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Thi!! paper df'Scribes tht' l"llrT!'nl lim1tat1ons. as well :i.s recent improvements, in tht' rapability o( romp111,.r 
!'limulation pro,;ram to modd natural \"f'ntilation airflow through buildings. The ad\"antagrs anti limita· 
lions or two tl'Chn iques - the ma.ss balance approach and the finite domain approach - are discussed 
Rt"!'ulu ar .. :i1hown from two llel!! or simulations. using typical building configurations. to illustrate the UM'

fulnr~~ or rach techniqut' in predirting wind induced \"en•ilation rate . 

INTRODt:CTION 

Ouil.Jin~s that are properly designed for r.atural \'entilation coolin~ can significantly reduce or eliminate 
ttw nPl'd for m.;>chanical air ('Ond1t1oning, while maintaining or improving the le\•el o( comfort o( the build-
11111; O<'C'llpant11. H•>Wever. the phpical proc~es or heat and ma.~ transft'r and human ('omfort :\rf' \'f'!'~' 
<"omplt•x. and all art' not yd fully undnstooc.i Hence , a romprehensive computer pro~ram dof'll not yrt 
rxast to model all the proce-s.s~ nece\Sa.ry to predict the performance of a naturally ventilated building 

The airflow rate through a butldmg 1s a fundamental concern because o( its impact on th,. le\·el of 
rnmfort of lhe huilJing ocn1pan~ and the rf'S11lt1ng cool ing f'n<'rgy consumption (Ryrnf' f't al Hbl6J Thi" 
n:ilural Hntdat ion llow r:ite is dr ivt'n by a d 1ffertnce 1n pr~ure acro..15 the building envelope. whu·h 1s 
"ITt'ct('d by the location and llize oC nearby obstructions (e .g . . other buildings. trees. ttc .) as well as terrain 
<l1·n:city (t' g. urban , rural. etc . ) and re~1ona.I gl'Ogr&ph ic features (e .g., lakes. mountains. etc .). This raper 
<it>::i.l:s with the pre<l1rl1on of intf'r1or :mliow when tht' air pr~ures arto known on the cut.side surfar~ of 1hr 
buildini;. Two techniqul"! ar,. dt'!lcribt'd to :o1imula.te airflow - the mass balance approach and thf' finite 
don1ain appro:ich . Ea.di approach h:u advantages and limit:itions which are disrus.wd in the rontext of 
~xamplf' probl ms. 

WIND FLOW AROUND BUILDINGS 

The airflow field around & buddin g, : .lcluding tht' &lt u locity and building surfact' preaeure. 1s significantly 
affected by the !oration. size and shape or nearby obstructions (such as othtr build ings or groups or tr-es), 

• as well ~ thf' s ize and shape o( the budding 1l$f'1'. An und erstanding of this How fi ~l d is nec~y for thf' 
accurate prediction or natural vf'ntilation airflow through buildings a.nd is also useful for analyzing human 
comfort on the street lf'vel and wind loading OD the structure or buildings. 

For the purpose or calculating natural nntilation airflow rates, the exterior ftow field is fr.-qutntly 
characlt'rtzed by pressure c<>f'lficlt'nt.s for selttted point.a oa •.he surface o( a building. A prPUure r~fficient 
is defined a.s the ratio of the dyn&mic wind pre.ure at a given point. on a building'• 1urface Lo the dynamic 
wind prt"Mure in the free stream at a reference heifiht . This t'Of'fficient, along with the wind spttd, dirtt
t1on and a.r density (normally obtained from a weather tape), i1 u.e-d Lo determine the ~tual 1ur(ace 

'\\\' 
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pr~ure for each ume step in a simulation . Pr" ' ure cot ff. '"nl are no rmall~· reco rd d at ~ "''""ral point• 
(frequently W or mr,re) on "ach b11ilciing urfat' I! that r.~ \"('nt1h11on op1-nin~ . fo r <e\·tral wind ciirf"rtion'I 
{urnal!y beLween and 36) . resulL1ng in a lar c Jatabll.Se Le. desc ri be any g1\·en bui!Jing d~ign 

