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SIMULATION OF AI.RFLOW THROUGH 
LARGE OPENINGS IN BUILDINGS 
A. Schaelln. Ph.D. J. van der Maas. Ph.D. A. Moser, Ph.D. 

I.Wrtlw ASHRAE 

ABSTRACT 

7M coupling of indoor airflow to the outdoor flow 
thr011glt large o~ning.r lit bUildings tltal allow bidl~ctlonal 
jWw is of cons#Mrable illlerest for nu:ury appUcatioJIS. In 
this work, the all'jlow pattern has b«n calculm«l for 
sillllJiiotu in which warm air leaws a room through the 
·tipper part of tJw llugtt. o~iting and rises a.r a thermal 
plwu, with i:uid Without intuaction with wind. 

Both tw~ tJRd t~iQnal CFD simu/Qtions of 
the velocity and temperature fields.· In a thermal plume 
agP'ee w.ll wilh tlur analytical models, Tlwe, i~ turn, are 
well supported by e;tperiments. For single-sid«l ventilmion 
'withofll willd,. tlw velocity proftld in the doorway predicted 
by CFD haw foaturu thol aN w~tU lcndwn:from expmm~tn­
tal data bill cQIIIfOI b. found in allfllyli~ modelS. With a 
110rrrurl incident stf!ody wind on thf! opening, an increa.rf! of 
the convective flow is found in the thr~te-dim~tnsionol. case 
but not in thf! two-dim~tMiQMl case. 

AI the boundariu of the Ct»raputation domain co,... 
rupohding to thefrl!l! atmosphertl, a zero pressure gradient 
boundary condition was foUNJ to be suffici~tnt to avoid 
uRrealistic r«ircultuio11. By pro{Jf!l' placemf!nt of thue 
boundaries aroUNJ a healed room, good numerical ruults 
CfiiJ IH achiewd for a computalion doiMin extended only a 
little to the outsith of the room. 

INTRODUCTION 

Interat in si~ulating the airflow through large open­
ings in buildings, such as windOws or doors, allowing for 
bidirectional flow, is increasing. Applications include the 
natural ventilation of office rooms and buildings or, in 
general, airflow around buildings interacting with airflow 
in rooms. In such a case, the indoor airflow is dominated 
by the convected flow through the opening because, for 
example, in a winter situation, warm air goes from .. the 
room to the outside and cold air enters the room through 
the same opening. 

While some publications have shown calculations of 
the coupling of airflow through a door between tWo 
adjacent rooms (Jiaog et a1. 1992}, little computational 
work bas been published so far for the CFD modeling of ' 
airflow throush large openings with opea boundaries, 
particularly for .free convection cases without wind. In such 
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sit\la&ibila, the computatioaal JriclbU to be ~tended from 
the room tbroup the opeainl to tbt outdoor air. 

A nua~ber of experimelatal studies bave showli that the 
airflow through doors inside buildings is reasonably well 
understood md can be modeled hoth with simplified 
models using tbe temperature differoace between-rooms or 
with numerical methods (PeUetret et al. 1991; Haghighat et 
al. 1989; Jiang et al. 1992; van der .. Mau et al. 1992): 

In contrast, studies of airflow tluougb openings to the 
outdoor environment, whore stack flow and wind interact, 
show that it is difficult to Ullderstaad tbo flow rate (Biellfait 

: et ·al. 1991). Parameters in models for single-sided ven­
. tilation .are semi-empirical in nature aod have large uncer­
taiuti~. The usual assumptioos for single-sided ventilatiOn 
(BiC!Dfait et al,. 1991) are that (1) the effect of a steady, 
normally incident wind is aa increase of the inside pressure 
but it does not affect the bidirectioaal stack flow; (2) 
variatioilB of the. average pressure coefficient over the 
opening cause tWo-way flow that interacts with the stack 
effect; and (J.) pressure. fluctuatiOIIB increase the air change 
rate due tO the compressibility of the air. To model single· 
sided ventiiation numeri~ly, the simplest cases should be 
treated first, and so i.ri this paper we consider ool y the 
stack effect and the interaction with. a steady, normally 
incident wiQd. . 

