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SIMULATION OF AIRFLOW THROUGH
LARGE OPENINGS IN BUILDINGS

A. Schaelin, Ph.D.

ABSTRACT

The coupling of indoor airflow to the ousdoor flow

through large openings in buildings thas allow bidirectional
flow is of considerable interest for many applications. In
this work, the airflow pastern has been calculated for
situations in which warm air leaves a room through the
upper part of the large opening and rises as a thermal
plume, with and without interaction with wind.

. Both two- and three-dimensional CFD simulations of
the velocity and temperature fields -in a thermal plume
agree well with the analytical models. These, in turn, are
well supported by experiments. For single-sided ventilation
without wind, the velocity profiles in the doorway predicted
by CFD have features that are well known from experimen-
tal data but cannot be found in analytical models. With a
normal incident steady wind on the opening, an increase of
the convective flow is found in the three-dimensional case
but not in the two-dimensional case.

At the boundaries of the computation domam cor-
responding to the free atmosphere, a zero pressure gradient
boundary condition was found to be sufficient to avoid
unrealistic recirculation. By proper placement of these
boundaries around a heated room, good numerical results
can be achieved for a computation domain extended only a
little to the owtside of the room.

INTRODUCTION

Interest in simulating 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 (Jiang et al. 1992), little computational

work has been published so far for the CFD modeling of

airflow through large openings with open boundaries,
particularly for free convection cases without wind. In such
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situations, the computational grid has to be exteaded from
the room through the opening to the outdoor air.

A number of experimental studies have shown that the
airflow through doors inside buildings is reasonably well
understood and can be modeled both with simplified
models using the temperature difference between rooms or
with numerical methods (Pelletret et al. 1991; Haghighat et
al. 1989; Jiang et al, 1992; van der Maas et al. 1992).

In contrast, studies of airflow through openings to the
outdoor environment, where stack flow and wind interact,
show that it is difficult to understand the flow rate (Bienfait

.et-al. 1991). Parameters in models for single-sided ven-

tilation are semi-empirical in nature and have large uncer-
tainties. The usual assumptions for single-sided ventilation
(Bienfait et al. 1991) are that (1) the effect of a steady,
normally incident wind is an increase of the inside pressure
but it does not affect the bidirectional stack flow; (2)
variations of the average pressure coefficient over the
opening cause two-way flow that interacts with the stack
effect; and (3) pressure fluctuations increase the air change
rate due to the compressibility of the air. To model single-
sided ventilation numerically, the simplest cases should be
treated first, and so in this paper we consider only the
stack effect and the interaction with a steady, normally
incident wind.

Wind tunnel and numerical studies usually concern
isothermal airflow around buildings. In this paper, 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 opening
to the outdoors, with emphasis on the representation 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 grid is
discussed. The calculated flow field of the rising warm air
plume without wind is compared with analytical predic-
tions. The velocity field in the plane of the large opening
is calculated in two and three dimensions and compared
with simple analytical models based on the Bemnoulli
equation and with experiments. Finally, the calculation
domain size is estimated, which is neuded to yield reason-
able resnlts
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Numerical Performancs
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T\m convergenee; ‘criteria have been applied:

¢ The sum over all cells of the absolute values of the
mduqlsof‘équauonlshouldbesmnlleﬂhm()m%
ofthemmﬂuxofthocorrespundmgqumuty‘b
*  The overall mass flow error, defined as | M, — M|
IM,,, whmﬂhmdﬂa“mminﬂowmdomﬂow
through the boundaries of the whole domain, shouldbe
typically < 0.01%.

et
The final (converged) flow field, judged from the
visual appearance, is usually achieved about 10 times 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 offer.
a convergence five to ten times faster than those without.!

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 window. While
the full problem would require treating time-dependent
flow and temperature fields (stack effect-plus fluctuating
wind pressure), the scope oﬂhe Presmt study is limited to
(1) the modeling of the free convection case of a hot air
plume flowing out of a large opening and (2) the mixed
convection, flow due {o a steady wind normally incident on
the opening of a heated room wg.th l,he heq,ter inside. '

- We consider the case of a room with a heater con-
nected to the atmosphere by a door (F;gura 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.