Pri-s.c;ure coefficien~ t'an be i:letermineri fro m exp,.rimental m,.a.surem nt.s 1n a wind tunnel." umat"d 
from r V ssio1. analysis of pr,.vious eX;>"r:mcnts . or calru !ated from th t b~~i<- law!> of A 1id d "nam1r~ 
\\.'111d unnel exptrimen!atio11 has be,.n u J xt n, i\·e ly in th" pa.st 10 motid airflow :iround uui lr! i ~ ~s (C' .. r
mak l 9i6. Aynsl,.y I 9ii) How,.v er . it is boLh di fficuit and ex pen 1ve to perform a rigorous t o r wind 
tur.n '! I e · pPriment~ fo r C\'ery tuild1ng d es ign b ca.use each chMge in the size ::>r shape of the building or 
surrounding obst ruct11.m:1 wi:I alter the magnitude and distribution of the surface pressure. Although win d 
tunnel "Xperimentauon r "'mains t.he hoic" wher"' prtc1sion is nece\.<1ary. there ha." been incrf'asing inttres 
in altP-rnale methoJs or predicting !)res.sure coefficients . 

On" approarh 1 to rrciure large :.et~ of pressurl' "O~ffictc nts to imple t-q11at 'on:oi by regtf' ion :rnaly!<i!' 
o f pr,.,·10 11< •·xrrrir1 ,. r.1al d:ua ( l.l'e rt al. l !l 0 , :\lien Hl~4. wami and ~h~rndra i!l 7) In ord,. r tt) r"dur r 
th1• rompi,.x11~· of th t rirohl1·m . thrsf' tud1l's t.::n-" made e\"l'ral •Hmplify1ng :'-"-"Umpt1ons. tor namplr . 
C-:war111 . n•i ('h :u :<i r:\ avrra.;l'J lhe measured dat3.. resulting in a constant pressure aero" the t-ntirt area of 
e·ach :<urfacro :\l,;o . tirl' e fT1· cts of 'lpec ific d~ign cnang~ (e . . th~ addition of wingwal:s . o,·erhangs. !'le . ) 
:ind surroundin~ b111lcl1n~s ar" not always ,.xplictth· indudroJ. in the rl'gra.,,ion modPls While the ,.ffrrt of 
thrsf' . 1mpl1ticat1on~ .!Ppronds on tht- !<peci~c problt'm . in general. ~timateJ pr~un~ c~tficient ~ are usrful 
only for predicttn15 average \'entilation rates a.nd are not suffkil'ntly accurate for a sensitivity study of ven
tilat ion design s trategies . 

Thl're h:\.5 betn con!<1dt'rable recent 1nterl'st in the u:o;e of computrr models b~'lerl on the fundamf'nLll . 
or tl111d dynamics to pr,.J1ct wind flow around buildan s a..s well as surface pr"55Utl' c~fficienui (0hr51 rn~J . 

ll:u~~kn s t "' al l!)~r, . lfan"°n "l al i!l 6) 'ing the conservation equation' for liu1d Row and t-mpmeally 
dt:ri\·,.J forrnul:l..'l for crr1a1n r tfrct!'I , thf>lle mot\ds have the potcn1 1al to suppicment or rcplace wind tunnel 
•·Xp• ·nrn,.111a11on llowl'\"t'r . thr 111trraction o ( lar~e and iimall scale cffecl.9 rrma.ins dilficult to quantify and 
1hc num,.ric:i.I olut1on techn1qu~ rl'q111re s11i;n1t'ca.nt computer resources . Although a substantial dev,.lop
m•·111 and \·ahdat1on ,.!fort r,.matns . 1hi" :i.pproach may cver.•ua.l ly nable dl'9igners to tl\!li\y and 1n,.'(r,.n· 
'l\"••ly ,. , mp;lr'" 111 :111y d1lf1 ·r•·rit '"rntil . lio n ·h·~ r~n <>Ir . tr~1,.~ ,\ :;1m1br appro3.rh (•lt . c11~,.J hrlowl h~-4 h,.,.n 

