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Abstract

Algebraic multi-zone infiltration models {(e.g.
COMIS, CONTAM) have been developed o pre-
dict air Bows and contaminant transport in com-
plex buildings. However these models assume that
each building zone is a well-mixed volume. This as-
sumption is oot appropriate o model large indoor
spaces,  We deseribe two simplified approaches,
called zonal methods, to describe air lows in large
indoor spaces, inlended to provide an inprovement
over Lhe well-mixed assurnption.

We compare velocity predictions from differ-
eot formplations of zopal methods and coarse-
grid k—e CFD models, to measurements, in a 20}
mechanically-ventilated isothermal room. Qur re-
sults sugpest that coarse-grid CFD is a better sito-
plifed method to predict ait Dows in large indoox
spaces coupled to complex mulizone buildings,
than are the zonal methods when airflow details
are tequired. Based an the comparison of pressure
predictions {rom the different models, we propose
a way of coupling 2 madel of detailed aicflow in
large spaces to an algebralc multi-zone ifiltration
tooded,

Key words Indoor air; CFD; wonal, air flow;
simnlation.
Nomenclature

a2  walocity profile parameter {a = 1/7)

'  empitical ‘permeability’ coefficient
[t Pa~t]

§  gravitation acceleration [m - 573

E,  coefficient defined vniquely for each cell
position with kg =2 4/{dn; — 3} [or central
cellz of odd meshes or &, =2 22, — 1) for
all ather cells

n power-law coefficient nsually taken as

= 0.5 [or turbulent fows
n, cell position index n, = 1,2 3, ... relative to
the nearest wall surface
¥ pressure in eell © at the altitude z; |Pa)
S aurface area shared between cells § and 7 [m?]
w  width of cells § and 7 [m]
2y altitude of the center of the cell 4 [m)

(Treek aymboly

As  height of cells + and 7 [m]

K universed constant with an empirically deter-
mined value rangiog from 0.36 to 0,40

g owvernge density of air in the two adjacent
gells [kg - m—?]

e Gimesmoothel shear steess

1 Introduoction

Indoor environment design requires detailed in-
formations abont air distribution, such as airflow
pattern, velocity, temperature, humidity, and pol-
lutant concentrations. Because axperimental maa-
surement cannot be & practical design tool, various
numerical methods have heen developed to gimu-
late the indoor environment. A popuolar approach
of computational simulations ia the Computational
Fluid Dynamics (CFD) method. Howevar, solv-
ing commonly used furbulence models vequires fast
compnters with large amount of memory. So this
approach has mostly been limited 10 study details
of air distribution in single rooms.

Multi-zone infiltration and airflow meodels such
as COMIS [1) and CONTAM [2] have been developed
to predict air Hows in complex buildings. These
models are suitable tools to design ventilation sys-
temna for complex buildings, as wall as to provide
peeesssry inpute for energy analysis tools, They
can predict sir flows and contaminant transport
within the ¢ntire building, but based on a strong
agsumption. This building is defined as a set of
well-mixed volumes or zones of homogeneous com-



position. While this asswumption can be acceptable
for small reoms or zones, it becomes ynacceptable
when modeling laige indoor spaces such as atna
and auditoria.

The present work is part of & roscarch offort
aimed at inlegrating 2 detailed model of airflow in
large spaces with an algebraic multi-zone infiltra-
tion model to describe pollutant tcansport and cou-
pled air fows within and between complex build-
ings and large spaces. In the past 15 years, zonal
rrodels {[31-[3]] were devoloped with the goal to ob-
tain an approximate but quicker answer than with
CPD models to predict aitflow characteristics in
large indoor spaces. On the other hand, reducing
the number of grids in CFD models is 2 natural
way of decrzasing their demand of computational
resources to solve 2ir flows in rooms. Therefore, we
compare the ability of both zooal and coarse-grid
CFD models to predict air lows in 2 building zone.

