wlthrlndors on the lorge rolls of the house. lf the enflre house volume partlclpates ln the alrexchange, the olrspeed ln lhe maln port of the roqn vlll be only 15 ltlnln (0.0g n/s) at l0olr'chonges per hour (AOi). Even lf re ossume only 50f of the roorlr volume partlclpates ln theðlr exchônge (due to dead qor'n€rs, furnlfure, eic.) the alrspeed rlll only be <Jouble thePf9"l*t volue. Thls ls pretty close to negllglble alr rptlon for coollng people. For theeffectlye cool lng of people, alrspeeds ln- tÑe rang€ of loo-400 ft/nln (0.5-2 n/s) aredeslrable. Alr clrculotlon: fans (cel I lng fans, oðcl I latlng portable fans, etc. ) must,therefore, be enployed for people cool lng lñ ¿ natúral ly or fan forced ventl lated house.

Our cornputer studles lndlcote'that ventllatlve coollng savlngs are hlghly sensltlve tobulldlng alrt'lw rate, of the lov alr change rates (5 to l0) I lkely to occur ln practlce(Folrey'et al. 1985). Valldated olgorlthms to predlct alrflov frorn natural ventl latlcn are

S. Chondra ls dlvlslon dlrector, P.t{. Falrey, Þllnclpal research sclentlsl,Kerestæloglu, reseorch englneer, and A. Kamel, graduale research asslstant, Research
Developrnent 0lvlslon, Flølda solar Energy center, ðape canaveral, Florlda.
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fhus necessary to predlct energy savlngs and develop deslgn fools. ln addltlon, developrænt
of deslgns to augnent alrflor ln bulldlngs ond lor-cost test mefhods to evaluate lnnovatlve
deslgns are also nscessary. See Chandra (1985) for a summary of research conducfed af FSEC on
fhe lotter toplcs.

Alr tlors through a bulldlng due to rlnd-lnduced tressure dlfferences actlng ôcross th€
lnlefs and ouflets of a bulldlng. The stack effect can also c6uso natural ventllatlon.
However, the stack effecf ls reak, and lt rorks only ln the dayflme when amblent tanperotures
are generally hlgher than the deslred lndoor tanperature and ventllaflon ls not deslred.
Thus, sfack ventl latlon ls not dlscussed further. The wlnd englneerlng and lntl ltrotlon
reseorch ccrrlflìunltfes have generated a lorge data base of bulldlng pr€ssure coefflclent (Cn)
dlstrlbutlons by testlng so'ld bulldlng scale íþdels ln boundory-layer rlnd tunnels (see fbr
exanple, Allen 1984). Nafural ventllatlon researchers (".9,, Aynsley 1977i Ylckery 1985) have
proposed that the alrflor {;rFough naturally venlllated bulldlngs be also calculoted from solld
bulldlng CO data.

Thls paper surunarlzes fhe usefulness ond llmltatlons of C^ data ln predlctlng nalural
ventl latlon. The effect ol wlnd furbulence on alrtlow at l6r wlnd speeds or ln pôorly
ventllated slfuatlons rlll be dlscussed. Full-scale data on alrflorr reductlons due fo uw'rlng
tyPe rlndows and due to lnsect screenlng are a!so presented. Flnally, data trom cell lng fans
wl I I be glven.

ln 1982 ond l98J on lnvestlgatlon was performed on the adequacy of
ventl latlon alrtlows. ïho results are detal led ln a conlrect report
sumnarlzed belon tor wlder dlssemlnatlon of hls lnlerestlng results.

tB, data to predict natural
Vlckery (l9Bl) and are

lle flrst dlscuss fhe flow cornputaflon method proposed by Vlckery. The assumptlons of
thls method are:

l. No stock eftect.
2. Sane lnternal pressure ln al I rooms of the bulldlng lmplylng z€ro pressure d:op

ln rocrns. Thls also lmplles all the doorways lnslde the bulldlng are open.
l. F I uctuat I ng pressure ef fects not accoun'ted for.
4. Pertect mlxlng occurs ln the bul ldlng.

l,lost of these assumptlons are satlsfled by a well-ventllated bulldlng. Even lf there ls sqne
uncertalnty, glven the level of dota aval lable, lt ls our oplnlon fhat Vlckeryrs procedure ls
the optlmum for present computatlonal purposes. lle note that tor lnflltratlon calculðTlons,
rnore sophlstlcated models ðre ðval lable, €.g., a multl-cel I model (Etherldge and Alexander
1980), whlch accounts for stock etfects and fluctuatlng pressures but requlres o hlgher level
of data lnpuf.