ll ""I f1> r thr prrd1rt1on o r !\IT rnlJ\" rntllt ~1th1n bu1 )Jtnp;5 

AIRFLOW THROt:GH BUILDlNGS 

'.\atural nntilatton airllow 1hrough buil1Jin~s "drivt-n by a ri1fT,.r .. nce in prtsSurt a.croM ope1111111;5 1n 1hf' 
u11ild in11: ,.nv .. lopt and bl't"'""n rooms within lht build1n11; Tht!! prl'll.SUrt' J1fl,.r,.nr ... l!I f' 311 :1 f'd hy a 
·l1ff,.r .. nr,. in 11·mprra\11re ( thr -.tar k ,.If ct .\S well :\$ 1hro for<'e of the WH,cl The . t:v:k f'tfrc t can tlonhn.1 
a1rllow in t:>ll b;.11l,J1ng~ whtn :r.ere 1s lit tl e or no wind . but a,., the wind sp~ed inrreastt (and nurl~· always 
in Im••• ri~,. h111ld11111;1), thf' ~tark rfT,.n 1!1 I~• important and \"1·n\1b11on 1~ primArily 1nd11rrd hy ""ln•I pr~ 
-.ur • 

Three calculation techniqu~ n1st for d..termining natural vtntilat1on a1rftow ratl'9 in bu1ldinir-i 

~1mplititrl r,,o.lf'ls b:L,.,.d on a rf't;r"-"11on of mc:\.'!ur,.d a1rftow ratn in typ1<'al. usually ~in1t;le 

zone. buiiJuv;s 

'' :\ m:L."U balance of the :\Jrliow into and out of f'a,·h o{ one or more interconnected zones. 

3 ;\ num .. r1r:\I o;olut1on of •.hf' con~rrvat1on law equations . po5..'!1bl~· combintd with empmcal rela
tion!'lh1ps for certain efTtc~. using a finite Joma.in method or other numerical scheme 

~implifird models (for uample, hPrman and Gr1msrud 1980, or Wa.rr~n and Webb 1080). like 
T"1,re:1..~1on 1a10<ll'ls llSl'd to prl'<il<'l ~urf:lce pr~ure <'Of'lncit-Ol.5 , are primarily UM'fU! for ~timl\ltn! t)'plcl\I 
:-.artlow rat~ r:.ther than an an~lys1s or ventilal1on design strat~1ei1 . Therefore, the d1Scusaion here will 
focus on the m&M ba.16ll<'e &nd finite domain .alution lechniquet1. 

-2-

• 



The Maaa Balance Approach 

The rr.ass balance approach n~pr nt s a b111 lding ~ a network of nod " (1." 1ntf'rn a l •pa(" or 
points on tht" external buildin~ envelope) w1 h ~onn,.r t i on11 or op1"n1ngs (i,. . w1nriow .. rloor~ . ,.t<" ) .• 1 .... ,." 0 

the nodes . W ith this approach. it is pOM1ble to soh·e for the airflow rate through each opening when given 
the following information : 

1. The air tf'mperature or tach node. ll~ually obtainP.ci from a weal hl'r ta.,I' for CXtf'rnal n0<.1 .... "\nd 
from a heat transfer simulation or direct input for internal nod~. 

2. The wind prC'SSurc of each external node. obtair.ed from surface pressure coefficienll along with 
wind speed, direction and air den!ity from a weather tape. 

• 3. The rC9istance to airftow of each opening. obtaine-l from empirical relation~hips. 

The ai~f\ow through an opening i~ a fun ct ion of the size and shape of the opening a.! well u the pr~ 
· ur,. d1fTerenc" arrnss 1t . Empirical rel:llionsh1ps hav,. be,.n developed for airflow throu~h 11enral t~·p,... or 
np,.ninv,~ : :i. ~11mmary 1. g1vf'n an :\SllR:\E I 19 ~ l Cockcroft ! 1!17!1) ha.s ~cro11nterl for :mtlow an hoth 
d1rH·t ion · through a sin11;le opruinp; c:i.u~f'd hy a J1IT1"rf'nce an lf'mperature between the spaces 

In a llf'twork or intnconn•cted ~pares . th!!' :urf\ow IS ~1\"f'd by balancing !hf' m:L~ flow ratf' into anti 
011t <lf rarh <.par,. .-\n 1t rat1\·c "Olu11on . which 1:' rN1u1reJ be<"'aust' th~ prt"!\.<;U~t' in l!'ach spare i:s 1n1t1ally 
unknown anti the ftow t'quations are nonl;near . procreds unul the prt'dicted airflow is within !!Orne accept
able tOJlerance . The !!Olution fer an tntire network of spac~ can be numerically unstable if there are both 
large and ,mall npf'ntngs in the netwcrk. or if mall chang~ in prr-ssure produce larg.- changf'S in the 
a1rllow ratl'll \":mo11s 501ution al~onthins ror 1h1 typf' of probll'm ha\"f' bt'"n proposed hy Ccxkroft ( 1979), 
Walton (1~8:!1. \·1ckery et al. (U)83), and Lindberg (191'15) 