Wind ~el and numerical studi~ ~ly concern 
isothermal airflow around buildings. 41 this paj)er, for the 
first time to the authors' knowledge, a numerical study of 
the interaction of wind with the bidirectional stack flow 
through a single opening in a heated cavity · is presented. 

Therefore, this work focuses on the simulation of 
airflow. in a room with a heater inside and a large oP,Cning 
to the outdodrs, with emphasis on the representatio~ of the 
main flow without considering the details of near, wall 
flow, heat transfer, etc. The boundary condition for the 
free atmOsphere at the boundary of the calculation arid is 
discussed. The calculated flow field of the rising wami air 
plume without wind is compared with analytical predic­
tions. ~ veiocity field in the plme of the large opening 
is calculated in two and three dimensions and compared 
with .simple analytical models based on the Bernoulli 
equation and with experiments. Finally~ the calculation 
doa:aain size is estimated, which i.s needed to. yield reason­
able results . 
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Numerical Performance 

Two convergence criteria have been applied: 
~ r · 

• The SUD,\ over all cells of the absolute values of the .~ 
residuals of :Equation 1 should be smaller tban 0.01l% · 

~ - , ... f ' ~ . 
of tho mam fl~ of the corresponding quantity +. : 

• The overall mass flow error, defined as I .M,. - M0~ I · 
IM,. where Milt and M0111 are mass inflow and outflow 
through the boundaries of the whole domain, sbould',be 
typically < 0.01 %. --

ei ·~ 

The final (converged) flow field, judged from the 
visual appearance, is usually achieved about 10 ti.m.es faster 
than the above criteria are met. The sweep (i.e., one 
iteration of all equations for all grid cells) number needed 
depends on the cases. Problems with wind typically off~W .. 
a convergence five to ten times faster than those without.1 

' ' ~ ~ SIMULATION RESULTS AND ANALYSIS 

The final intent is the modeling of the two-way airflow 
through a large opening such as a door or a windo~. While 
the full problem would require treating time-dependent 
flow and temperature fields (stack effect -plus fluctuating 
wind pressure), the Sf<>pe ·ortlie present study is limited to 
(1) the modeling of the free "convection case f>f a hot air 
plume flowing out of a large opening and (2) the mixeQ. 
convectionrtlow due lfl a steady win~ llOIJDally incident Qn .. . ... .... - ... ) { , 

the opening ~f &.heated roc:yp w~th, ,.pe h~ter inside. · ·· 
We coasid~r th~ ~ ~f ~ ··,ooin , ~j'tb. . ,.' heater con­

nected to the atmoSJM!ere hi)' .a doo~ (Figure. 1). Warm air 
leaves the room through the upper part of the opening and 
cold air enters through the lower part of the opening. The 
warm air rises outside as a thermal plume due to buoyancy. 

Ali a firSt test 'of.tbjs large opening simulation method; 
tlie numerical cafciilatioh:of su~h a· plume alone without a :· 

b~d~,~~:~omp~ ~~i~ simple ·anaiytical --models.~~-!s 
d1sc~ lD the,.ne~t, section. The following section 
expands ~s modeli.Dg' td a roo1;11 w!tJv b.uilding, with and 
witho\lt... Wino; in two Jl04<~dimensio.:m. ·The"resu1ts'are 
compared- with·& simple analytical model and experimental 
results at the opening cross section. The next section 
descrioes an investigatiOn of:.the"·\minimum calculation\ 
domii.n' size'·Decessatyi.to yi~ pro~r•.resuJts ,at the lowest 
computation 'tinae. ·• · ' ·~ . : .. · 

.'.$;; .•.-til 

Free Plume ·ea•s· ' 
t · . .. : 