The Vlckery model starts wllh the standard orlflce flow equatlon fhrough the lth
aperture:

ôQ, = CO, A, il)

;her€

vr(cp -cp) / cp -h t/z

Cor=Pt/(1/2avr

^Qr 
= flow through the lth ðperture

Coi = ¿lscharge ðoefflclent for the llh aperture occountlng for flor
dlrectlon (fhe same aperture could have dlfferenf CU dependlng on
whether lt ras an lnlet or an outlet)

At = areo of lth aPerture
V. = reference rlnd speed af sqne helght, e.g.r l0 m

Col = pressure coeff lclent = (Pl-Psl/ l/2 9Yr'
PI-P, = pressure dlfference befreen the surface pressure tap and f ree

stream statlc pr€ssure

^p = alr denslfy¿, = lnternal pressure coefflclent
Pl = Internal pressure

The numerafor and denocr I nator ôre wr I tten
outflors. Equatlon I ls nondlmenslonal lzed by
recast as:

to account speclflcal ly for lnflors and

,- and a reference årea A such that lt lsV
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a%l ' col Âl tcor -%i/lto, -%,1v,

Frqn the conflnulty equaflon

ôfr¡ = o

¡here N ' nunùer of openlngs

An lteratlve solutlon (slnce þ¡ ls unknorn) ls obtalnod as follons:

l) Deflne tvo startlng values of hl os

tcRD, = {rcpt)/N

tcetlr' thl)t + o'ol

and compute the correspondlng values of net lnflor L ¡, e,ndL2.

ll) Conpute o ner estlnate (S,) trorn the relallonshlp;

(IôCO'¡

A

(2'

(l)

ov€r ðl I poslllve values
alc sum over fhe reglons

ls no need to solve for
the flor determlned ln

N

T

,.r',* = ,%,ì_,

ln the above K ls the ltoratlon nunùsr.

I I I ) Conpute the correspond I ng val ue of the nel I nf I ov,

(tôht) and fest lrroq,.,,l I .,0-ov'K I

YES¡ put Cpf - (hf )* and corpufe the elernentol f lor coef f lclents o hl
N0¡ return to (ll)

* ---------L--l------'i-:' ['*"*-' -rcpr )*-' 
I

(tô%r'*_,- ,toaq

The f lor lnto the buildlng côn then be evaluated by summrng ôcr.,,,rhlle fhe f lol through a grven surf ace c6n bs obtalned by un 
"urg"f,'.

corçr ls lng that surf cce.

Note that for the slmple cose of one lnlet ond one outlet, there
hl . 

. 
cp¡ ccn be el lmlnated f rq¡ the lnf lor and outf lor equoilons and

one step.

To assess the odequocy of thls nodel,
tunnel.

V lckery conducted tests us I ng a boundar,T- I ayer r I nd

Vlckery constructed tyo ldentlcal models, one sol ld and another rlth varylng rol Iporosltles for the long ralls (see Flgure l). There ras ô copabll lty also to add extendedoaves and rlngrolls ond have an aperture at the roof rldge. The alrflcx through theventlloted model ras dlræfly nreasured ln the rlnd tunnel. The f lor rôs fhen conrpored to fhatcalculoted uslng..Co data as neasured on the ldentlcal solld-body model. Flgure 2 shors the
comporlsons for thó cross ventllated cose rlth 2lf ral I poroslty.