T'> illi1s•rate thf' ll!'<f'f11lnt'M or •ht' m/l.S:I balance approach. we analyzf'd natural Vf'ntilation in a typi
cal ap:irtrr.f'nl (Fig11r' I) M t.wo l<X:\llons an '.'ew C'altcion1a {latitude~'.! S. lon~itude !66 E) . Tht' two 
.' llf'!< . '.\011mt'a an<l PoinJ1m1C. are on opposlle !11des of a range of mountains extt>nding the len~·h " ( !h.: 
island . We used E~PAfR {Cl.uh 19tl5) to simulate •he nalura.J \•entilAtion airflow rate. b~t i ?n mu.s
ur .. d weathrr data from January 19~~ . a. month :n th m1dclle or the !lummtr in the couthern h,·o.ii!'phP.re. 
\\",. rorr,.rtt'J the me:u11rt'd wind spef'ci to :lcrount for difTertncf's in tl'rr:Un betWt>f'n tht' weather ~tatioll!I 
(loratt-d ou1,,1Je urban uea,,) and the hu1lding sat~s (a.Mumed to be in low density urban surroun<ling!!) 
u!<ing an all?)<">rlthm dtscrabed by Sherman anJ Grimuud ( 198~) The surface prf'SSure c~fficient.s are taken 
from a st'rl"?S of wind tunnel cxplrimcnts by Vickery el al . i 1983) for a low rise building on a suburban 
.. llf' For the purpo11 o( s1;nulat1on. we d1,·1dcd th' :lpartmenl into five airftow zont'!I: living room, kitchen. 
hall and two bedrooms . 

'hown 1n f'igurf'!I :? and 3. is the simulated airflow rate through the apartment living room for each 
hour during tht month of January . We lim1t~ci the ventilation rate to a maximum of 40 air chr.nges per 
hour (:\C h) bl'caU!-e grtater a1rRow an the floor ~Ian 'hown might cause occupant discomforl . The \·enll· 
lat1on rate shown 1n F'i~ure ::! for :"'oumea frequently reaches th~ maximum and falls below 10 AC h for 
only br1d per1od3 F'or the ,amc period of time , the ss.me apartment in Poindimie (F'igure 3) hu much lcsa 
Hntilst1on . With frequent and extended P"r1ods b,.low 10 AC h . rn both cu~. the VeMilation r:lle is 
highly 1rrt>gular due t.-0 rapidly R·.Jctuating wind ~prtd and dirf'ction. This ant..ly:iis shows the effect on ven· 
ctlataon d ri1fftr,.nrf':'I 1n wind riir~ct1on and sp"eJ betwf'en two nearby sites that otherwise have similar cli· 
matt'S :\n arrhttf'ct rould us,. 1h1s l . pt of anAly!1111 to con lude that the pro~ed d"91t;n is acceptable for 
:'\011ml'a. hut ·hould b,. mod1tif'd . pl!'rhap by ch:i.ngmit the oratntal"on. window iztS. or interior partitions. 
1( 1t to be used tn Po1nd1m1e . ·~11ng this approach. a df'S1gner can quickly ev&luatt' various design !ltra· 
lt'§lf'S. with subsequent analysis nec~ary t.o account. for cxcupant comfort and tht resulting energy con-

• s'Jmpllon . 

Although the mas.s balanre approach is widely used l-0 predict air movement in buildinp. it ha.s 
~ner&J disadva.ntap.es . Inherent to this approach i5 the assumption or perfttt mixing of tht air in each 
.. pace; that 15 , tht> ..ur templ'rat11 re. spt>ed and pre:M1ure are co~tant throughout each epr.ce in the network. 
This assumption can be inaccurate (or large spaces. f:'Spttia.lly if divided with partitions. 