In the ncxt secfion we summarize the require-
ments imposed by the nced to couple a madel
of large indoor spaces with multi-zone infiltra-
tion models. In the third section we briefly de-
seribe zonal methods. In the fourth section, we
frst present aiflow patterns predicted nsing ver-
iors zonal models and k—e CFD models, b a
mechanically-ventilated isothermal room. Ther we
prosent & comparison between velocity prodictions
fram the differ=ni formulations of zonal modcels us-
ing the simulation environment SPARK [9], as well
as k—¢ (UFD models, to measuréements in the sume
revsm provided by Nielsen [10]. Aod finslly we com-
paxe the pressure field predictions wsing the differ-
eht models, In the last fifth section, we aurum arize
our Badings and outline directions for future work.

2  Coupling a large space model into
a multi-zone infiltration model

Multi-zone infiltration models such as COMIS
and CONTAM zre based on the assumption that
state variables excapt pressures are homogeneous!
in each building zone (and the pressure varies hy-
drostatically). Haowever this assumption is a very
poor approxdimation for the situaticn in large in-
door spaces such as an anditorium or ateinm. In
order to obtain meaningful predictions of alrflow
and contaminant disparsion io such spaces, it is
necaszary to integrate a more detailad model of the
space into the multi-zone airfow modal.

Multi-zone infiltration modals trest 2ach build-
ing zone as a single node, and solve the conpled

IMote that in OOMIS different lemperstures can be
specified within Hx saoe rone

nonlinear algebraic systemy of equations describ-
ing aitflows in the whele building, relying on the
description of flow elements interconnecting the
gomes. The moedels treat air as incompressible with
temperature-dependent density, and the flow ele-
ments, such 28 ¢racks or aperturcs, are described
by an algebraic relationship between the mass alr-
How ratz and the difference of pressure accross the
¢lement. The pressure variables in such multi-zone
infiltration models has the same meaning as in or-
dinary bilding ecience and physics. This meaning
(and variable values} must be consistently used in
the simplified air flow model of large indoor space,
for consistent and successful integrated solwiion
cof the coupled problem of airflow in a multi-zone
building with s large space.

For example, tonsider a schematic section of an
lustrative 3-atory building composed of 3 rooms,
one on each floor, connected to an atrium by door-
ways (see Fig. 1). In thic case a multi-zone iofl-
tration model would cornpute pressure nodes from
1 to 3, while & large space model would be ap-
plied 1o the ateinm to caloulate pressure nodes 4
through 30. The pressure node @ is the relerence
external pressure. The coupling (pressure and aiv
flow) between both models at each deorway loca-
tion should allew the two madels to provide a single
gelf-consistent prediction for the entire building,

3 Zonal models

3.1 Common practice

Bouia [4] and Wurts [6] ivitiated the develop-
ment of zonal methods based on solviog the pres-
sure field to predict aicflow and temperatuzes in
Iarge indoor spaces. In the zonal method, the room
is subdivided into a number of control volumes or
cells in which temperature and density are asswmed
in be homogeneons, while pressure vaies hydro-
statically. Mass and thexrmal energy balances ave
applied to each cell, with air treated as an ideal gas.
Airflow between adjacent cells is modeled hased an
methods used for latge cpenings in ducts, In these
methods, the mass flow rate i ; between cell i and
cell 7 is assumed to be governed by a powerlaw
equation as:

s = CpSIAR )" (1)

with AP, ; = (P — pegz} — (Pi — py92;). Tt ap-
pears that & value for ¢ of 0.83 m-s~"-Pa~" for the
whole grid except for the aperturss is the congensus
among practitioners (11}, Alsc, the thermal energy
flow ia determined nsing & convection-diffusion re-
lationship across the surface between the two cells.



Thizs class of models will ba called Power-Law maod-
els (PL}.