For lorger porosltles, the solld body Co data overestlmates fhe actual tlow. As Vlckeryo<plalns, the nthroughr flor through the põrous bulldlng decreases the pressuro dlfferencebetreen the rlndrard and leerard sldes and thus the actual flov ls reduced. Vlckery suggestso slmple correctlon factor to account for thls;

cç = cge/tl + ho)
rhere
solld

flo: for large porosltles
the procedure descr I bed

ls the flon canputed by
lhe Vlckery concluslon

(4)

us lng
s ôre
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l. At lor values of the lnfernol f lor coef f lclenf ((h<0.1 or o roll poroslty less than
abouf 251 on tro opposlte fcces) the lnternol flors con' be predlcted frorn the external
pressure dlstrlbutlon meosured on a solld or sealed bulldlng provlded fhe openlngs are on
ralls. The le\rel of cccuracy that can be achleved (glven rellable pressure dafa and rellable
estlmates of the dlscharge coef f lclents) ls, fyplce¡l ly, l0f .

2. lf a slmple crrectlon term ls added to account f or fhe lnf luence of fhe
trthrough-florr on fhe pressure fleld, then the lnternal flovs can be predlcted rlth acceptable
accuracy (about l0f) tor values of Cn up to obout 0.J, rhlch, for openlngs on tvo ral ls,
corresponds to a ral I poroslfy of a¡oul 70f.

rer:'n¡:ted belq:

The sltuotlon chonges holever then one analyzes rldge-vented nodels. A number of schernes
have been suggested to occcmpllsh vhole bulldlng ventllatlon uslng roof-rldge-level apertures
(Chandra 1985). Rldge ventlng ros tested by uslng a solld leerard rall and uslng a porous
rlndrord lnlet ond rlct)ç outlet. Flgure J shors the resulfs. Sol ld body C^ data
slgnlf lcontly overpredlc'í ¡ne f lov even\f-oj-smalF f lor coef f lclenfs. Vlckery suggesfs fhat
thls moy be due lo the florfleld around the roof rldge belng modlfled by fhe alrtlor trom fhe
r I dge vents.

Our concluslon frq¡ these rlndtunnel tesfs and other fleld tests (Chandra l98l) ls fhat
if Co doto for the bulldlng ar€ knorn and locol rlnd speeds can be accuratoly estlmaied, then
iur Strong rlnds (e.9., local l0 m rlnd speed greater than 6 mph (2.7 n/sl) ond apertures
located on the rôlls, nafural ventllatlon alrflors can be predlctd to obout l0f uslng the
Vlckery procodure for voll porosltles up to 70f. ln oddltlon to the dlfflcullles of obtalnlng
good Co doto for typlcal bulldlngs ln fhe presence of odJccent bulldlngs, etc., r€ note thot
præedÚres fo predlcf local rlnd speeds frcrn olrport dato ð16 not valldated. fo our
knorledge, the terraln-correctlon fcctors relatlng alrport vlnds to other ferralns fero
developed ln Europe for sfrong rlnds rhen rlnd loadlng of bulldlngs becomos ô concern. To the
outhorsl knorlodge, the valldlty ol the terroln corrøctlon factors for normal wlnd speeds have
not been estob I I shed.

Effects ot Wln¿ fur¡ul

llhen rlnd speeds decrease, fluctuatlons ln the rlnd dlrectlon and lurbulence general ly
lncrecse. Under thls rather corilrþn condltlon, alrllor becorî€s hlghly erratlc and cannoT be
rel I predlcted uslng CO data.

Flgure 4 pres,ents recent full-scale dcto on thls loplc. Natur¿l ventllatlon alrfloç ras
conf lnuor.¡sly rneasured ln the southeast roc¡n of o Passlve Coollng Laboratory (PCL) rllh only
one arnlng rlndo¡ lor lnlet and tro cel I lng opertures lor lhe outlet. Alrflor rôs
contlnuously neasured by three hot fllm probes læated at the end of a flor-stralghtenlng
sect ¡on dcnstrean of the r I ndot. The f lorstra lghten lng sect lon cons I sted of a
four-feel-long flor-confroctlng sectlon made out of smooth fol l-faced rlgld lnsulatlon. The
or.¡tlet of thls sectlon had an crea equal to 50f of the rlndor area. At the end of thls a
honeyconb ras used to further strolghten the flor.

