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A15TRACT 
1h8 pattern of an isothermal airflow caused O; inflltra

*"' snd ventilation in a three-dimensional, two-zone 
,,oosure Is Investigated by numerical simulation. The 
.-ozones are separated by a partition with a door open
ttp. Two types of boundary condition for air supply are 
oiJnsidered: (1) the outside air uniformly lnflltrates through 
111 end-wall into the enclosure and leaves through a 
Wing-mounted exhaust opening; and (2) the ventilation 
l!i'floWS into the enclosure through a rectangular supply 
apening near the floor on one of the end-walls and leaves 
f)8 enclosure through the exhaust opening. For each type 
d boundary condition, two different exhaust opening 
bcations, each with three door positions, are studied. 
Contaminant concentration distributions for different 
cases are also presented to Illustrate the influences of the 
bv pattern on the removal of the contaminant generated 
ii one of the two zones. The results show that the location 
d the door not only guides the direction of the air move
ment but also affects the strength of the air circulation in 
the downstream zone, wh/le the upstream zone is less af. 
l!Jcted by the door position. 

INTRODUCTION 
The major aim of ventilating (mechanical and natural) 

spaces for human occupancy is to provide an acceptable 
indoor environment for humans, i.e., to distribute heat and 
moistore and to remove contaminants. Therefore, 
understanding the air movement induced by ventilation 
becomes extremely important In fundamental studies of 
building thermal analysis. indoor air quality, and thermal 
comfort. The airflow pattern In single ventilated enclosures 
has been examined by many researchers (Berne and 
Villand 1987; Chen et al. 1988; Davidson and Olsson 1987; 
Gosman et al. 1980; Horstman 1988; Kato et a!. 1986; and 
Lemaire 1987), while little attention has been paid to the 
air11ow pattern in two-zone enclosures. It is obvious that 
besides the positions of the air supply and exhaust. the 
door location in the partition will be an additional factor af
fecting the airflow pattern in each zone. Depending on the 

overall arrangement, a partition may either block the ven
tilation airflow, causing a stagnation of polluted air, or rein
force the air movement in both zones, producing a more 
efficient removal of indoor pollutant. Comprehending the 
effects of th~opening locations on the flow pattern is 
necessary for providing a comfortable indoor environment. 

For partitioned enclosures, some research works were 
conducted on the airflow patterns under natural convec
tion. Kelkar and Patankar (1985) and Chang et a!. (1982) in
vestigated the natural convective heat and mass transfer 
in partitioned rooms by numerical simulation. In their 
studies, the partitions were two-dimensional. The opening 
on the partition ran through the whole width of the rooms, 
and the flow conditions were laminar. Haghighat et al. 
(1989) numerically studied the natural convective heat 
transfer and the airflow pattern in a three-dimensional par
titioned enclosure under turbulent flow. They also in
vestigated the effects of the partition locations and door 
locations on the airflow patterns in two-zone enclosures. In 
their study, it was assumed that the air movement was 
caused only by the temperature difference between two 
end-walls and that there was no air flow across the boun
dary of the enclosure. The airflow patterns in ventilated 
enclosures are completely different from those caused by 
natural convection. They are affected, not simply by the 
location of the door, but by the overall plan of the relative 
positions of the door, the air supply, and exhaust. So far, 
airflow patterns for ventilated enclosures separated by a 
partition with a door opening in it have not been investi· 
gated. The purpose of the present study is to investigate 
the airflow pattern and the contaminant dispersion in a ven
tilated two-zone enclosure and to examine the effect of the 
door position on the air movement. The following two types 
of mass flow boundary condition are considered: (1) air 
uniformly infiltrates from the outside into the enclosure 
through an end-wall and leaves the enclosure through a 
ceiling-mounted rectangular exhaust opening; (2) ventila
tion air enters and leaves the enclosure through supply and 
exhaust openings, respectively, without any air infiltration 
at the boundary of the enclosure. 

F. Haghlghat, J.C.V. Wang, and Z. Jiang are all at the Center for Building Studies, Concordia University, Montreal, Quebec, Canada. 
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Figure 1 The configuration of a two-zone enclosure 

PROBLEM STATEMENT AND 
GOVERNING EQUATIONS 

(. 