· ·~ For the·then;naJ plume aoalysis;-.oQ:Jy_ ~ convection 
caseia· withollt-. wm~:were . ~asiderect;· ~-tbt .the geometry 

1The simulations were done mostly on a compl!¢r with about 4 
MFLOPs performance for the implemented partly vectorizcd 
CFD code. A two-dimensional 46 X 46 = 2,116 cells case 
without wind needs about 10,000 sweepa to converge in a time of 
7.5 hours. 
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Jfigun 2 Sketch of a buoyant plume from laminar to. . 
turbulent region. Shown are tM IMQning o[ 
IM ha!f-wi.dth of tM profile across IM plume 
of IM vertical vt!locity component and the 
virtual origin of the lineal' ·spreading of the 
vt!locity profile halFwi.dth of the turbulent 
plume. 

chosen as simple a possible so the plumes can be studied 
undisturbed by obstacles and other influences. The cases 
are two-dimensional Cartesian"'and axigymmetric and three- 'i 

dimensional Cartesian. \: ... 
· ~ Analytical Plume Laws Figure 2 shows a sketch of 

a plume with a cros8 section of thelVelocity profile. For the 

zone .. ~f . ~"~~ ~ev~lo~ turbulent flow at iso~ermal 
surroundlD$Si ·ansJytlcal plume laws can be dllrived. lhese 
la~s' ~ Dat:lt'to· 1941.' (Scfunidt)' and :tre- · reviewed for 
di~e~~ ~by Cbea ·and Roai (1980) and ltodi (1.082) -
wi~ j~·~mp~so'n to mCfasuremedts. !I'h~ dependences-are 
sho\\'il to TaJ,Jt?'f; ·,the analytic!at predictions, io"1b.lm, are 
w.eU 8uppo~ by'ijxpetimenta1 dar.a ~Chen aiad Rodi 1989; 
Rbdi 1~g2.; Kofoed and Nie18erH990).'"- · · w · : • 
· · .. Free . Plum~l ·Two-Dimen5ioniil O.lbtesilin iifhe· grid 
~·w-~ x 34~ceUs aii'a"spans 6t llin' x •tlOO M (200ft 
X ' J28 ft), ho.nziJotally and veitically/i"espeefi~ij. The 
gri~ disiri~udon Is inaicated · by the distrib\ltion of tbe 

'f'. io.i'JJ H , ~.~ ~,~ , i~ ;._· "> ~.:~.~.i.. ~ .,-~ 

, .. -- .. 1 • • l ;~ 

~T I . :r· ;_ e- T~Il,ir,1 ::t.r:h . 1. .,: 

• Pow., Law Qep~"'caa · ~ Fu~cd~s of Hei~t z 
:r T'. "· for t_h• ~ fU•.,of m• Tur!l.~lent Ptui!le 

• I 

~ :_, I ' 

Two-dimeriBionel 
plane 

'Axisvmmet'tic; '· · · :. 
.~three-dimenaionell 1 · 

· Niik ·.'.;.' ni·t~:., rl' , . P.eak 
V•locil'f P-t-otlltt :. T~~~ature , 
>:>r ' ~elf-Width ~ ·- .' 

' . - ~ ~~ . 
NOte: The tilde t- I meen•• ... i'oportionll tP'' lafter·Chell •nc! ll9,dl -,· 
1980; .Sohmidt 19411. . 
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Figure 4 ' Case Lq34. a)' .P~ak value. and profile half- , . 
width of the plume velocity· as fundions of 
height. b) Peak value of tht! plume tempera· 

·· - ture as a.funaion ofc}Jeight. ,;·· ;;. ·. ·' . ' . • 1 ., .. .1• , f ' ) ... ,.., ~. 