As a first test of this large opening simulation method,
the numerical cafcﬂlmon of such a plume alone without a
building, - ‘compired “with simple -analytical ~models; is
discussed in the ‘mext_section. The following section
expands this modeling to a room with a building, with and
withoyt wind, in two and thrée dimedsions. The resuits are

compared with-a simple analyt:cal model and experimental
results at the opening cross section. The next section
debcribes an investigation of'“the‘minimum caléulation’
domdin' sizé ‘necessaryito yleld pmper msults .at the lowest
computation time. :
g ady : egigeie gfber g
Free Plume ﬁaﬂs W B R e R
% %

* For the thermal plume a.nalys:s,xouiy free convection

cases- without wind-sere considered, with, the geometry
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!The simulations were done mostly on a computer with about 4
MFLOPs performance for the implemented partly veotorized
CFD code. A two-dimensional 46 X 46 = 2,116 cells case
without wind needs about 10,000 sweeps to converge in a time of
7.5 hours.
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Figure 2 Sketch of a buoyant plume from laminar to, .
turbulent region. Shown are the meaning of
the half-width of the profile across the plume

of the vertical velocity component and the

virtual origin of the linear spreading of the

velocity profile half-width of the turbulent

plume.

chosen as simple as possible so the plumes can be studied
undisturbed by obstacles and other influences. The cases
are two-dimensional Cartesian™and axisymmetric and three- -
dimensional Cartesian. ¥ oW

‘- Analytical Plume Laws Figure 2 shows a sketch of
a plume with a cross section of the:wvelocity profile. For the
zone of Fully developed turbulent flow at isothermal
surroundmgs, analyncnl plume laws can be derived. These
laws' date back'to 1941’ (Schmidt) and uré reviewed for .
dlfferent ca.ses by Chen and Rodi (1980) and Rodi (1982)
with a cnmpsr;son to méasurements. The dependences-are
shown in Table*1; the analytical predictions, insturn, are
well suppottéd by ‘expetimentsl data {Chen and Rodi 1980.
Rodi 1982; Kofoed and Nielsen 1990).% g
" Free Plumé, Two-Dimensional Cértesigin *The gnd
us‘é*d Haé'4S X 34°cells anid spans 61%m X 100 m (200 ft
x"328 ft), hodz:dnully and veértically;‘respectively. The
grid distfibution is mdlcaaed by the dlsmhmwn of the
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s H o HTABLE J gt
Powpr Law Dependences- as Functions of Helght z
~ - for the Profile of the Turbulent Plume

Turbuleit ' " Paisk | Walodfty. | ¢ Peak
r L Plume | Vmlocity Profile | Temperature,
o _ | Half-Width s ¥
Two-dimerisional const d=z sl g~z
plane
‘Axisymmaetric ' - ~z= KR i~z i | ooz 8R
Athree-dimensional) ;4 S 5
Note: The tilde (~) mesns: “groportional to’' (afterChen and Radi
1980; Schmidt 1941),
= p—




Jat width (m) Peak velocity (m/s)
T 1.40

12.00 T S SRE - o)
. + 1.20
10.00 M Case LO34
o 3 g 1 1.00
8.00 + ,ﬂ'
d a Jﬂ width \'l(’ﬂ}
> 1 0.80
- ; s Ty ] Tnnd weg'z+b
n, i+ 0.60 ap
| aak velocity (m/s)
4.00 U
de + ’n.u
2.00 n’ﬂ + 0.20 =t
' o . o e .
0.00 + + 0.00
0 to 20 30 40 S0 60 70
Heignt z (m)
DellaT (°C)
500 "oy b)
ot & i 7
{ it " il e f
SEST c LO34
ase
a0 + "\‘
a.60 1 ‘}\ ¥ wr = Date-T
- % " x - .-
2.50 1 % \\ e ' - 1/z-Fit
2001 R =
“1.50 +. " c
00 : gl ""“-...
00 4
. H ‘-"""-I-‘
0.50 + g
0.00 - N
0 10 20 ao ¢ 40 50 lﬂ.‘ ] 70
Height z (m '

ngm.t ¢ Case LO34. a)mmwuproﬁkhay ;

width of the plume velocity- as functions of
height. b) Peak value of the plume tempera-
% . ture as a ﬁma’lon of theight. i i