With the mass balance approa.ch. it is p<l98ible "° ntimak ~be air epttd only near openinp bet•ttD 
spaces. ~cau~e adequate air movemtnL is an imporLaoL means o( maintainin, human com(ort in bo\ 
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clima.t~. this limitation mak~ 1l difficult to evaluate the effect of a given d~1gn 5trat .. gy on the l"vel of 
ccmfort of the l:Juilding occupants. 

The effect.s of a ir momentum are also not arrounted fnr in the ma.~ hal:rn c"' :i ppro:irh It 1s th"r"'fnr f' 
1mpo:!l!lible to accuratdy predict t.he amou nt of air that entl'r~ a nd then leav,.s a r0<>m w 11h•11Jl intrrar 1 0 ~ 
wit h the balance of the room a ir . :\! might happen in a ~mall or narrow room wi t h op,. n1n .. Qn p o~ 1 ,. 
ides . This limitation mak es it difficult to accurately calcu la te the room energy balance and rJ ,.1, r m1ne h,. 

r,.s11lt in~ cooli ng load and space temperat11re . llowev r. altho11~h the ma.ss ba 1ance :i.pproach h:\.41t ma ny 
limitations. the accuracy of this approach 1s often acceptable and cons1stenL with the l•vel of uncertain 
of other a.ssumptions that. are nec~ary in a comprthensive building energy simulation 

The Finite Domain Approach 

In thl' ma.55 balanC'" approach. the only paramPter of intf'r~t. 1s the input and 011tp11t of ma.ot!' frnm 
••:\di zon" That is. no atltnllon is g1vf'n to what may happen to the air in~1de Pach zone. '.'urh a. .. ,.hort
c1rr11iting. stratification, perfect mixing. sta~nant polluted air. water vapor C'oncentration. or th" range of 
:ur v,.locity Howf'ver . the~e v:n1abl"'9 are nl'C'l'SSary to C'haracterize the level of <"omfort in a room. thf' 
,.fflr1,.nc~· of th,. HVAC 'Y~lf'm and potential huilding probl,.ms. such a.s moisture conden:'lallon (FJ .. ur~· 

l!l!'iti) Ir these parameters nf!ed to be q•Jantified. the finite domain method is a more appropriate analy11-
cal tool. The commeni.s made here also 11.ppi:r to the finite difference and finite element approachn which 
employ 5imilar numeri<'al solution techniqul'! Spectral methods will not be discussed here because of their 
pr~f'nt limitations at high Rayl,.1gh numbl"r!\ (Hald,.nwan~ l"t al 19~6) 

Th'" finitl' domain approach rPprt'l5ent.'I f'ach thermal zone in a building :u a finite numh"r or rontrol 
voh1 ffif':'I or domains Thf' v alu .. or e:\('h v :t.riable ( prt'S.9ur ... lempf'r:tture. Vf'locity. et('.) is ~41t511mf'd lo .... 
con!'ltanl thro1111;ho11l an ,.nt1re rontrol volume. The number or control voluml'! used to rerr~"nl ":\.-I: 
thl'rmal zone dept'nds on thf' problem to bl' studied and thl' le\'el of required aC'curacy for example. 1r .1 

Je!'l11(ner 1s 1nt"r~tf'd in lo<":J com.·ective heal exchange, attention ha.s tc be concentrated nl'ar the wall 
where the boundary layer develops. leading to a very fine grid near eaC'h surface because the thermal boun
dary layn 1s only a fpw millimeters d""P Likewise. the C'Orl". or centra.I. control volume may be relatively 
l.ugf' 1f it l!I th..rmally inart1\·e The choice of the ~ue or each control volume is. therefore. the result of a 
Ul"taaled ar.alys1s or the physical prOC"'SSl'S to be modeled . The finite domain approach allows for the simul
tAn~us solution of a combination or large and sma.11 control volumes . 

:\crnrrlin~ to thf' prohlem to be ~lv,.d (dynamic. thf'rma.I. tw~phMf', conJll!{Med, Ptc.). a 5et of mu

pll"J l'flllat1ons must bt' dt'lin,.d Each variable in each control \'olume is aa!IO('lated with a consen·auon 
"q11at1on For examplt', velocity 1s determined by a conservation or momentum, enthalpy and tempera.turf 
arf' df'tl"rmined by a constrvation of energy, and'° forth . 