'' 

Figure 1 presents the configuration of a typical two
zone cuboid enclosure. The dimensions of the enclosure 
are L x W x H = 10 x 4 x 3 m3. A partition running 
thr9ugh the entire width of the enclosure divides t~e en
closure into two equal zones, zone A and zone B. The two 
zones are connected by a door opening in the partition. 
Two types of boundary condition for airflow are considered. 
In the first type, the outside air uniformly infiltrates into the 
enclosure through one of the end-walls, wall W, at a veloc
ity of O.D1 mis and leaves the enclosure through a rectan
gular exhaust opening placed on the ceiling. In the second 
type, the fresh airflows into the enclosure through a rectan
gular supply opening located on wall W, with (y,IW) = 0.13 
and (z/H) = 0.042, and leaves the enclosure through the 
exhaust opening on the ceiling:The air velocity at the sup
ply opening is taken as 2.0 mis (5 ach}. A contaminant 
'source with a constant emission rate (assumed unit) Is 
placed at the height of Zs!H = .0.125, rfght under the ex
haust opening for all cases. . . . 

The dimensions of tt\e supply, exhaust, and door 
openings are listed in Table 1. In this study, these dimen
sions remain unchanged. The locations of the partition and 
the supply opening are also fixed for all .cases, '.'l{hile the ex
haust opening and the contaminant source are placed in 
zone A and zone B, respectively, as specified in the next 
section. 

h/H 
b/W 

TABLE 1 
Dimensions of the Opening 

Door Supply 

0.75 
0.17 

0.083 
0.083 

Exhaust 

0.056 (/E/L) 
0.083 

TABLE2 
Source Terms for Conservation Equations 

1 0 0 

u µett - ap!ax + CYax(µ8tt au/ax) + CYay (µ9tt <Max) + CYaz (µeff aw1a, 

v µ9tt - iJp/ay + CYax(µeff au/ay) + CYay (µ8 tt av/ay) + CYaz (µ
011 

aw1;,, 

w µett - iJplaz + CYax(µett au/az) + CYay (!Lett av/az) + CYaz (µ. 11 aw1a; 

k /Leff 
tJ 

0 . 

Gk = µelf [2 ((ilu/ilx)' + {ilv/ily)' + {ilw/ilz)') + {ilu/ily + Milx)' + (ilutaz 

+ ilw/ilx)' + (ilv/ilz + iM'/ily)'] 

Generally speaking, the airflow in a ventilated enc!er 
sure is turbulent. In this study, the Reynolds number. Re 
is more than 3.6 x 104 with u1n = 2.0 mis. Therefore. the 
flow is turbulent (Gosman et al. 1980). Consequently the 
k-e two-equation model of turbulence (Rodi 1984) •s 
adopted. The governing equations describing three. 
dimensional turbulent, incompressible flow can be wnnen 
in the following conservation form, 

a P<P Ci..1,4' · o ( o<P) s 
Tt + OX· = iJx. µ.p,eff OX· + <P 

. . I I . I 

(l\ 

where <P denotes the variables u, v, w, c, k, and e, respec 
tively. S<t> represents the source term for the correspond1~ 
<P variable and is listed in Table 2. 

The boundary conditions are as follows: 
for wall W with infiltration, 

•'' 
u = U1F 

v =W=O 
k' =0 

· oe/iJx = constant 
and 

c =0 

forthe·other solid surfaces, 

u 
k 

=V=W=O 
=0 

iJelfJn = constant 
and 

= 0 

.: ..: 

... 

In order to simplify the problem, the following assump.- v = w = 0 
tions are made: (1) ·the thickness of the partition is small • k = k, =:= 312 ul 
relative to the length of the enclosure and may be neglect- .. e = e, = c,.. k,1 .si1 
ed; (2) the buoyancy force in a ventilated enclosure has a and . : .. 
negligible effect on the flow field and may be neglected; (3) , 

1 
; , c = 0 

the contaminant source is considered to be a point sourc_e,. .. .. __ . . .. . . . . 
·namely, it ~oes not h?ve ariy physical volum~; and (4). ~ ;, ·d i,?n,9, for the exh,aust opening, ..•... : ;11 .Y.':J.tJ

1 one-phase flow is.assumed in this study.that 1s, both the w = w = u H WIA for the first type of air 
air and the contaminant (gas or particle) have the same ve- E tF E of 81 locity. w = wE = u,A,IAE for the second type 
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ltJaZ == constant 

(17) 
(18) 
(19) 

(20). 