Oata ¡ere sanpled evory l0 seconds and averoged for l5-mlnute perlods. Each l5-mlnute
6verôg€ ls represented by a polnt ln Flgure 4, rhlch plols the ðverôg€ lnlet to slte l0 meter
rlnd speed ratlo for nlne days ln August 1985. Th,¡ horlzontal axls represents rlnd dlrectlon
npasured clockrlse tror¡ north. As the rlndor ras on an east rall (azlmulh=9Oo) lt vas ðn
lnlet rlndor for the ¡lnd dlrectlons plotted. To obtaln trends ln the data for dlfferent rlnd
spe€d reglmos, the data ¡ere separated ln 2 mph (0.9 m,/s) blns and lhlrd-degree ieast-squares
flts to the dota rere obtelned. The resulfs are shovn ln Flgure 5. ltle see that for I{S >ó mph

Q.7 n/s) the data ôre unlque, but re get dlf f erent I lnes f or lorer wlnd speeds. Morsover, as
seen ln Flguro 4, the data scatter lncreases substanflally at lhese lor/ rlnd speeds.

Durlng sullrpr nlghts, ln rnany parfs of the Southeast, the local rlnds are belcv 6 mph

Q.7 n/sl . Thus, :lnd turbulence ls llkely to create a slgnlf lcant uncertalnty ln predlctlng
naturol ventl lallon alrt lors.

Al rf I or Reduct Ions Due to Ayn I ng l{ I ndorç and I nsecÌ Screen I ng

The alrllot-calculatlon procedure ls valld for rectangular apertures ln the val I vlthout
screenlng. ln practlce, lnsect screenlng ls routlnely used. Also, slnce sllding;lndovs have
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501 ctosed orec, te rocoltnì€nd proJectlon or ornlng wlndors (fully operable rlndors rlth tro or
three horlzonfal ly plvofed sashes) for raln protecflon ond maxlmlz lng natural ventl latlon.
l¡leasurernents tero mode to determlne the olrflor reductlon from fully open arnlng rlndors (open
at an ongle of l0 degrees to horlzontal) and fronr a 60f porous lnsect screen. Alrflows were
meosured uslng the sa¡e fechnlque as outllned ln fhe prevlous secflon. For xlnd speeds belor
ó mph Q.7 ¡¡/sl ot the l0 mter level, fhe alrf low had a lot of scatter and dld not exhlblt
dlscernoble trends. For rlnd speeds greater than 6 mph, Flgure ó presents the leasf-squares
flt curves through tho data for the three cases tested. The ratlo of alrflor ln the presence
of rlnda and scroons to fhe cose of no ¡lndot Has colculaled frqn the dota ln Flgure 6 and
plotted as a funcflon of rlnd lncldence angle (whlch ls wlnd dlrectlon shovn ln Flgure 6 mlnus
90 degrees, the ozlmuth of the rlndor). Thls ratlo ras falrly constônt rlth respect to rlnd
lncldence angle. Table I presenfs thls rotlo, cal led the alrflor correctlon factors.

TASLE I

Alrf lor Correctlon Facfors

Ful ly open arnlng wlndors, no scre€n
Arn I ng r I ndor and 60f poros I ly screen
60f poroslty lnsect screen, no rlndow
( fron above deta, I . e. , 0. o5/0,15,

0.15
0. ó5
0. 85

É

iì
.a

Â
,:'
ì:

For rlnd speeds greater fhan ó mph (2.7 n/s) the alrflor computed from C^ da1. n be
multlpl led by Tcble I factors fo get actual alrf lov through dlfferent rlndõw ôr¡d lr,s€ct
screenlng cq¡blnatlons. lf ls very lnterestlng to note that tlre octual alrflow through
scre€ns ls more fhon rould be predlcfed by conslderlng the georntrlcal poroslty ot the screeÀ.
The olrf lor correctlon focfor for the [Ql_po_roslty screon l::0.60 lf only geønetrlc porosl.ly
ls consldered.