Recently, Voeltzel [12] applied this approach to
predict airflow patteros and temperature fiold in
atria. For thiz purpose, she incorporated acoun-
rate solutions of radiative exchangos between in-
door surfaces and solar gaine into a zonal model.
For aitflow modeling, she used a standard set of
power-law flow equations such as equation 1. She
obtained good agreemont between time-depandent
predictions and measurements of temperature. For
experiments, she used a 5.1 w-high highly glazed
room (ENTPE - SunCell] to validate her zonal
model. Tomperatures were measured every minuie
along the vertical centerline of the room at Four
diffacent heightz for 56 bhours. Time-dependont
temperature predictions demonstrated satisfactory
agreement with meoasurements at these four loce-
tions. A zonal modal also gave more accurate tom-
perature predictions than a one node model

In a coocurrent and separate research effort,
Wartz et al. [11] pointed out that such classical
models cannot adequately represent high velocity
regions {e.g. air jeis or thermal plumes), owiog to
the inadequate representation of momentwm con-
servation {by approximating 1t with a relation be-
tween mase Aow rate and dilference of pressure de-
veloped [or Aows across apertares).

Inard [3] developed an innowvative approach to
address the Lnability of the standard zonal method
to adeqnately represent jets sand plumes. In ordex
to study the coupling batwean the thermesl plume
from & radiator and the aicflow in the rest of the
room, he patched on to the room modal a region
for the plume, in which airflow and temperatura
ware defined using known [unctional relations from
textbook ideslizations of wall thermal plumes. He,
hiz colleagues, and others sotended his method to
incorporate free jatz, wall jets, and boundary lay-
era ip the airfow within the mom. Of course, the
modeler is presumed to know which specific driven
flow idealization to incorporate into the model in
each spatial region. This class of zonal models
will be identified in thie papsr as Power-Law mod-
als with Specific Driven Flows, or FL-SDF mod-
elg. In the PL-830F clase of models, Bouia de-
veloped an integrated tool (SAMIRA (13]), while
Wortz [6) and Musy [14] developed a library of
models within the object-oriented simulation envi-
onment SPARK. Wurte's description allows bidi-
rectional flows across common surfaces shared by
cells, while Musy developed 2n automatic generator
of zonal models for complex multi-sone buildings,
and integrated new libraries into the zonal model

for modeling pollatant transport in the toom air,
radiative exchange between room surfaces, as well
as integrating a finite difference model of conduc-
tion heat transfer model through the building en-
velope.

Inard et al. [15] presenied resulte {performed
with BAMIRA) demonstrating good agreemaent be-
tween experimental data and predictions of tem-
perature fields under natwral and mixed convec-
tion wsing PL-SDF madels, The natural steady-
state convection experiment i a 2.1mx3.1m=<2.5
m ccll {CETHIL-MINIBAT test cell), where five
wall purfaces are maimtained af constant tempera-
ture and the sixth surface iz in contact with a cli-
tnatic chamber, allowing contral of its surface tem-
perature from -10 to +40 “C. Temperature mea-
suroments were collected in 2H) locations, with 50
sensore in the contral vertical plane. Isotherms
predicied by zonal models present 2 good agree-
ment with isotherms constructed from interpolat-
ing measured data in this central plane of the cell.
Three steady-state mixed convection cases were in-
vestigated (slectric heater, hot water radiator, and
het water Hoor heater} in 2 ventilated room. Tem-
perature predictions were compared with measure-
ments at 7 different heights along a vertical line in
the contrel plang of the room. This study presents
gond sgeesment with axperimantal dats, and high-
lights the necessity of wsing an idealized How model
to describe the thermal plumes genarated by radi-
ators and heaters. Mnsy demonstrated the ability
of this class of models to pradict temperatura fields
for various heating o1 eooling systems.