!CAL PROCEDURE 
lilJllEf' numerical computation is performed on 20 x 14 

~iform control vo!umes. The di~erential e.quations 
~ned by integrating the governing equations over 

., 0 the control volumes. The Hybrid Scheme and a 
-4t ed mesh system are used for casting differential 
~The iteration procedure is carried out by th~ ~DI 
~with the false time-step. As a boundary condition, 
...,.;;ection of a global continuity conservation ls em· 
~for the velocity component in x direction at the door 
rr:-ng. The air velocities at th.e supply ~n? exhaust open· 
:'are considered to be uniformly d1stnbuted ove~ the 

· area of the openings. The turbulent wall functions 
~der and Spalding 1974} are applied to describe the 

rties at the grids near the solid surfaces, except for 
~through which the outside air infiltrates in the en· 

• c:105Ure, because, with the air ~enetration, the boundary 
~r near this wall do_es n~t exist. . . . 

This paper will not go mto the details of denvat19n of 
cjfferential equations, since the numerical procedure 
adopted in this paper is similar to the one in Haghighat et 
.. (1989). 

RESULTS 
Two types of air entering conditions, as described 

above. are considered. For each type, six cases with differ· 
ent exhaust and door opening locations are examined. 
"f.M:!lve cases are listed in Table 3. 

It should be noted that, in the classification of the 
cases, the first number denotes the type of air entering con
dition, the following capital letter indicates the zone where 
the exhaust opening is placed, and the last number repre
sents the location of the three different door positions. 

TABLE3 
Arrangement of the Air Inlet, Outlet, and Door Openings 

First type: air Door location Exhaust location 
lnflltratlon 

YEIW through wall W Yo!W Xf/L 

Case 19-1 0.17 
Case 19-2 0.50 0.75 0.71 

(zone B) 
Case 1B·3 0.75 
Case 1A-1 0.17 
Case 1A-2 0.50 0.19 0.71 

(zone A) 
Case 1A·3 0.75 

Second type: supply Door Location Exhaust Opening 
opening on wall Wat YolW Xf/L YEIW z/H=0.042, y1/W=0.13 

Case 29-1 0.17 
Case 29-2 0.50 0.75 0.88 

(zone B) 
Case 29-3 0.83 
Case 2A-1 0.17 
Case2A-2 0.50 0.19 0.88 

(zone A) 
Case 2A-3 0.83 

First iype of Entering Air 
For the first type, the outside air e~ters ~h~ en<?losure 

through entire wall Win zone A by uniform rnf1ltrat1on. 
Exhaust and Contaminant Source in Zone B 

(xE/L = 0.75, YEIW = 0.71): Figure ~ indicates·t~at in 
-zone A, the airflow is nearly one-d1mens1onal and uniform, 
regardless of the location of the door opening. 

In zone 8, however, the airflow pattern is obviously de
pendent on the position of the door. In. case 1 ~-1 (Figure 
2a}, the air in zone 8 forms a lar~e ant1-?lockw1se vort~x, 
centering about the exhaust opening. Thi~ vort~x occ~p1~s 
the major area of zone 8. A small clockwise crrculation m 
the southeast corner is also seen. In case 18-2 (Figure 2b), 
there exist two large circulations in zoneB, one clockwise 
at the southeast corner and the other anti-clockwise near 
the northern wall. In case 18-3 (Figure 2c), the door open
ing, at y0 /w = 0.75, is closer to the exhaust opening (_see 
Table 3). The air, after passing through the door opening, 
seems to have a short way to leave the enclosure through 
the exhaust opening; consequently, the air movement in 
zone 8 would become weaker. However, in comparing 
Figure 2c with Figure 2a, there is no significant decrement 
of the air movement in zone 8. The air still travels the entire 

· region of zone 8 before leaving. The vortex, which is cen
. tered at the exhaust opening 8 in cases 18-1 and 18-2, 
· does not exist in case 18-3 (Figure 2c). Instead, there is a 

large, clockwise circulation in the region near wall E in 
zone 8. 

. . Figures 2d and 2e present the contours of the con
taminant concentration in the horizontal plane at z/H = 
0.63 for cases 18-1 and 18-3, respectively. The contours of 
contaminant concentration also follow the path of air move
ment in a circulation form. In case 18-3, the source posi
tion is at the upstream region (close to the door opening), 
therefore the contaminant is directly diluted by the fresh air 
and is removed from the exhaust. Thus, the average con
centration in Figure 2e is lower than that in Figure 2d. 
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· Exhaust and Contaminant Source in Zone A 
(xEIL = 0.19, yE/W = 0.71): Generally speaking, the out
side air is not likely to constantly infiltrate into a building in 
a fixed direction. In order to examine the flow pattern sub
ject to the air infiltration in the opposite direction, we sim
ply move the exhaust opening from zone 8 to zone A 
instead of changing the direction of the air infiltration. 