(7 .2 ft}"bigb (see Figure 6~) .. A 0.~ ~ (2 (\);.!pgq ~~r~~:·.· 
50°C ~l22°F}· in ·UltL~rner .opposttq. the., lioo.~. ~"-~~- ~ .. ; 
airflow ·in die room .. • ~ .. geome~ was ~~ b>; ;1 
preliminary wind tunnel J~lt~ts sho~~&. inte~~~ 
effects. The:~rid has~ ?6 ~. c;eU!! an~$})~ 3~ m ~~ 1~.2. 
m Qlll a, lX 237 ;:j), '·ho.tizoi\~Y: .~ ;V,rtical~1 ~; .. , 
tively. Figure 7 shows . .thCf.;-tlOW field a,nd coDt9~ ,of:'! 
temperature,J\&rbul~t cp,iftgt,!JUld pressu~·:. ,, 1<( ~-

Fi~ ~:show5z,~9,d~~ of ~e~itY ~-..~at~ . 
and prQtile ha.lf-wid~ as ~tions of tb~J\e~,~.~t f~f.tbe me 
convection.~ (qo wind) •. .Tbe profiles are~~--~ _as !p 
the free plume case described above. The plume is tilted in 
the first 2 01 (7 ft) above the roof a little bit to the right, 
probably due to th~ fact tbD•Iir the first 5 m (16 ft) more 
air is entrained f'Mm the JeftLband'Side' fban fMm 'th& right• 

;and side~~d the ~~9£H~.i!Y. .t¥A~~~!p~.ft.?~ 
the left is respouible for the .lilight tilt. Ap,~ from diat, 
the diffe~- geomehital conditions in the lowe!lt part of 
the plu.mo.do..D.ot~mrtct:~h~_ge the plume shape ~ve as 
long as the plume ·buildup is not distu~ by. other pb-

stacles. __ . ·- ·. · . .-- ·.- •. . ...... . . .. . _ .. 
1: For the wind case, ~e wind speed was ~;wuformly 
~. l . mls atth~Jeft ~w.!~.t. w}.thou.Ltak.ln.g into account 
~ wind profile near · the ground that will be part of futij"' 
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:1grid ;Jtas 46 ,X ~~ pells and: .JP4"l:r 34um ·. x 
72.2 m (111ft X 236ft), harizlNIIallytand 
vertically, respeaively. b) Three-dimensional 
large opening case. The grit;b.bqs 41 x 31 x 
31 celLr and spans 34 m x 25 m x 18. 7 m 

··(111ft X 82ft.-~ 61 ftA X!. 'YI' and t.; reS'pec· 
tillft~· 17W'.shown:grid ~illion.. aroun4 the 
building. .. alsJJ .QTJPJJeJ_ ill. thi/-DY,o-dimefl!iqnal 
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r•tma:dnuu" yalue 0.19§otrhsZJ~.0)3 ~ls2). d) . 
', "~~rue. C(!nlou':, · u~its :f.!} (J.,Pa = 3.4 x 

. ·~. ,_ .. . 10 nPSiJ. ,· _. ,.. _,·, .. 
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analytieal ~~oulli model . .. ljt~ latter~ a common tool in 
the litenrture tq, io~~t1~xperi~~tal--data ,(e.g., Mahajan 
1937~ .. Pell~ret et _ al. 19.91), ,an~ 1 it is alsp . the type of 
algorithm used ~. QJulti~ne ~rtlow mod~l~,{yan der Maas 
et ~~ol:• 1992); WJriJe the Bemqulli algoritb.n.,l gives the right 
order of magnitude of the velocities !n.-:the 'vertical mid­
plane of the opening, data are often fitted using the 
diselilrge•-·~fficient--as ~a-- ptrlimeter.:. 'Even ·wben •i:tlre 
verti~l te'iilfieMUie gral:lleots in 'each :ZOll\5 are taken <into 
~1(lfits -tif Cliffe~nt'· e!ipeririiebtal '· datii '~ts ad(f~ i~ 
B~moulfi mOdelllbow a'qarge' spi&d ;in--Value81 : •,(1. 
-i.' -,. Figure 9a sbbws the calChhUed v~ocity distribtition in 
the "door ''8Hfie'two-dimeuidiiai ·Iarge:.Openin·t ·ciiSe, lftid 
Figure 9b sbm 'in ;ufovemew the v~lbcity:pro'files in t~­
~O:.· ; alid :lhleie"dim&sioni&l -~. ·together.Witb fan ex­
periblentaf:set--of :data''tcdltUStrilte" the agreement of the 
&.icu1ated sbkpes -»ith · tlie~~~ri'meiital ones. •'::!. 1r;~ . ·i 