Finally, Lepers [16] presents good agroement
betwesn temperature predictions and measuoe
ments in a2 nopdsothermal ventilated roomm using
SAMIRA. The experiment is a full-scale room {7.21
mx2.48 m=2.44m) designed by Zang et al. [17], in
which temperature and horizontal velocity compo-
nent where meseared with a thermocouple and a
hot wive probe, respectively, at 206 locations in the
central vertical section. Althongh velacity predic-
tions are ahout 2 to 3 times lower than experimen-
tal date in the major part of the simulated room,
the airflow pattern is qualitatively well represented.

Mote that in the zonal methods of the Pl-class,
what i termed sz pressure at each cell iz a variable
interpal to the model with oo diract, physical mean-
ing, certainly with no relationship to the pressare
a8 undergtood in the building sciences or physics.
This prevents matching the pressures in a COMIS-
type infiliration airflow model of a complex build-
ing, with those of a PL-clazs zonal model of airflows
within a large space encloged within that building



and in communication with it

3.2 An alternate formulation of zonal
modelx

Axdey recently proposed a method to overcome a
major shortooming of the PL class of sonal models
[18]. When a PL-class zonal method is applied to
model aicllow throwgh a coom, the total predicted
pressure drop acrosa the room depends linearly on
the number of cells used. (This shertcoming of the
zomal apptroach has been Jong koowa 1o the practi-
ticmers, it no remedy had been proposed for this
till now, essentially becanse the use of zonal models
was reslricted to single zone buildings where pres-
sure copsistency was ot an important cxiteclon).

Axiey's proposal [L8] avoids the grid dependence
of pregsure in carrent zonal models. In this ap-
proach one assumes that airflow in rooma is de-
termiced by the interplay between pressure drops
across, and surface drag on, air in each cell. Then
ihe airflow in all cells can be determined by con-
gidering the transfer of shear stresses to the nearest
wall surfaces. Applying a monentum balance along
a differential condunit {zee Fig. 2} of height ds and
length Ar between the pressure node P, and the
preszure node Py, of iwo adjacent cells leads to:

i

AP wds = — s w Ar ds {2}

Using the Prandtls mixing length expression of
shear stress for turbulent flow, and giveo a velocicy
profile along the dimension perpendicular to the
oearest wall, the cell-to-cell difference of pressare
expression becomes:

wratar |,

.&.Rd == 2&‘, ‘p—m i {3}

From now, this model will be called the Sarface-
Drag maodel (3D, Like the PL model it can be
augpmented by adding specific driven flow formu-
lations in specific regions of space. In ibis latter
caze, the new 3D model with the specific driven
flow integrated patch will be called SD-SDF, for
Surface-Dirag mode] with Specific Driven Flow,

The next section camnpares airflow patterns and
velocity predictions given by the varjous fortaula-
tions of sonal models described abowve with mesa-
sutements in & mechanically ventilatad isothermal
COOE.

4 Comparison with Nielsen’s exper-
iment

Nielzen [10] built a rectanpular parallelopiped
gcale model of a room [ = 89.3mm} in which
the isothermal alrflow ja expocted to be almost
two-dimensional (gee Fig. 3). The inlst velocity
U';. 15 given by the Reyoolds number e = 5000
based on inlet slot height (U = 15.02 ms™?).
Detailed measurements of velocity profiles are pro-
vided along four lines through the rentral vertical
plane located at y = W72 two vertical (st x = H
and T = 2H), and two horizontal (st = = (.028H
and r = 0.9724).