FULL -SCALE DÂTA FRCI.I CE IL ITG FA¡IS

Âs nofed earller, to rocc¡nl€nd the use of celllng fans to cool people ln noturally ventlloted
!9t9:: Celllng fons olso ollo¡ the olr-condltlonlng thermostat to be sef up by at least 4 F(2.?rc', sov lng substont I a I anrounts ol coo I lng energy .

hle have meosured olrspeeds provlded by a celllng fan, and Flgure 7 sl,¡s the results.It ls soen thcf the celllng fan provldes effectlve coollng ln a.',cular urea rhose dlaneterls trlce the blade dlorpter of fhe fan. hle have noted f,- yers,nal experlence that largetop-of-the-llne celllng fons côn provlde alr motlc¡n ln larger ôreôs up to a rodlus of I to i0It t2.4't m) frm the fcn center. Flgure I shors the olrspeeds neasured under the fan as ihefan blade cleoronce (the dlstence betreen blades ond the cell lng) rðs varled ln one-lnch
lncrermnts. The clrspeeds ¡ere meosured by onnldlrectlonal hot-f I lm-type alrspeed probes rlth
a 2 rm spherlcal m¡oôsursn€nt tlp. Thls probe ls clolmed to be ¿ccurate a1 lor alrspeeds such
as those reported here. lle see thot there ls a notlceable drop ln alrflo; belov 6 ln (.15 m).
For cleorônces grecter thon thet, the alrspeeds aray from the fan and undor the Ían center arelorgely unaffected. Heever, the alrspeeds of fan blade edge conîlnues to lncrease. Slncenost people slt or sleep betreen fon edge and one fon dlameter, lf seenrs that the maxlmum
cloorcnc€ physlcal ly posslble rould be the reccrrunended blade clearance.

The clrcles and squores represent alrspeeds meosured for tvo cel I lng-hugger fans.
Cell lngr-hugger fcns ore fans deslgned to have a smal I clearance (aÒout 6 ln or-.15-m) betveenthe fon blade and the cel I lng. ln g€nerôl the alrspeeds frorn cel I lng huggers areslgnlflcontly rors€ than the regular fan. For the ó ln (.15 m) clearance the iegulãi f¿n ras
much better than the celllng hugger ¡lth the sðrne clearance. Thls mlghl be due to lmproper
blode ongle settlngs for the col I lng huggers. lt appears th¿t the everage alr rnctlon frcrncelllng huggers rlll be about 40f less lh¿n that from reqular fans.

The Atflc.-Coupled Cel I lng Fan

A f requent problanr ln the southeastern u.s. dur lng sunyrertlnre ls
nlght. Even lf the homoorners are rllllng to tolerate the humldlty,

808

the I oï
the I ow

w I rrd speed at
nlghttlme wlnd



speeds result ln very poor natural ventllatlon. Thls can rosult ln house femperatures ôt
nlght 5 F (2.8"C) olnor€ rarmor than oufslde even lf the wlndoys ar€ open. Slmllor
sltuaflons exlst af moderafe rlnd speeds lf the rooor ls nof cross-ventllated (e.9., bedroons
wlfh only one wlndor). One rry to allevlote thls sltuatlon ls fo use rhole house fans. An
alternatlve solutlon, rhlch uses celllng fans coupled to the attlc, has been proposed by
Chandra. ln thls appllcatlcn, fhe celllng fan provldes bofh alrspeed for people cc€llng and
alrflor for bulldlng coollng.