· ..- ~It is'·interes"tilig:.to co~pim!T for. the~eases"pte'sented in 
Pi~tb 6, the ica~culate(ft.yelbcit}l' · j)rofiles -1n the opening' 
with the p~iction of the Bernoulli m&iel· (Fi'gUttf 1 O}:':rtte 
Bembulli':1velocity ·fs' calculated ,;fur zone tempe'filture 
profiJ~~ 1'i<z> iuid 'T1(t)'~m':'' 1 ~r· -· : _ :1" - \;;j, · . ~o•: 
.: :·· J1;. ·;r . .. "n :·.,-r. ~-:-r: .····~L . . :' .. :' ~ t ···. .. ·: ... )~ · ;.J<= :·l';j 

• i " t, .• , ::;;,.. ...,_~ , ~ ~ .• ~~r- ,..~ ; .. : ... • -;;,,: •• s::.·~.1.- .• - iU\ 

n·· · v(-t) ::1- cd {J-g(Tf(z):'-'- .T{'(·z))l(:Z''"frz."·)·/;T .{~) 
•• !:- • ... ' ;;· .. ·····~. "':i ~ ·, I &...~ ·.•. !' '"· I~ ! 1 ~.o'" ;, --3 

wh~ cd i~'tbe : diS:(:harge coeffic~erit; and z;; is therrieutnu 
level . of the:,; bidii'ectioriAJ flo~'::; ru ~·eai'Cliliiie'K z;;;- oUisS 
"0 1· :, " . .J; t L· ··. J p: ·o.r ;..~;· . ~)·.,r: 
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~ - iliinen.donal -casl! L(J)34."! b): CiJmparison of 
calculated two-dimensioiflll aiid1 three-dimen­
sional velocity fields in the opening with 

~· ·:~~illal-: diiitz from MbMjllh (19li7);•-•; 
- . "2D"·mtuiir.fL'Htwo-diml!ii310hal" and"'"JD~!:: 

~;1 : mean.r ·• ''threiklimensioMl. "! )~~; velocuy· 
. :; "-' value:ijrom Mfihilj~m are scaledl7y a coliirliiU 

· · ,:J; ·: faclbf:Jin order ·toicompare ·'rl&l sluipe ·of the ·:· 
·. -.-~ ·· · : ·:c-· profiles~ ·.c' . .U..:2cr• .. . -. · .. 1. 

.:. ~n: c?_-· .~ )! i .!..·.. . ~;·: · .. . n~:.·tF; ~. ; · . ·~1; 

conservation,.@ req~.-j,~, the jllc~g·••,uJ. outtl~~~ 
~ bay_~ -to ~ the~· ;A.cl!f*lcu~.l:}; ~~o app~yiP.g ; ,the 
amPYJicat ~~-to; ~~ IJP~tj~h~ i~ the .,yariaqo,~ ::.'?f 
the te~relprqftle ~ver the1~vity.J~ngth (Fi~res · 19~ 
apd 1~). This i~ a w,ell-kne~P.r<?.blem (qr ~e ~tetweta­
~~09 Of ~lt~llleD~, 0~ solVed by e~rimep.ters bft 
~g aq;•vcrage ~~ue,for: ~te~ratu~ •~ .:;~ 

