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DEVELOPMENT OF A THREE-DIMENSIONAL NUMERICAL 
MODEL TO INVESTIGATE THE AIR FLOW AND AGE 
DISTRIBUTION IN A MOLTI-ZON11: ENCLOSORJC 

F. Haghighat 
J.C.Y. Wang 
Z. Jiang 
Center for Building Studies 
Concordia University 
Montreal, Quebec H3G lMS 

The airflow pattern and alr age dlstr1butlon in a ventilated 
two-zone enclosure are investigated by nuaer1cal simulation. A 
three-dimensional turbulent flow is considered. The two zones are 
connected through a door opening. The air supply opening ls located on 
an end-wall near the ceiling of one zone, while the exhaust opening ls 
on the ceiling of the other zone . The airflow and alr age distribution 
under five door locations are compared for a ventilation rate of 2. 5 
ACH. The average ages ln both zones are presented as a function of door 
posl t1on. It is found that the average air age ln the upstream zone is 
less affected by the door position than that in the downstream zone, 
an.d that the door position near the side-walls ls expected to give 
better a1r circulation. 

INTRODUCTION 

Knowle<:lge of ventilation effectiveness and airflow patterns is 
important in the development of control strategies for indoor air 
qual1 ty in an energy-efficient manner. Traditionally, the ventila tlon 
systems have been designed based on the assuinptlon that the supply air 
and the pollutant are well mixed throughout the ventllate<:I space. 
Similarly, current theoretical models and computer slmu.latlon programs 
are based on t.he same assumption [ ll. Recent investigations have 
brought the validity of this assW11ptlon under question and have shown 
that large errors could be eXpected in their performance when perfect 
mixing assumptions are made [2] . 

The term "age of alr" has been used to describe the transport 
properties of ventilation systems that do not produce perfect mixing. A 
number of concepts has been developed [3). Sandberg and Sjoberg [4] 
and Skaret (SJ introduced the concept· of "age of air" to determine 
average ventilation system performance . The age distribution provides 
useful lnformatlon to evaluate the uniformity of the air freshness 
within an enclosure. · 

The prediction of pollutant migration in a ventilated space ls 
not an easy task. In a single enclosure, the Clow pattern depends on 
bulldlng geometry, source characteristics, position and dimension of 
air supply and return, alr flow rate, etc. When the enclosure ls 
dlvlded by a par ti tlon with a door opening ln lt;· the door position ls 
an additional parameter influencing the pollutant •igration pattern . 

This paper studies the influence of door,locatlon on the airflow 
pat tern and the air age distribution ln a ventilated two-zone 
enclosure. Th.e purpose of this study .1s to exaaine: ( 1 l the air age 
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distribution in a ventilated enclosure with the door located in the 
middle of the partition, and (2) the effects of door opening posrtion 
on the ventilation effectiveness, .and the variation of the .average age 
for the two zones. 

ANALYSIS 

A two-zone enclosure with a supply at the middle of the end-wall . 
in zone A, and .. a return on the ceiling of zone B, as shown 1.n Figure l, _ 
was employed for numerical simulation. The two zones are cormected by a 
door opening on the partition. The dimensions of th.e door, the supply 
and return, listed in Table 1, remain fixed throughout this study. In 
Table 1, h, b, and l represent the height, width, and the length 
respectively. 

TABLE 1 The Dimensions of the Opening 

door supply return 

h/H 0.75 0.083 0.056 (l/L) 

b/W I 0.17 0.083 0.083 

The door is placed at five positions, as listed in Table 2, while 
the ·partition remains at the middle of the enclosure. The air velocity 
at the supply opening is 1.0m/s, which provides a ventilation rate of 
2.5 ACH. 

TABLE 2 Door Opening Position 

CASE 2 3 4 5 

0.17 0.33 0.50 0.66 0.83 

With the Bossineqe assumption, the governing equation for the 
three-dimensional isothermal flow and concentration field can be 
written in the following conservation form. 

(1) 

where ¢ indicates each of dependent variables, such as velocity 
components in three directions, contaminant concentration, and the 
turbulent properties; k and c. The computation of k and c ls required 
due to the k-c two-equation model of turbulence adopted in this study. 