We conducted simutations of airflow in the Rl
scale geometry (H = 2 m)} equivalent to Nialsen’s
experiment, using &l four formulation: discussed
above: PL, PL-SDF, 5D, and SD-5DF. In the SDF
versions, specific equations describe the jet induced
by the inlet slot geometry description of Nielzen's
axperiment. In these conditions, the inlet weloc-
ity iz imposed as I, = 0447 me™1, As an alter-
nate zsimplified method to predict air flows in large
spaces, we also applied a coarse-grid comventional
k—e CFD model to this configuration.

fonal model simulations were performed os-
ing the object-oriented simulation environment
SPARK, and k—¢ CFD simulations were performed
with the commercial eode StarCID,

In this section, we compare predictions of air-
flow patterns and velocity profiles using the differ-
ent moddels discussed above, as well as the ability
of each ¢lass of models to predict the total pressare
drop across the test room (i.e. across the inlet and
the outlet). The pressure drop across the room is
directly relevant to the model’s suitahility for inte-
gration with a COMIS-type model for multi-zone
airfow in eomplex boildings,

4.1 Airflow patterns

Power-law model. For the results presented
here, & = 0.83 and s = 0.5 in equation 1. The
resulte of air How predictions with the classical
(i.2., PL) zonal model are presentsd in Fig. 4. We
se¢ that the predicted air flows are unidirectional
{there is no recirculation}, and thers & o wall jet
predieted. The air Bow iz spread uniformly across
the vertical section of the room.

We then added a apecific driven flow model to the
clasgical PL mode! to describe the wall jet down-
stream of the inlet slot. This jet model is the well-
established isothermal wall jet model described by
Rajaratnam |19]. The predictions of this PL-SDF
madel ave shown in Fig. 5. The eatraioment of



room air into the wall jet is not clearly predicted,
nor 18 recitcutation of room alv induced by the jet.
The jet seema to bounce off the wall opposite the
entrance glot and drives 2 weak reciceulation in that

region.

Surface-drag model. The aitflow pattern pre-
ticted with the SD formuiation {see Fig. 4) is quite
similar to the PL model predictions presented in
Fig. 4. There is ne deminant flow in the room,
nar any recicculation induced by the interaction of
the jet with the enclosure walls. This 5D maodel
is identical to that descreibed by Axley [18], except
that Axley used CONTAM (2] to caiculate thie so-
lation whereas we used the SPARK simmlation en-
virarnent for this purpose. In our implemeniation
we mate some lmprovements over that described
in [18]. Mase balance was violated in some cells in
the implementation described in [18] {fee Fig. 4 of
that reference}, whereas our implementation satis-
fiex the mass balance everywhere. Detailed results
of our implementation are shown in Fig. A.1 which
permit comparison with Fig. 4 of (18]. Then we
patched the wall jet model developed by Rajarat-
batn, into this S0 Model. The predictions from
thiz SD-SDF formulation are shawn in Fig, 7, and
are very similar to Fig. 5 for PL-SDT model.

k—¢ CFD mode). We performed air flow sim-
ulations in the test case geometry using & conven-
tional &= CFD model, uging different, mesh sizes,
ranging from Gx6 to 40x40. Our intention was
to characterize predictions from coarse-grid CFD,
sod compare these with experiment and predic-
tions from various zonal methods. COnly for the
440 grid did our mesh have prid refinement near
wall surfaces to ensure a boundary layer resolution
that satiefies the criterion of applicability of wall
functions {in this case yt<40). Tn other, coarger,
grids the cell sizes adjacent to the walls were set 10
15cm in the direction perpendicular to the wall.
Chen {20) compared predictions of standard &—e
CFD and hiz newly developed sero-order tarbu-
lence model with Nielsen's experiment. Cur 40x40
grid k—« results agree very well with thosze of Chen
using the standard k—e model. Fig. & shows results
for a 1010 grid, and Fig. 9 shows the 4040 pre-
dictions. Both meshes predict & large recirculation
loap due to sntrainment io the jet. While slight dif-
ferences among the four zonal foroulations do ex-
i8t, none predict this recirculation Ioop, even those
for which the specific driven flow model pateh pre-
dicts the jet itaelf. The next section presents de-
tails of the velocity predictions [rom the different

madels, and compares them to experimental data.