~ The~Q.Jplest case is"'~ere. the . .insid~t,tepJpefl\~ ~­
takeq,-,to .. ~.MO-iform an~L'WM.~t -~.4:~e discharge coe{-::, 
ficient is given 'by 1 f!Jq._~pt~!i~~ ·~t'.fi9i~t : for a,:.~ 
()rifice, C4 ·= P.~6l.:r.The; ~~Jhen ;predi~ts a.,~lic 
yelocity profile .f~:,wJUch .the1 .derivative ,d~~/dz ~- ~e 
\).~t~ .~l~-el ~is .inprutp,. IX'• . .,.,~ · · ~ . _ . . .. , ·~q . _. ~ , 

<r · . ~ fipres 1~0b ~d 1l~)he velocity profil~;:foqbe 
two- and three-dimensioQ!ll calful;ati<Jns~~ co~1~itb 
the Bernoulli model velocities. The apparent fit is artificial, 
~o~ever~.J~a~ it ~~-n~ to use a particular 
tempera1ure profile (~-;FigQreS 9a .and 9c) that;does not 
correspond to the actual temperatures in the cavity (neutral 

~e,v~J -·Zn . = 1.2; ~ -?r. ~ ~;-.~iscb~~f ~ffi~!e~t of ~-d. . ::'= 
0.7:i tem~~~ -~~en~ ... S:ho~J?,;,.. ~ - Kim or ~.~4F/ft 
[two-dimensional] and 3 Kim or l.6°F/ft [threei-dimeri-

sional], and tJelow Z;.) 0 Kim [two-di~o~ij and 1 K/~­
or O.S3°F/ft [three-dimensional]). It is intt~ing to note 
that a large number of experimental data co~nding to. 
a conv~tively heated cavity (e.g; ; Figure -911}· data from 
Mahajan 1987) give a nearly linear variatiooi.l?f l'(z) across 
the neutral level. This feature is also shown by the numer­
ical calculation, presented here, -while- it :~ly can. be 
obtained from a Bernoulli-based mooet~.tpe denv~­
tive of dv(z)/dz at the neutral level · is .. idhriity'::for ·.the 
Bernoulli model wiPl a line!ll' te.u~e sttatificatioa . 

.For_tbe_wmd ~. exP,rimenfiJ: aat:a o.~ singte..sided 
ventilaif6ii"tbrougiJ a windowi sho.;:-~tlie~ . i~ a win4 
effeet , but ~..W~hanism is not well kn9wn ~fenfili~ et a1:· 
1991; van :aer 'lda&s et al. i992).4)ie Usual assumptlcin i~ 
~ the effect-ofasieady 1 nomialty incident wind is ·a.o 
increase of the inJide pressure, but no flow increase would 
occur. However, De Gids and Pbaff (1982) correlated a 
large number of single-sided ventilation data with ; an 
empirical relationship of the form 

VYL ._j v;,~:k + cw v!ind + c~ '\\·' 
:(5) 

--- - ' ( 

wb~ m ~n:ect~e .V~ity, vtJt is defined. as~~ ~~e 
ropt..of a .. :we•g6~~,nu_m oJ the sW;L.!m_d w1.0d veloc1Ues. 
The ~ind fitting parameter, Cw, va~te~ 0.04 and 
0.003 (~an _d~r Maas et al. 1992}, and- c, rep~ts the 
tuffipleilce of the wind. Preliminary wind. ,t!J~el ~experi­
meilts· '61ra · ~reatec~· ·scaJe-modeHnd'eed show -!:hat-under: 
normally incid~nt wind Cw was significantly different from 