The c_e111.ng, floor, and walls a.re considered to be well 
insulated, therefore, an isothermal airflow would be assumed. Besides, 
the thickness of the partition ls considered to be negligibly small in 
comparison wl.th the length of the enclosure. 

The air age (mean value) at a pol.nt ls defined as the time 't that 
has elapsed (on average) since the air entered the enclosure. The local 
mean age of air ls computed by the following form (4): 
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where c
0 

is the initial contaminant concentration of the enclosure, and 

cp(T) is the local concentration at time T, which is determined by its 

own conservation equation. 
The average age of each zone ls calculated as 

1 
T "V j T dV, 

I "1 P 

where V
1
represents the volume of the zone. 

(3) 

The computation was carried out in a 20x14x14 uniform mesh 
system, and the numerical procedure ls similar to that described in 
Refs. [6, 7]. 

RESULTS 

In this study, the air age is normalized by a reference time 

the time needed to replace the air in the enclosure; 

the volume of the enclosure 
Tn = the volume flow rate of supply air · 

T, 
n 

The average air ages of the two zones for five different door 
locations are presented in Figure 2. The average air age in zone A ls 
much smaller than that in zone B for all cases. In zone A, the average 
air age is decreased when the door opening ls moved from the position 
y/\1=0. 17 northward to y/\l=0 . 833. In zone B, the average air age has its 
largest value when the door ls located in the middle of the partition. 
The average air age decreases as the door opening moves from the 
central position towards the walls. 

Figure 3 lllustra.tes, the age distributions in vertical and 
horizontal sections for case 3 (door at the middle of the partition) . 
The air age in zone A ls decreased when the horizontal level rises up 
or the vertical section moves from south to north. This indicates that 
the air circulation in the south part of the zone is not as good as 
that in the north part. In zone B. the local age in the lower region is 
smaller than tnat in the higher region, since the exhaust opening is 
located on the celling, where the air age is always higher than 1n 
other areas . It is noted that in the region near the southern wall. the 
air age in zone B ls quite uniform. 

Figure 4 demonstrates flow patterns and age distributions at the 
vertical section y/\.l~0 . 13, for cases t, 3 and 5. The flow patterns in 
the upstream zone, zone A, strongly resemble each other, as -observed in 
Rei. (7]. As a result, the age distributions in this zone are similar to 
each other. The local age ls increased from ceiling to floor. ln the 
downstream zone, zone B, the average air age in this section for case l 
ls lower than that for the other two cases. The reason ls that 1n case 
1, the vertical section crosses the door opening, and the fresh air 
enters zone B without traveling a l~ng way in zone B. 

At the horizontal section near the floor, z/H=0. 04, as shown in 

' 
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Figure 5, th.ere is an increase in the local age from the partltlon to 
the western wall ln zone A for all cases. The average age of zone A in 
this section rises when the door opening is moved from north to south. 
This is due to the fact that the exhaust opening is located near the 
northern wall, and the air in zone A is sucked into the exhaust with 
less resistance when the door opening is close to the exhaust (case 5). 
ln zone B, the local age\ i ncreases from the parti tlon to the eastern 
wall for case 1. In the other two cases, the e,ge ln the central areas 
are higher than ln the periphery, since the air movement ls in a 
rota t1onal form. 

CONCLUSION 

The airflow pattern and the air age distribution in a ventilated 
partitioned enclosure are predicted by nwner1cal simulation. Effects of 
door opening positions on the air movement are also investigated. The 
foilowing conclusions are drawn from this investigation: 

- The average air age ln the upstream zone is much lower than the 
age in the downstreaJD zone ( their ratio is about 0.6); 

- The average air age in Zone A ls decreased with the door 
opening moving from the southern wall towards the northern wall; 

- The central position of the door opening results in the highest 
average age ln the downstream zone. \/hen the door opening is moved to 
either side, the average age in this zone is decreased. 

For such an arrangement of supply and exhaust openings as 
described above, the best location for a door opening in the partition 
seems to be near the southern wall. 
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