Th" ~elf'<'t1on of "'luat1cn5 depends on the prOCl'!\!<f'll to be modeled . For the wind tlow around a 
building, equations rPprf'senunir; the tP.mperature field as well as Jifl'erf'nt 11ptcif'! ('Oncentrations are not 
nf'c,.s:-ary b"cau!le 11 1s rf'a..<;()n:\ble to 3...'!Ume perfect m1xin~ If a ~~udy of pollution or moisture condf'n .. 
t1on 1~ thl' objeaive, mult1ph~e Pqu11.t1ons should be applied If the airAow is t11rh11lf'nt. an appropr1atf' 
turhulf'nt modrl !lhould bt !lf'lf'rted, that is. l'llhf'r turbulent lonemat1c nsro~lly. an a)g,.liraiC' model. :t. 
rmxin~ (,.nir;th modf'I. a oM 1"qual1on k·I. or a two equation k-10 model Spalding ll 98:2) g1\'"'9 a genual 
r .. ,.1 .. w of the potf'nt1al and 1h,. lim11ations or thf'!'le mo<lels The finitf' domain llppro11.ch. th,.r.,for,., ha." 
pott'nl1al apphC'allons 1n '"v"r:il titlds of !ltudy The U!lf'r of this mPthod should JUd1C'iou~ly !ielect the "qua
tions that are nf'<'~aty to rfl"".-r1be a !1pec1fic problem. without unduly increuang the complexity and tht 

romputer lime required for a !10lut1on . 

The reltvant 1"quat1onJ1 are d 1scretistd over thl' entire tw~ or thrr-l"-dimens1oniU prohlem arMrrling to 
difff'rf'nl numPrtcal !lt"hf'ml"'S (Patankar l9lH) The domarn or the study must be clostd with adequate 

boundary cond1t:ons applil'd. for example: 

A perftC'tly insulated wall 1mpli"9 a zero heat ftux C"ondition in the control volume that art 

adjacent LG the wall. 

An introduction o( air into tht dom~n. for t'Umplf', an opt'n window or a mtthanital vtnl, 
requirn spfeifiration o( th• ttmprrature, tht mitt vf'loc1ty and the momtntum at tbe inltt. 
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A conductive coupling of the domain with thl' ouL~id" tnv1ronml'nt , for l'Xampll' . th rou h :\ 
window or wall , re'luir~ !!pl'cification of the conductinty and area of the window or wal l, as 
well M the adjacent ou~ide temperature . 

The pre~ence of a. wall or partition impli~ a zero \'elority at the surface. usually ealll'd a no
slip condition . 

The solution of the set of tht!e linked equations with accurate bounda•y con<!itions requires a rnn!iri · 
cr able a mo uM of compu te r ti me. However . the advant age is t hat an y variable an be n a mincd al an 
poi nt in space or t ime. Thus. 1L is possible to study the interde pende ncy between physical proce '"5 an 
thereafter ei ther d is<'onnect them to redut'e the computer time requ ired for convergence or introdu c oth r 
proc~es Lo improve the accuracy of the solution. This is usually an iterative process that requir~ both 
knowledge and experience from the 115~r . 

The finite domain method hu been extensively used for general fluid dynami('S problems and mort 
recently in natural and mixed convf'ction for simplified. single zone bu i ldin~s (Allard 19~6 . Whittle 19 6) 
In huildin11; anaiy.,is . the empha..~is has bPtn on evaluation of the heat tran. fer exch.'lngl' at cach physical 
~urfacf' and on :ur movement inside the zone . This techn ique dynamically cakulatl'S the heat tran f,.r 
t'Of' tfiril'nt lllo ng ca.ch surface by si multaneou5ly solving the enthalpy and ~avier-Stohs equat ion~ . . .\ 
rcct nt stu d y (Allmayer cl a l. 1983) concluded th a t the heating loads of a b'jilding can be ov" or u nder~ 
t1m:ued by up to 50°C by using standard con,·ective coefficients (ASHRAE 1985) rather than calculatl'd 
coelfic1ents. 