Figure 3a demonstrates the velocity vectors tor case 
1A-1 in the vertical plane at y/W = 0.17. Figures 3b, 3c, and 
3d demonstrate the velocity vectors in the horizontal plane 
atz/H = 0.38 for cases 1A-1, 1A-2, and IA-3, respectively. 

From Figures 3b, 3c, and 3d, it can be seen that in 
zone A, the airflow pattern and the magnitude of the veloc
ity are not significantly changed by ?hangin~ t.he posi~ion 
of the door opening. The explanation of this 1s that, rn a 
steady state, the location of the exhaust opening is more 
responsible for controlling the air movement in zone P:- th.an 
that of the door opening because of the mass contrnu1ty. 
Figures 3a and 3b indicate that only a small portion of the 
infiltrating air has the chance of going to zone 8 through 
the door opening, while the rest of the air forms a vortex in 
the northern region in zone A. 

· In zone B, the velocities are relatively low, because a 
large portion of the air never has the chance to enter zone 
8 before it leaves the enclosure. The air forms a weak vortex 
in zone 8. For case 1A·1 (Figure 3b), the vortex in zone 8 
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Figure 2 Velocity vectors and contaminant contours for the cases with exhaust in zone B 

_is anti-clockwise, while for cases 1A-2 (Figure 3c} and 1A-3 
(Figure 3d}, it becomes clockwise. When the door open
ing moves northwards along the partition, the magnitude 
of the air velocity in zone 8 decreases sJight~ (comparing 
Figure 3d with Figure 3b}. .-- --· · -_ - . 

· . Figure 4a shows the distribution of the contaminant 
concentration in the horizontal plane at zf H = 0.38 for case 
1A-3. In this case, the contaminant source (x5/L = 0.19, 
y5/W = 0.71} and door opening (centered aty0 /W = O.?S) 
are very close to each other. and the contaminant seems 
to have a higher probability of moving into zone 8. 
However, the contaminant dispersion is restrained by the 
air vortex in zone A (see Figure 3d}; therefore, the con
taminant can hardly enter zone 8. In Figures 4b and 4c, 
note that the contours at the plane of (z/H) = 0.96 for cases 
1A-3 and 1 A-1 are almost the same. This is attributed to the 
similarity of the flow patterns in these two cases. 

Second 'fype of Entering Air . 
For the second type of entering aii. the ventilation air 

enters the enclosure through the supply opening, whose 
. .. . . . ' - . . · . - -· ·- . ; _ 

f. ,". ,. I ,;~ • • : 
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position is fixed on wall W near the floor (y/ W = 0.13. z/H 
= 0.042} for all cases. The exhaust opening and the con
taminant source are placed either in zone 8 (cases 1!H. 
28-2,·and 28-3} or in zone A (cases 2A-1 , 1A-2, and 2.A-JJ. 

Exhaust and Contaminant Source in Zontl 
(xJL = 0.75, YelW = 0.88) Figure S illustrates the vet1> 
ity vectors for cases 28-1 , 28-2, and 28-3. In zone A, !hi 
flow pattern does not show much difference with the-. 
ation of the door position (Figures Sa, Sc, and Sd). O~yfll 
magnitude of the velocity in this zone increases sl1<J'll 
from case 28-1 (Figure Sa) to case 28-3 (Figure~ " 
each of these horizontal planes, an anti-clockwis~ ~.,! 
culation in zone A is observed. The center of the circu-
moves towards wall W as the horizontal plane rises in 
z direction (Figures Sa and Sb). , ~ 

· At the horizontal section z/H = 0.29, the air~ 
in zone 8 move clockwise regardless of the door.~ 
In Figure Sa, it is noted that the direction of air ~rrc:..,. 
in zone 8 is strongly affected by the air rotation ~n zuo-
.. - Figures 6a, 6b, and 6c present the contarnin~ 
centration distributions for case 28-1 for different h 
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Figure 3 Velocity vectors for the cases with the exhaust in zone A 

levels. At the lower level, z!H = 0.13, the contaminant has 
not yet been widely spread. As the horizontal level rises to 
llH = 0.29 or higher, the contaminant covers the entire 
area of zone 8. In case 28-3 (Figure 6d), the contaminant 
concentration in the region near the partition is higher than 
that in case 28-1 because the air has already been con-
taminated before reaching this area. . 