(7. ZR)thh(seathure&) AOGIm(Z ﬁl)lu
50°C (122°F)-in-the.corner oppositg the door rwes lhf

airflow ‘in the room..: This- geometry was ,tnspu-ed by.d'
preliminary wind tunnel experiments showing interesting

effects. The-gndhns%;s%qeﬂsandspmaumxni
m (111 foX 237.8), horizontally. and vertically, respec-

uu..'

tively. Figure 7 shows the. flow field and conl.purs of £,

temperature,, turbulgat energy, and pressure, .
Figure 4 shows, the dependence of vel,pcnty peak value
and profile half-width as functions of the he;ght for. the free
convection.case (no wind).. The proljles are the same as in
the free plume case described above. The plume is tilted i in
the first 2 m (7 ft) above the roof a little bit to the right,
pmbablydnstothcfactthiththeﬁmi m (16 ft) more
air is entrained ffom the left-hand side than from the right-
hand side, and the caréspondingly Higlier momentum from
the left is responsible for the slight tilt, Apart from t ‘that,
the difféerent geomeéfrical conditions in the lowest part of
the plume do_not seém:td change the plume shape above as
long as the plume buildup is not disturbed by. other pb-
stacles. B
¢ For the wind case, the wind speed was set uniformly
to ] .m/s at the left boundary, without taking into account
awmd profile near’ thcgmundtkatmllbepartoffumty
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Figure 6 -: a) Two-dimensional lgrge Ope,ningp,mgg_.rl?)e
s1grid has 46 X ;46 cells and.spans; 34;m. X
72.2 m (111 ft X 236 ft), hgrizontally .and
vertically, respectively. b) Three-dimensional
large opening case. The gridshgs 41 x 31 X
31 cells and spans 34 m X 25m X 18.7m
o UL 82X 6] ftly x, y;and 2, respec-
tiviely: Theshewn-grid resplusion, around the
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Case LO34."a) Velocity field. b) Temperature
“ dohtoury. ¢) Turbulent'“energy “consours;
" \maximum value 0.16 m*/s® (1.7 f*/s%): d)

Pressuré contours, unirs Pa (I Pzr = 34 X

IO"‘ps:) ¥ o ol |
mveat:gmon.s Fncum} s; U:e ground causes a more
realistic profile after about 10 m (30 ft). :

Thewmdcaso(Flms)showsthuthethermafplumb
is blown away by the wind. The pressure, mnbum in lhe
summmdmgs qf the hov show a dlsmbunon sumlar to the
pressure distribution around a closed cube u: the ¢;
wind. The conyective flow With wind turns out to be 1095
smnllarthanmthofrae convecnoncase ;

.. Comparison with ' 'Rem[ts on S'ingie-
Sided, Ventilation As long as there is no wind, thehvd-
way statil; flow l.hrough a sq:gle opeiing connectmg_ two
zones in a buildipg js sm:u[nr to“gl‘ie two-way ‘flow tﬂm::;h
a window between a single’ mne'and l.he almospi:e A,
large nu,mber of expenmbutal data on interzonal ‘flov/ are
available in the literatire. However, for a c&mpﬂ;zfon
between. expe ata and CFD cair.';uht;oqs, a
mmim,mpﬁw but only a féw aré’available
(Haghighat,et al, 1989; Jiang et al. 1992).

The velocity profiles in the doorway” Sbtained” from

CFD can be ,Forppnred with ve]ocmes predu:iad by an

Vg

Case LO42. a) Velocity field. b) Temperasure

Figure 8
W -contours. . ¢) .Turbulent..energy contours; .
. sumaximum value 0.198.m%/s* (2.13 fi%/s%). d)
P Pms.rure contours, units Pa (L.Pa = 3.4 X
N ) - N

amﬂytical Be_mouili model. The latter js a common tool in
the literature to interpret.experimental data (e.g., Mahajan
1987:. Pelletret et al. 1991), and;it is alsp.the type of
algorithm used in multizone airflow models (van der Maas
et al.»1992). While the Bernqulli algorithm. gives the right
order of magnitude of the velocities in.the vertical mid-
plane of the opening, data are often fitted using the
discharge “coéfficient as ‘a parametér. Even -when the
verti¢al tempefiiture grai:lienis in ‘éach zon¥ are taken ‘into
accunt, fits ‘of different eXpérimental’ datd ' séts add ithe
Bemotﬂhmodalbhowunrge spréad in-Valuest ¢ 57
""" Figure 9a shows the calculdted vefocity distribtion in
the ‘doof '6f ‘the “two-dimensidnal -large-openiny’ case, #d
Figure 9b shows in an“ovérview the velocityprofiles in the
two-‘atid ‘three:diménsional -cuses, together With“an ex-
perimenital s -of ‘data™to filiisérate’ the agreément of the
calculated shapes with: the ‘expérimeital ones. = 7t
"It is' interesting to comparé; for the-cases presented in
Figute 6, the’calculated''velocity profiles in theé opening
with the prediction of the Bernoulli model (Figuré' 10).The
Bembulli ' velocity i5* calcula:ted for mne “témpefature
pl’OﬁleS Tz(Z) mdnrl(z) from o R TR . 'm"
g B Ehald Ol Ta e T A o

