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Introduction 

Investigation and research into the so-called 
"sick building" phenomenon has been 
steadily increasing during the past IO years, 
partially due to the emergence of the energy 
crisis of 1973. Hundreds of detailed case 
studies in residential and commercial build­
ings have been carried out in Europe, the 
U.S .A., Canada and Japan. However, very few 
results in the literature can give definite or 
clear answers for the cause of the sic;kness; 
or an effective method to prevent the 
problem. It has been shown that energy 
conservation with its tight building techni­
ques and consequentally decreasing ventila­
tion rate, plus the introduction of new 
building materials and equipment have all 
played important roles in the sickness 
syndrome. 

The demand for improved indoor air quality 
as well as reducing energy costs has focused 
more attention on the modelling of infil­
tration and indoor air flow in buildings. A 
common characteristic of most existing 
buildings is that they have floor pla~s and 
internal partitioning, which makes the 
single-cell model redundant. Many multi­
room models have been developed . A review 
of the literature shows that most of these 
programme'! are not available to the public, 
especially the programmes which can suit 
specific needs, such as energy cost analysis 
and indoor air quality analysis. The diffi­
culties in developing such a model are how 
to determine the parameters of input data, 
such as the wind pressure distribution, 
leakage distribution, etc, see The COMIS 
Group ( 1989). How to validate the model by 
the experiment is another problem, see 
Feustel et al (1985), and Feustel ( 1989). 

The work carried out here was to simulate 
infiltration, and indoor air movement and its 
interaction with the mechanical ventilation 
in multi-room buildings. A multi-room 
indoor air quality prediction model was com-
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b,~ ~ IJ~~ ~k~ m~lh-room indoor air flow 
model. The multi-room indoor air flow model 
is called MIX (multi-room infiltration and 
exfiltration). The single-cell version of MJX is 
called SIX (single-cell infiltration and ex fi 1-
tration). The program MIX was employed to 
study a series of indoor air quality problems. 
These consisted of smell transfer, tobacco 
smoke spreading, radon ·concentration, and 
the moisture content in buildings. The influ­
ences of infiltration on the operation of an 
exhaust ventilation system, balanced venti ­
lation system, and the mechanical ventilation 
system in high -rise buildings, were also in­
vestigated. Lastly, a new combined method 
of natural ventilation and mechanical venti­
lation was developed by using MIX . A 
description of the model and the results will 
be published in several different papers, see 
Li et al (1990) and Li (l 990a- I 990g). A 
general discussions now follows. 

Multi-room Model MIX 

The building surfaces and indoor partitions 
contain openings, either large or small, which 
permit the air to flow through them 
whenever there are pressure differences 
across the openings. The pressure differences 
may be due to naturally occurring wind, 
indoor-outdoor temperature differences, or 
the operation of mechanical ventilation. MIX 
considered the multi-room building as a 
complicated interconnecting system of flow 
paths, and can be used to predict air flow 
rates between rooms, across the outside 
envelopes, and through the mechanical ven­
tilation system. As well as predicting room 
pressures and indoor pollutant transfer. For 
the theoretical background of MIX, see Li et 
al (l 990). 

To run MIX, the following data are required. 

o Building description by: 
- number of rooms 
- volume of each room 
- height of each room 
- flow path interconnections 

o Flow description by: 
type of ventilation system 

- initial ventilation flow rate 
- leakage area of each flow path 
- kt values and exponent 
- flow resistence of the ventilation system 
- fan characteristics 

chimney temperature and height 
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o Environmental description by: For the comparison between the measure­
ment of the houses and the prediction of 
indoor air flow by MIX, two measurement 
data sets are chosen from AIC mathematical 
model validation data, see AIC (1981). The 
houses used in the experiment are called 
HUDAC upgraded house and HUDAC standard 
house. The ranges of ventilation conditions of 
each data sets are listed in Table I. 