ZetEQ.;: •This feature :J!; .a,I,S}l. :~~.bitec! by the three-dimen­
s~~ts but no\;P..Y~1~ ~q-:dimensiQlWI. calculations . 
In ~·.fOftner,pase, a wind .fit~.~oefficie~~,~f Cw = 0.06 
is estipJate(l for the ~-descqbeq ~lo,w,,., .~ 

l.arKe Opening, Three-Dim~ional iThe room is 4 
m (13.1 ft) long, 4 m (13.1 ft) wide, and 3 m (9.8 ft) 

~~~· wi~ ~.~!?Or 2.2 m (7.~ ft) ~gh 
1
apd .l ... m ~3.3 ft) .~ide 

(see Figure~). A 0.6 ~1 (2' ij~1 1iiglf and 3m ·(9. 8 ft) ~'We 
hea~ at , 50°C (122~11: in tfi~ &Iifiet. o~posite the :lf&d'r 
drlye8 t!i:ra1¥iow in the'rooui, 'ne 'gnCi hii'4f1x 31 x 31 

c~Ms and~~~{~.?: ~-~ ?<)~:1 .m (lll~ ft~. 82 .~-.:x , 
6-~; ft)t .xb,{;' ~· ~~~IY,. ~~-~~ · 's ~ f~symm'etn~ 
"'?:~ ·~t1 :~ ~,! :~~~~. ~~1" ~.~ m.d~~~~f ·th~u·oom.' 
but the full case was calculated rol converuence-With c:aseS· 
~~~eral _win<J}~ti6DS"(n6t~includecf h1 this pape'r'f. 
I:l~~ti '~;.t:;loorrie~~~~~tions of the flow fie1d fox. 
th!:',J:\¥0 ~. with and widiout wind of 1 mfs (3.1 fl;sj ~ 

il, -Th ' ~\ialu'atio~' !'Jf ' itj~l<~fibw' f\'elds at the d&ir now 
fi~j~-=~~t· 2d~· mo'te "d~n~~VfJi1M'W~:~€'win9 ease. 
F.f9iq~-~i~9ij f.\~fui 'v~~ ~~ ~"k ~~ o.4:1~s;: v.dl = r.2· 
..... , , d .. ,lJ.l3r 1 mi .~ ''· ~ "6f ·c : O'o6r· .. , . . 
~.r;:t~'ff:: _vwi~r,'F ·· ·: :.. · ~·a v ... ~u1 ...... ,· w.. :7 .: _ , 1,,s - ~~ ti • J • • ..U ''"' • I ~ • ,, ' • • • t 

.. _ tc·~-diat ~~n5iglfal ~efing~li ne&ssary ­
t~' ~:nparf'~itihlie~ 'tii·j,erime6~11i'lnis ~· Tmf dngin 
for ~1.'! differenck 'iiiust ~': &'iermined 1b~ futthGf! Wives·· 
~s.87JP~.~~·-#i~~~~fue~~· -~~~~~~r& .~n -~9u~4 
tle that the beater Width IS longer tJian ti/e 'door W&dtb. 
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Figun 10 TwQ;'!iiml!o,r}o~ c,ase_: !J) Cal£i4l¥ed temperalure proflks a1 twa-plani!s (s~e Figure 9'a/ and profile chosen for 

the Bernoulli equation 4. b) CaJculaled velocity profile in tlie opening•aNfiJroflle deiiVedfrom the Bernoulli 
." I ~qlidtibn ·4." c) aiid d)·iiret.ai a) and' b./lbul for the three-dimensional case. Note, thai in Figure 10 the z axis is 

1
" ·: ·:no'rlzonial dfid .t'lie velociiy':ifkn is·tlrdifged, as oppo.sed..<Q. Fig~ 9b;,,"2D" means "two-dimensiona,!" and_ 
uo... :.:..;'3D '; ··a -.·, .,h -d' . naJ "" ''ll .. .. . ~--~· .. ·. . . , , ~ , \ :, ., means t ree 1mens1o : I • '' • • _ • • • 

.. : • · i~ J. \ 1\ .'} •..-: ::t !. • . ·. ~, . ... .. , : f ~ • . . 
' 