o v(z) - chzg(mz) a". (z))(z T @

P N B

whege C, i§ the’ ‘discharge coefficient, and z;. is themeutral
Ie\rel ‘of the bldlractmnal ﬂOW‘ 1‘0 cafEuIdle"' ;- mass

= S 4 Ty g T



| 4 mahajan
< 20 (LO34)
a ap (La1)

@) Sketch"of } geome:ry wﬂ’h veétor p!ar of the
veiacf:y field in' the -opening Jrom the iwo-
dimensional case LO34.b) Companson of
calculated two-dimensional and: three-dimen-
sional velocity fields in the opening with
i - “experimental-
£ - ''2D"* mean3' Y two-dimen¥ivhal’’ and ‘3D
: °1meaiu ‘'threé-dimensional.”? YThe' velocity
values-from Mahdjan are séaléd by a constant
fm&ﬁm order fo compare’ Wib".rhape Qf the-
5 e M " profiles. - AR Y
"‘ﬂ P a0 iy L D905 4
oonservsuon is requuaed 18 the incoming:and outﬂg\\qu)
mass have to bg the same. .A. dlﬁﬁcultx in.applying: the
apalytical. model to;the gumerical .data is the variation of
the temperature, profile over the,cav:tythngd: (Figures. 103
and 10¢). This is a well-known problem for the mte'rppeh
tion of experimental.data, offen solved by experimenters by,
taking anaverage yalue for the tempgratureg, .
« Thefimplest case is where the inside, s
takento be uniform and constant and. the dxscharge mef-
ficient is given by the. contraction. coefﬁg:gmt for a slm:p
orifice, C;-= 0.63..The; model then predicts a, parabohc
velocity profile for, which the, derivative dv(z)!dz at ,ll}e
nentmhieuel s infinite, e
< Im Flg_ures 10b and LlOgi the veloc:ty pmﬁles for 1l;e
two- and three-dimensional ca].culatmns -are compnmq‘}wn
the Bernoulli model velocities. The apparent fit i§ artificial,
however, because it was_necessary to use a particular
te:npenhm profile (see"Figures 9a and 9c). that does not
correspond to the actual temperatures in the cavity (neutral

level.z, = 1.2.m or 4 ft;-discharge coefficient of ffl‘:';ﬁ

0. 7.'-wmpag-pturq gr:dmts above 7., 6 K/m or 3.
[two-dimensional] and 3 K/m or 1.6°F/ft [three-dimen-

,'_"'

2

ddta from MuhBifan (3987)7

sional], and below z;, 0 K/m [two-dtmenmo ]and 1 K/m
or 0.53°F/ft [three-dimensional]). It is interesting to note
that a large number of experimental data comspondmg to.
a convectively heated cavity (e.g:, Figure- 95 data from
Mahajan 1987) give a nearly linear variation’of W(2) across
the neutral level. 'I‘h:sfeumrewalsoshownby the numer-
ical calculation, presented here, -while- st ly can be
obtained from a Bernoulli-based model b e the deriva-
tive of dWz)/dz at the neutral level is’ uiﬁhlhf for the
Bernoulli model with a linear temperature mnﬁcatwu