4.2 Velocity profiles

A comparison of velocity predictions by different
zonal models with experimental data along the ver-
tical line at © = 2H is preseoted in Fig, 10. The aix
velocities in the wall jet region are well predicted by
apecific driven fow (PL-5DF and 3D-SDF) models
{see Fig. 10c), but none of the four zonal model
formulations predicts the recirculation. Note that
the recirculasion is seen as negative velocities be-
low about. z/H = 0.6 in experimental data plot-
ted in Fig. 10. In addition, resultz are nof sig-
nificantly different in terms of velocity prediciions
when comparting SD and PL formulations. Veloc-
ity predictions with the four zonal model formuy-
lations compare egually poorly with experimental
results at other sections of the room: the vertical
Tne at X = H, and two horizontal lines, one at
z = 0.0T2H (through the air inlet) and the gther
at z = 0.02385 {through the air outlet). These are
not shown for brevity.

The comparison of wvelecity predictions with
coarse grid CFD model iz shewn for all the four
sectiona of the room mentioned above: the vertical
line at & = M, and the horizontal lines = = 0.972H
(through the air inlet) and z = 0.028H (through
the air cutlet), in Fig. 11. In this figure, we com-
pare hk—¢ CFD model prediclions for velocities,
based on 646 and 1010 grids, to predictions using
4040 grid and experimental data. Compared to
measgrements, we ses that all simulations under-
cgtimate the recirculation. The results of the Gx8
and 10 1{ grida show 4 jet decay that is slightly
too rapid, but on the whole coarse-grid predictions
give satisfactory agreement with the cxperiment.

These results suggest thai coarse-grid conven-
tional £—¢ CFD} model is a good candidate for sim-
plified predictions of the details of air flows, and
consequently of contaminant transport, in large
spacen connected to corplex buildings. Also, this
approach offers a satisfactory agreement with the
cxperimental datz in the jet region, even without
any cxpert knowledge to patch a wall jet formula
into the computational space at the correct loca-
Lion.

4.3  Pressure predictions

Correet prediction of the pressura fiald is vital for
integrating detailed large space madel into multi-
zone air Aow models. Although the test case we
chose has been widely studied, we were unable
tc find pressure drop data in the literature. Tn



one case, where researchers had conducted detailed
CFD simulations of air Bow in this geormnetry with
Large Eddy Simulation, we found that the pressure
field Gles had been digtarded because there were
thought to be of little interest. Experimentally, it
may be impessible to meaaure pressure drops across
the room in this geomeatry at this flow rate, hecayre
the presgure drop is smaller than the detaction limit
of available regearch instrumentation.

Zonal (PL and 8D formulations) and k—e CFD
models were applied to different grids to predict the
total pressure drop between the inlet region and the
cutlet region of the test room. and the t—e CFD
model. The results are summarized in Fig. 12, As
Axley pointed out, the power-law (PL) sonal tnodel
predicts a total pressure drop across the test room
that is linearly dependent on the number of cells
used for dividing the room space. The serface-
drag (SD) formulation, as expecied, shows no grid
dependence. Howeyer, It predicts a total pressure
drop about § times lower than that predicted by the
k—¢ CFD madel for a 4040 grid. This large differ-
gnce 5 not entirely yoexpected. The 31 formuyla-
tion does not acconnd for moleenlar and turbulent
viseous dissipation of momentum in the core of the
room. ‘The coacse-grid CFE results are also sensi-
tive to the number of cellz uaed, although the ce-
sults appear to Datten saymptotically as the num-
ber of cells increases. Thusz none of these models
gualify for simpie coupling to multi-sone aiv flow
models by matching pressures at the commecting
surfaces.