Exhaust and Contaminant Source in Zone A 
(xf/L = 0.19, YEIW = 0.88) Figures 7a, 7c, and 7e 
present the velocity vectors at the horizontal section of z/H 
., 0.29 for different door locations when the source and the 
exhaust opening are placed in zone A. It is observed that 
in zone A. air flows in a counterclockwise vortex, and the 
door location has a negligible effect on the flow pattern. 
This phenomenon can also be seen in Rgures 7b and 7d. 
They show that the flow pattern in the vertical section at y/W 

== 0.88 for cases 2A· 1 and 2A·3 is similar, though Figure 7d 
contains the door opening, while Figure 7b does not. 

In zone 8, which is no longer an active zone, the air 
velocities are significantly decreased. For case 2A·1, the 
door 1s not as close to the exhaust opening as for the other 
lwo cases. therefore the effect of the suction at the exhaust 
vent on the air movement at the door opening is less 
Pronounced . which makes the air easier to enter zone 8. 
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As a result, the air movement in zone B is relatively strong 
in case 2A-1. 

Figure Ba illustrates the contours of the contaminant 
concentration at z!H = 0.29 for case 2A· 1. As described 
earlier, for case 2A· 1, more contaminated air has a chance 
to enter zone B, therefore the contaminant concentration 
in zone 8 is significantly higher than in case 2A·3 (Figure 
Sb). Figures Sb and Sc show the contaminant distributions 
for case 2A-3 in two horizontal levels. At the lower level, 
zone B is almost free of contaminant. However, at the 
higher level, where the two zones are completely separat
ed by the door soffit. there is some contaminant accumu
lation in the region near the ceiling of zone B. The reason 
for this is that the vortex in zone A, produced by the rela
tive positions of the air supply and exhaust in zone A, re
strains the migration of the contaminant to a certain extent, 
reducing the chance for the.contaminant to enter zone B. 
The contaminant that has entered zone Bis all moved up
ward by the air spiral and remains in the region near the 
ceiling. ·....-:-_ .. ·. , 

CONCLUSION AND DISCUSSION 

The effects of the door location on the airflow pattern 
and on the contaminant dispersion induced by natural and 
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c) cas• lA-1, z/H • 0.96 

Figure 4 Conrours of the contaminant coricentratlon for the 
cases with the exhaust In the zone A 

• :~ ._ i. ·:. - : .... . 

mechanical ventilation in a two-zone enclosure have been 
investigated. The door location not only guides~h_e direc
tion of the airflow but also affects the strength of the air cir
culation. Besides. since air serves not only as a diluter but 
also as a carrier of gaseous and particle contaminants 
such as smoke, dust. odors, and so on,. the distribution of 
the contaminant concentration inevitably depends on the 
door location. The flO\Y pattern and contaminant dispersion 
in a two-zone enclosure exami_ned in the present paper can 
be summarized as follows: ,-. .:· ; ,,. ':..:. . . . 

1. The airflow pattern in the upstream zone, zone A 
(where either the air infiltration or the mechanical ventila
tion supply takes place) is not significantly influenced by 
the door location, while in the downstream zone. both the 
direction and the magnitude pf the air circulation are de
pendent on the door location .. ':. , - ~ ·· ..• : .. · · . · 

2. When the contaminant. sour(;e is in the upstream 
zone, a partition combined with a .focal exhaust can effi
ciently protect the downstream zone from any contamina
tion no matter where the door opening is. Even in the 
upstream zone, the coritaminaiit could be' confined in a 
small region if a proper arrangement of the supply and 
exhaust openings is made. l~deed, the air vortex in the 
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upstream zone can restrain the dispersion of the con. 
taminant around the source. 

3. When the contaminant source is in the downstream 
zone, the door location greatly affects the distribution of the 
contaminant concentration in this zone. The central region 
is usually less polluted than the periphery, since the air 
movement in the downstream region is mainly in the form 
of rotation. The positions of the exhaust, the contaminant 
source, and the door opening should be carefully 
planned.A reasonable arrangement can be achieved from 
the comprehension of the air movement. 