For_the_wind case, experiméntal data on single-sided
ventdauoﬂmough a window show that there is a wind
effect, but the miéchanism is not well known (anfa:t etal.
1991; van der _Mans et al. 1992).-The usual assumpt:cm is
that the effect of a steady, normally incident wind is an
increase of the inside pressure, but no flow increase would
occur. However, De Gids and Phaff (1982) correlated a
large number of single-sided ventilation data with jan
empirical relationship of the form

cﬁ { .tmck * Cw kuld +C, 1

where an effectwe velpc:ty v is defined as the square
mpt,of mwelghted sum of tho stack and wind velocities.
The wind fitting parameter, C,, vaﬂ&‘“bgtw&n 0.04 and
0.003 (van der Maas et al. 1992), and” C, represents the
mrhulence of the wind. Preliminary wmd tunnél -éxperi-
ments i a lRated ‘scale- model-indeed show -that-under-
normally incident wind C,, was significantly different from
zegn, ~This feature s also exhibited by the three-dimen-
sianak;results but not, hy, the twq-dlmens:qp@l calculations.
In the foemer, case, & wind fitting goefficient,of C,, = 0.06
is estimated for the case described below._ -
Large Opening, Three-Dlmenslonal The room is 4
m (13.1 ft) long, 4 m (13.1 ft) wide, and 3 m (9.8 ft)
high, with a door 2.2 m (7.2 ft) high and 1 m (3.3 ft) wide
(see Figure 6b). A 0.6 m {2‘?1? ﬁiglfnnd 3 m'(9.8 ft) Wide
heater at 50°C (122°Fj in thé, cbme; opposite the - déor
drives theau-howmmeroom. The grid hds'4P'x 31 X 31
ce]lsandspans34m X'25'm x 18.7 m (111'ft% 82 ft'X’
61 1), x, y, z, respectwely ‘The'céise is so far’ symmetrical
\\lgth r&a'pet;tJ toay pl?ne throug!il !]}e r.mddle "of the room,
but the full case was cafcuhtaf'f“r conveniefice With cases’
\g;ﬂl‘gg eral win ,d’uacnons (not included in this papery.
Figure 11 %ho some ross  Sections of the flow field for
the two cases, with and \mtﬁout wind of 1 m/s (3.3 ﬂ:d}’
The evaluauon of the “flow fields at the dd6r now
yields a‘;out 20% more convecfwe floﬁz“fﬁ'%e winfl case.
FrolqEq““l.onS:S with valugs v, m = 0.4H/s; v,p = 1.2
REVRT TR T
Vytagks apd Viind ™ 1. m!s,avaluaof('f = 0 is " és-
w 1] .
S .I} means that three-d"mens:oﬁal nl'&féﬁ‘ﬂg’“fs necessary
to compare wuh{tho ‘Bxperiments ‘i This dase” The drigin
for the difference’ mus bo ‘détermined ‘by furthér’ hves-
&qpn?h\:nh modified § geome'!ry “A'pssiblé reason could
, heater width is longer than tHé door width.
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P‘Egm‘e 10 ﬂvo-fdlmeasaonqi cau' a) Calculgtad temperature profiles at two plane.r (see Fi igure 9&:} and profile chosen for
 the Bernoulli equation 4. b) Calculated velocity profile in the opening-and profile derived from the Bernoulli
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equaan '4."¢c) and d) are'as a) and b)'but for the three-dimensional case. Note that in Figure 10 the z axis is

20
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Small Domain Calwlatmri sof-Ldrge' Opening: .Cam

““1t is not deSirable for a‘s:ﬁulnuon appli¢ation to have

a hugecalculation dofnain outside: the' zotié of “interest.
Therefore, it Was cotisideredd héw- small %-outer 26ne-can
be”chosen' whilé sfill yielding the same résults in thezone
of interest. This ifivestigatidii has been déneup: to how for

the two-dimensional free convection large opeiiing ¢ase of

Figure 6a without wind plus' severid otheicases.: °
" Large 'Opening, Two-Diitiensionil ' In*the large
opémng case described’above; “it was"folind that the
calculation domhin must be’ exteiided to 'the outside by
about- half the i opemHg height'in-order to yield the'same
flow pattern i the toom ‘at thié-window Gpeiing andtin the
plume region inside thé calculation domdid (**5ame’"ieans
withiii about 2% of ‘velogity direction aiid- ‘magnitude).
Figure 12 shows the*flow pattern of “the ‘‘reduced
domain’’ case, LO38, compared with the corresponding
part of case LO34. Case LO38 {is tvd-diriensiomalalgo;
extends with 21 X 16 cells over 6.5 m X 3.2 m (21 ft X
10.5 fty;: and is otherwise/iequal 'to .case..LO34.- Also,
pressiire, temp¥rature, and Hirbulence fields are almost