:i. ~'- J;:-;;· _d . ~ ..: ... r..:. .. -· • 

Small Domain Calculatiori '.of4:arge; QpeniJtg ..cases 
!;i;It is' not 'd~table ·for'a~ulation ap~lication to li'ave · 

a liuge·'·calclilatioo" dofuabi ~tside-~· the' mti'e:rof: 'IJiterest. 
Then!tbte, iPwalcotf.SideteH hd'W· sinall "lbt•..Ooter't.6iie~ 
be'~hosen · whil~ SfiU yi~lditig the saine re8ults in tb~ ·mne 
of interest This Uivestiga:ti<ftl luiS -eben d<me~up= to now for 
the two-dimensional free convection large op;bibg ~ of 
Figure 6a without wiiid plus·!JeVerid Odier'eases.• ·: 

., .. , La.rge-·::Opening, · N&-Dlm~idnid' ' ' Iif.Ftlie large 
o~ning case descr:ibedfl labQW, ti'f · wa8f,:fo'tun1 thaf the 
calculation dcim¥&io must lie · exteiitltld lo· ' the outSide by 
a~ut· Yialf the openin'g heighflin ·IOtaer to yield1¥t~I.Same 
flow pattern i:ii ttie'tOOih rat tlie-wmijow~g aadrin the 
plume region inside th6 calculaliOn domiid'(H~, ·~ 
with.i.it.;~boul'"2\16 --9fvel~itj dirdcrioli · alitf 'Diagflibli.l~·: 

Figure 12 Stibwfi tlie:.. flow ·ptUiem· 'df!the "~uced 
domain" case, L038, compared with the corresponding 
part of case L034. Case L038 3!f~ldieb8idlil~J'ial~ 
extends with 21 X 16 cells over 6.5 m x 3.2 m (21 ft x 
10.5' ' ft)t an.d is otherwisdLequal :to .case" L034ir AJso, 
pressure, te.,-ature~ : arid tllibulence:· fields ant almost 

equal in both cases. 1 Y c-.· · ~ ' '· 

Therefore, very good results for the airflow through a 
large opening can be obtained, compared to ,cases With a. 
very enlarged calculation domain, without extending . the 

co~ion do~ vev; ,ml,lt;:h. How m\!~h ~s ~1~nsion 
sf.<?ul~ J~~ ... d~Qs a 1,1_1!1~ ) .it .. on · tpe · ·p~~{ell,!: ~ th~ .• 
·~~At>n~auf·~-~ with .~~~·?· the~ e~~nor ~ th~ 
doo~;~ h9.~x~,~~~st 9 !p oul§,i# '4t~ ifoor;_~ 
t¥.~ w~.~QCi~ P'f.>~te n_w.~~e ~~~m ~--~ui(¢.'u_p 
~ - in ~ re.(~~ ~ Lp4~. Of cp~~1 a 1 ~~ e~tp. _ 
domain oqtSi~n~r\~ul:d be .~fficjfUt if ,~~ : : ·.~ ,..~ 
wind veloc.!,t}' pi'Q6J~ .. can: be provid~ as ~t: ~un~· 
condition (which 'is probably seldom the case).-'r tt: 

-I ~· G~ly ~-g! .~ win#,~· .~,e-9~9-': e.xtra 
do~~~-~. tbe ~d~&;bei~~. ;'J/ o~ ,a ~?~ledge 
of ·~-I~ ~ velP,f~ profil~> If ~ C!?;Q~~t~ori large 
operu..g_.~. Jbo I~ !JJ the.;;~J.U:._1do~~-~~ set as 
about ~~-~~g ~ight. ~· ir·,,. •. . ~ .:.. iln 

Large Opening, Three-Dimensional q~e same 
~thQd ~'. aJSfl. -.~~i~.'"to ,!tl~. ~~imen~io~&:'-. cases. 
wath the ~ ~r~ ~~- -~·: r't·: '"_, l .• . .. 
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