Thls concept uses operable celllng vonts above the cell'ng fan as shorn ln Figure 9. The
celllng vents should be posltloned so fhat ti ¡ vsnts ôre near the tlp of the fan blaoes. The
shutters should open as shorn to malntaln -,nly a smal I clearance betreen the blade and
shutter. The lnsuloted venf shuffers ars manually ooerated and are kept closed durlng the
daytlme (hot attlc) so that the celllng fan can be operated normally. Dal'a on a full-scale
house shor fhat a noderately vented attlc (rlth sofflt vents and gable vents) rll I cool down
to rlthln l-2 F (.5-leO) of the amblent temperature durlng tho sleeplng hours of ll p.m. - 7

ô.m. (Chandro and Kerestecloglu l98I). At that tlme the celllng vents can be cponed. Then
the celllng fan pulls ln cool olr frorn the attlc and exhausts lt through an open rlndor ln Ìhe
bedroom. lf fhe nlght ls wlndy then, even wlthout the fan runnlng, suff lclen+
cross-ventllatlon can be affalned from one wlndor and the celllng vents. Note thal +hls
concept ls espoclal ly useful for rooms rlth only one rlndow.

Thls concept mlght also rork In wlnle- to draw hot attlc alr lnto the house durlng wlnfer
dayllme. Shutters should seal tlght to prevent nlghttlme heat loss frorn fhe roofli io the
cooled attlc. Due to The rlsk of pul llng ln loose flbers trom the attlc, lt ls recom¡rended
that thls concept not be used ln ottlcs wlth blown-ln lnsulatlon. ¡

:J

:ii
:{
.a

Tests of thls concept have been conducted ln one room of a passlve cool lng laboratory.
0n a wlndless (wlnd speed at l0 rneters less fhon 0.5 mph (,22 n/sl) mornlng rlthout the
cel I lng fon runnlng and the vents open, natural ventl lotlon produced only 4 alr changes/hour.
l{lth fhe cel I lng fan runnlng, the alrtlov through lhe roorn lncreased to 20 alr changes/hour.
The alrtlow was measured by travorslng the vall aperrure at l2 læ,ailons by an alrspeed probe.
The flrst or¡thor may bo cor facted for turther detal ls of thls test.

0n wlnclless sunmer nlghls, ð normaI rocrn rlth cel l lng fans runnlng ls l lkely fo nave 4-5
olr changes/hour resultlng ln 6 roorn temperoTure about 5 F (2.8oC) hlgher lhan outslde. Thls
5 F volue has been measured ln the fleld in real houses. So lt the nlghf lanrperafure ls 78 F
(25.5oG), the roonr rlll be around 8l F (28.loC). wlth thls new conceot wlth 20 alr chanqes
per hour, the rooíì temperature rll I be only 2 F (l.loC) hlgher, 1.e., 80 F (26.ZoCl,- a
cqnfortable temperature *lth the cel I lng fan runnlng lf the homeowner does nct mlnd the
humldlty.

m¡nluslaN

hle conclude that bul ldlng pressure (C^) dlstrloutlons can predlcT naturat ventl latlon alrflcvs
through wlndo¡rs ln rlndy locatlons ((.ø., perlo4s when slTe'l 0 rneter wlnds are greater than ó
mph). As rlnd speed decr€ases, the effect of wlnd furbuience beconres p:omlnent and must be
accounted for. Exactly hor ls no1 clear yet. Low rind speods, proJecflon or awnlng rlndows,
and lnsect scr€enlng aro conÍron ln naturally ventllated resldences and all tend to reducr¡ the
alrflor frorn what rould be predlcted uslng C^ data. Quantltatlve ful l-scale data on the
mognltude of alrflor reductlons frorn fhose effeCts have been presented.

Celllng fans are very popular and hlghly recornmended by the authors to cool people ln
Southern resldences. Full-scale measuremenls on alrspeed data fronr celllng fans ère
presented. A ner concept for nlght ventllatlon uslng cell lng fans has been proposed.
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Accurate predlctlon of alrflors ls necessary to correctly estlmate energy savl'¡cs
natural ventllatlon. As a flrsl, slep the exlstlnç rorld-wlde C^ dato base rreeds
consol ldated ln a computer-frlendly format. Thls work ls currently belng performed
under ASHRAE tundlng.

frorn
to be
by us

Ful i-scale tests need to be performed to measura natr.lral ventllatlon alrflows ln real
houses to valldate the calculated algorlthms. Addltlonal ly, valldated algorlthms need to be
developed to predlct local slte rlnd speedr; from alrport wlnd data during loç wlnd speed
cond lt lons.
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