Note that in termns of sxperimental research in-
strumentation, the lower detection limit for pres-
sure differances iz about 0.1 Pa. On the other hand,
in Fig. 12, the mavimum pressure drop plotted
daesn’t excesd 0.08 Pa, much below this detection
limit. In a real building, imterzone prassure il
ferences of the order of 10 Pa are common. Con-
sequently, the pressure drop of 0.01 Pa across the
large apace can be simply ighored. In that case,
the presaure ficld inside the large space could be
kept as only an internal variable inside the large
space airflow maodel, to be used only to soppert
the air flow computation. In the mnlti-zone air fow
model deseription, the large apace would be then
considered ag a non well-mixed zone represented by
a sinple presure node (with hydrostatically varving
presaure). Continuity between hoth models would
he enforced by matehing only air Baw rates at each
apaetture that connects the ladpe spsce to the rest
of the building, including the HVAC aystem com-
pongnts.

5 Conclusion

Cooventiona] zanal models were developad to es-
timate the details of sicfAow, heat tranafer, and con-
taminent transport rapidly and with sparse input
data. This was especially appropriate when com-
puters were glow and expensive. However, the ba-
sic formulations (PL and SD) are unable to cap-
ture specific driven flows such as wall jets. In
cese of enbanced models (such as PL-SDF and
SD-5DF) with specific patches of idealized driven
flows added into the computational space, iheir
accuracy depemds essentially on the user’s exper-
tise to add appropriate specific driven flow patch
models in the correct regions. Other research pa-
pers (o.g. Wartz et al. [11], Lepera [16]), indicate
that such models can predict temperature field and
low-resolution details of airflows in non-isothermal
copditions. The surface-drag formulation yields
grid-independant pressure predictions, but ignores
the wviscous and turbulent momentum dissipation
in the core of the Aow. Therefore, its prediction
of the tofal pressure drop across the test room is
about ooe order of magritude below the conven-
tional k—¢ CFD model prediction. In addition, the
{SDF) reformulation of the zonal model does not
improve the poor agreement belween the predicted
and measured velocity prefiles compared to those
of the PL and 5D formulations, in the reglons away
from the patched idealized specific driven Aow. Ve-
locity predictions from coarse-grid £—¢ CFD mod-
els are in better agreement with mezsurements.
The pressoee drop predictions, bowever, remaln
grid dependent at least until about 40x40 grids.
We note that for these 20 k—« CFD simulations us-
ing 1010 grids, the CPU time required was 3.23s
on a SGI-IRIX worksiation (13 times more for the
40240 grid}. This does not represent a large corn-
putational burden.

The above results show the difficulty of acen-
rately predicting the pressure distributicn within a
larpe apace with any of the zonal models or with
a coarse-prid £—e CFID model. Therefors, it seems
impractical to couple any of these simplified modals
of airflow in & large space with a multi-zone infil-
tration madel by matching pressures and airflows
at all cammon openings. On the other hand, the
pressure drope acrose the large space ara so small
that they can he ignored for all practical purpores.
Therefore, we propose that the first step to pre
dict integrated datails of airflow, heat transfer and
contaminant fransport in large spaces conmnected to
multi-zone buildings, would be to assume the pres-
sure drop across the room to be negligibla. One



ghonld only makch air Acws across apertures be-
tween the building and the large space, and take
the prassure variation within the space to be hydro-
gtatic (as done in COMIS or CONTAM). Finally, our
rasults sugpest that coarse-prid k—e CFD can be
a atisfactory alternative to zonal methods where
more accurate details are requiced, for predicting
air flows and contimipant tranaport in indoor Large
spaces cormected to 2 complex multi-zone build-
tig. In & saparate research effort we are adressing
acceptable grid-coarseness for satisfactory approx-
imate resultzs and also for extending this approach
to mixed convection conflgurations.
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Figure 12: Total pressure drop across the test room

A Detailed surface-drag model airflow results

Figure Al presents mass flow cates obtained when reprodusing the simulation of airfow in the Niclson
tost case. After convergence, the crror in mass airflow halance is less than 102 g5 in each cell.
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Figure A.1 Mass airflow rates obtained with SD-SDF model {in g-s~1)
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