Eahzoma! and the velocity Sign is- Mged as opposea‘ to F;gm 9 20" means "nvo-d:mermona! 24 and __
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equal in both cases. ‘

Therefore, very good results for the alrﬂow through a
large opening can be obtained, compared to. cases w,]th a,
very enlarged calculation domain, without eilendiifg' the
compptation domain very much. How much this exmnsmn
should. be. depends a lmle bit on ‘the’ problem In the
“‘reduced domain’’ case with wu:p the area exterior to the
door. must bggxquedtoalmost iO m outsldethédoorso
the same wind wlqcxlupmﬁfe near the bottom can buufd‘up
as_in the refegence case L042 Of course, a 1-m extra.
domain outside, the ¢ door should be sufﬁclent tfthe "reai"_
wind velocity pmﬁ;g can be pmvldacl as t.he"go dary'
condition (which'is probably seldom the case).

- Generally speaking, in wind cases, the .extra
domain,depends.on.the building helglp or on a 'Enowledge
of the local wind vdpq,ty pmﬁle In free convect:ou large
opening cases, Jhelqgthofthaexmdomamcanbasetas
about half, the opening height. .. . e

Large Opening, Three-Dimensional ~The
method wps also applied to the threg-d:mensaonal cases
with the same pom,wq nwu.ll.s
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Figure 11 Velocity fields of three-dimensional caléula-""

tion, with some planes shown. a) Case L31
(no wind). b) Case L33 (wind 1 m/s or 3.3

fos from the left).
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It ha.s béen ‘shown I"or the first” tltne‘"ﬁ: the’ aum
l:nowledge how the method' of airflow paftéri‘catculation
can be ‘applied to the colipling‘6f ‘indoor “dirflow " tothe
outc[oor ﬂow ﬂnough latge %peningé*tiiat alléw bidiré-
uon:i ﬂow ‘In the descnﬁéd s:tunl’ions, wirmr aif leaves i
mom through tBe | ‘i’.lpper ‘part’of a lakge opehing ahd nses
as a thermil plume, With and'Without exterrial Wind.*

“In’ parucular, the fo!lowmg lus bam pomtedhut

e b TN T I L

cHim" A ey,

. CFD can be ﬁsdfdrptumedaic\ihnons The: inodel-
mgofa free plime geﬁm:&:fbya heatedt point or a
piane sho'v}vs vé‘q'y ‘good agreeftieiit ‘with the ‘arfalytical
predictions for ‘the peak ve'lociiy peak tefapeériture,
and velocity proﬁle half‘undtlr as ‘fanctions" of the
he:ght L 4 B : 1 -2 Ll A
“ CFD ‘calculation of lafge opéning$ in'buildings'shows
very good agreement with expérimental velocity
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Figure 12 Velocity field comparison of smqll and large
domain calculation. a) Case LO38; the veloc-
ity arrows indicate the full calculation domain
used. b) Case LO 34, zoomed view of Figure
7a; the dashed rectangle shows the calcula-

tion domam u:wd i F: plire 124. v } S|
VI oY e

o pmﬁl@s obta;ned from J.png-SIded Yentilation mea-
w -surements. The numerical, doorway velocity profiles
are more realistic than those obtained by.an analytical
Bernoulli model. CFD reflects a higher complexity of
real data and can therefore also be of great help in
"'Vllldltul’g wlﬁedvmd% IGROIST 0 o ol 1
. Care ;must, be taken, .however, . if pr-dlmensmnal
.approximations. are, useg, Lqrqgicrﬁto s&mglate the
- correct:hehavior of; the, throughput of air through a-
-door, or window as a function of wind speed a three-
dimensiopal,, calculatian , ml,lst be ,used wuql higher
. computation expenses. . ..
e To save compyiation expenses u is demonsu-ated in,
-this paper that- ,excellﬁqt tmgls can be obtained; for’
.cages with large openings;in; buildings for a com-,
putation domain that.is extended only.a, little tc I.llm
«-putside of the mpom., In. free convection cases, the
length of the extra dgmn.pap Jbe set to about half the
- ~opening ; height.., In .wind, gmﬂjthe extra. domain
nqussmy depends on the bud({mg,helghtro; (m1 kqul-
i gd,gg of.the-local wind yelocify, pmﬁle &
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