In this study, the buoyancy effect is not taken into 
consideration. and the temperature distribution is not pro
vided. The buoyancy term must be added into the momen
tum equation whenever a contaminant source is also a 
heat source, such as a stove in a kitchen. For the cases ot 
the first type of the air entering condition, the infiltration 
through the wall is assumed to be uniform. It may not be 
met in practice, however; as long as the velocity of the in· 
filtration air can be considered to be one-dimensional. this 
assumption will not make a significant difference in the !loo 
pattern and contaminant distribution. 

The results obtained f ram this study have a practical 
relevance and give a clear picture and qualitative informa
tion about the ventilation air circulations and contaminant 
distributions in two-zone enclosures. 
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NOMENCLATURE 
A .. area 
b opening width 
c = fraction of contaminant 

c,. .. 0.09, a constant In turbulent model 
e .. contaminant emission rate (equal to unit) 
g gravity acceleration 
H "' room height . 
h '"' opening height 
k kinetic energy of turbulence 
L = room length 
I = 2h1w/(h1 + W1), length scale of turbulence at 

supply opening · · · . . 
IE .. the dimension of exhaust opening in x dtreclion 
n normal direction 
p "' 

Re .. 
s. = 

t .. 
u, v. w 

u, 
U1F ,. 

u, -
x, y. z .. 

w -

pressure 
Reynolds number, u1h,f 11 

source term tor iP 
time 
velocity components in x, y. z directions . 
turbulent fluctuation velocity at supply opening 
infiltration velocity · 
air velocity at supply opening 
cartesian coordinate system 
width of room 

Greek Symbols 
E = dissipation rate of k 

"'"" .. effective dynamic viscosity 
11 = kinematic viscosity · ·· ·· 
p = air density .· 
q, variable 
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d) case 2B-,3, z/H "' 0.29 

: : 

Figure 5 Velocity vectors for the cases with the exhaust In the zone B 

Subscripts 
D =door 
E = exhaust opening 
I = supply opening 
s =source 
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DISCUSSION 

J.T. Reardon, Research Officer, National Research Council 
of Canada, Ottawa, Ontario: Do I understand correctly that all 
the reported results were for isothermal conditions? Also, have 
your computer modeling results (reported here) been compared 
with experimental, measured data? The results reported are quite 
interesting. 

F. Haghlghat: Yes, all the results are for isothermal flow. The 
results reported here have not been compared with experimen· 
tal measurement data since, so far, there are no experimental data 
available for a ventilated two-zone enclosure. However. the results 
for natural convection, obtained by the same numerical model, 
were compared with the reported text data, and they were in good 
agreement. 

A.J. Baker, Professor, University of Tennessee, Knoxville: 
On your coarse computational mesh, would changing turbulent 
viscosity 10 times (larger or smaller) affect your solutions? 

a) ca~e 2B-1, z/H "' 0.13 

b) cas11 28-1, 

:• 

; ... c) c a!Se 29-1, z/H • 0.96 

... -· 1 

Figure 6 Contours of the contaminant concentration for 
case2B-1 
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Haghighat: The turbulent viscosity is always related with the 
dient of a variable, such as µ1(80/8x). In numerical computati~ra. 
a linear gradient between two adjacent grid nodes is assurn~ 
which certainly results in some errors (the larger the gradient 
the cell size, the larger the error). When µ1 Increases 10 limes.~ 
error from gradient term will be enlarged. Thus a coarse meSh s,s. 
t~m may not b~ suitable. We did not do the refinement test. For 
air movement in a room. the Reynolds number is not expec· 
to be very high (about 104

); therefore, theµ, is not very lar~ 
Besides, the velocity gradient Is not very high except at the mle! 
and outlet region. -

A. K1rkpatrlck, Assoc. Professor, Colorado State University 
~rt Colllns.: F~r a situation with the contaminant in zone A . \~ 
·IS the reduction in overall contaminant concentration if the return 
duct is moved from zone A to zone B? 

Haghlghat: This is a very interesting question. We computed is 

case and noticed that the overall contaminant concentration 
increased in both zones. We can send you the detailed results 
you are interested. 

a) case 2A-1, z/H 0.29 

b) case 2A-3, z/H 0.29 

c) case. 2A-3, 

Figure 8 
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d) case 2A-3, y/W = 0.88 

Figure 7 Velocity vectors for the cases with the exhaust in the zone A 
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