In existing building energy codes. airflow is either explicitly specified by the u~r . as in BLAST 
(CERL 19i9) c-r DOE-:? (BESG 19~~). or i' dri'·"n only by b•1lk d,.nsity di fJPrenr~ . as in the m:J.M balanr ,. 
approach us .. d by ESP (Clarke 19~5) or TARP (\\'alt<>n 1!1~3) In nf' ithf'r ca:ie is it J>OS$ihll' to i-roperly 
acc:>unt for airflow dri\'l'n by boundary layer pumping or by unstable strat1ficat1on (Kirkpatrick and Bohn 
19~5 . :\ncf Pr~n 1986) Lik,wise. the 'ffect.s of partitions or obstacles are difficult to analyze with existing 
rodf's and they may have consuier:i.ble impact on the &1r circulation inside of a building. 

To illustrate a typical differenre between the ma.sa balance and the finite domain approaches. we 
simulated airflow in the two room configuration shown io figures 4 &nd 5. Ventilation air enters through a 
win dow. pa..~es throu11:h a door separatin~ the two rooms and thtn exiu throu11:h the othl'r window w,. 
olll :un~d thf' 1n<liratl'd rPSults with the finite <ioma.in mod"I CO'.\"\"EC (Fleury 1986) U!iing usump1 1ons nf 
con!ltant air tl'mpl'ratuu· and laminar airl\ow The vecton 10 figure 4 show the direction and relative 
'P"d of the air at each point ; the longer the vector. the ra..tl'r the air is moving at that point . Th" 
~tr .. amlinl's .. tiown 1n fiKur• 5 can bl' intPrpreted a,, similar to the smoke that is commonly U5f'd in wind 
t unnPI ,.1~111ahzation tr.;ts . 

. .\:! ~hown In both fi~Url'S, the wall separating the lWO ZOn'9 haa caus~d i1i11:nificant sho1t-circu1ting or 
thf' :urtlnw , with both inartl\'1' areas and relativl'ly high local nlocities. This df'!lill;n ran lud to OC"rup~nt 
d1~romf11rt hrr:lU!'I' of both ina.J,.'luate :ur mo'·"m"nt at rPrtain locations a,, wPll as l'XC'~"'"' " \'rlo<"1ty :\t 

otlll'r loral 1ons :\ !'lffiUlat 1on or I 111!'1 J,.s1gn U!'ir\g the m~ balance approach woulJ not indicatf any 
po1 .. nt1al prohll'ms. b .. raU!ll' of thf' inhf'rf'nt !L'5Umption or ptrrf'ct mixing or thf k!r in each &Onf Tht 
J~s1gntr would be :ible to dtttrm1n' only tht l\irRow ratP bttwccn zonf'!I, with no indiration of the di~tr1bu
tion within 'ach zon,, pt>rhap" roncluding that the avtragf' velocity is &dcquatf for comfort . 

CONCLUSION 

:\l the prl"Senl timl' . no romprPh t n!llVe building en~rgy 111!'lulauon program ut ilizes the fin ite domain 
method because or the txc~1ve com pu ter time rt qu1red for a !IOlution o( the conSPrvation equations. How· 
,ver. in foturt yt al"!I. 1t 1s liktlr thal thf rap id dtvelopment of high spttd computf'n and improvf'd numer· 
1cal ~luuon t~chniqu~ will en <i ble this method to be u:tCd Cor detailed . multi·zone. build ing analysis. fully 
accountinir; ror the l'fl'frt.. or natural and met>hanical ventilation. In the inttrir:t , we believe tha t the fin1tf 
domain approach ~hould b' u~td for ~ll'ctf'd problrrn.a (e.g .. poeaible air stagnation, short-circuiting, etc . ), 
to provide valuable I0~ 1ght. Lo the building designer about potential inauuracics or lhl' mus balance 
approach. For thosr design problrms where it is suitable, the mass balance approach remains a si1nificant 
1mpr0Hmen1. ovPr more 11mphtied method• that ar• 1till in common l&M . 
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Figure 2. Simulated airflov rate through the living ~oom of the apartaent 
snovn in Figure l; these res~lt~ are foe the TtOnth of January 
in Noumea. Nev ~ledonia 
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fiRure l. Si91.1lated airflov rate t~rough the living room of the apartment 
shown in Figure l; these results are for the month of January 
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rrprrsr~t dirrction ~d srred at e~ch point; the lonKer the ~ctor 
the f ~str.r the air is movinK ~t th.at point. 

Si1BUlatrd 3\rflow u.~inR lhr fini~• d~in approach. This Is thr 
rrsult of the same simulation as in Figure 4 usinR strr .. lines 
to repre~r.nt •irflov. 
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