- external and internal air temperature 
- wind speed and direction 
- shielding and terrain conditions 
- atmospheric pressure 

o Pollutant description by: 
- source and sink of pollutant 
- initial concentration for dynamic case 

Table I. List of validation data. 

House Country Time u n 

HUDAC Canada 
up grad 

Summer,79 1,0-10,6 - 7,9-40,6 0,05-0,32 
Winter,79 

HUDAC Canada Winter 
78-79 

1,0-10,6 6,3-40,6 0, 15-0,42 
standard 

where 

U = wind speed, m/s 
f).9 = indoor-outdoor temperature dofference, oc 
n = infiltration rate, ach 

Table 2. Values of leakage cofficient k1• 

House Wall 1 Wall 2 Wall 3 Wall 4 Ceiling 

HUDACu. 0,000172 0,000172 
HUDAC s. 0,000232 0,000232 

0,000172 0,000069 0,000082 
0,000186 0,000093 0,000112 

where 

k1 = leakage coefficient, m3/s at 1 Pa. 

Table 3. The cp distribution on envelope. 

Direction Wall 1 Wall 2 Wall 3 Wall 4 Roof Roof 
-------- --------------------------------------- --------- ----- ----- ----
N 0,4 -0,4 -0,4 -0, I 0,0 -0,3 
NW 0,5 -0,3 -0 ,5 -0,3 -0,3 -0,3 
w 0,0 0,5 · 0 ,3 -0,3 -0,3 -0,3 
s 0,4 0,0 -0 ,3 0, 1 0,0 -0,3 
E -0,2 -0,2 0,2 -0,3 -0,3 -0,3 
NE 0,5 -0,3 -0,4 0, 1 -0,3 -0,3 

where 

c P = the pressure coefficient 



The single-cell version, SIX, was adopted to 
predict the air infiltration rates. This is 
because the internal flow paths in the 
previous measuremental houses are very 
difficult to specify due to the limited des­
cription in the present publications. The 
values of major parameters used in the cor­
responding calculation are listed in Table 2 
and Table 3. 

The differences between calculated and 
measured air infiltration rates for a HUDAC 
upgraded house and a HUDAC standard 
house are illustrated by Figures l - and 2 
respectively. After analysing the sources of 
error and sens1ttv1ty of the infiltration 
models to the sources, Etheridge ( 1988) 
concluded that the error in the calculated 
infiltration rate could be expected to be less 
than ±25 % at best. Hence, calculations within 
±.25 % of measurement were regarded as 
satisfactory. For a HUDAC upgraded house, 
and a standard HUDAC house, 42 of 49 
calculations and 28 of 32 calculations were 
within ±25% of measurement, respectively. 

To compare the measurement and the 
prediction of indoor air quality by MIX, the 
experimental data from Charles et al (1974) 
was chosen. Again, the single-cell version SIX 
was adopted to predicted the concentration 
of ozone vs. time. The values of major para­
meters used in the corresponding calculation 
were the same as in Charles et al (1974). The 
result is shown in Fig. 3 and Fig. 4. 

Fig. 1 to Fig. 4 indicate a good agreement 
between the calculation by MIX(SIX) and the 
measurement of both indoor air flow and 
indoor air quality . Unforturnately, a com­
plete comparison for individual rooms is not 
available. Nevertheless the results using MIX 
are encouraging. 

Tightness and indoor air flow 

It was found that both the indoor air flow 
and air flow direction have considerable in­
fluence on the concentration of pollutants 
produced in buildings, and could be used 
effectively to control the accumulation of 
such pollutants. The tightness of a building is 
an important factor in influencing the air 
flow rate, and sometimes, also the air flow 
direction. For example, a change in the dis­
tribution of leakage or an opening can result 
in a different air flow rate and direction. 

From the point of view of the operation of a 
mechanical ventilation system, the air flow 
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through a leakage or opening of a building is 
an uncontrolled flow, because of the driving 
force related to an uncontrolled climate. This 
uncontrolled flow may possibly result in the 
unstable operation of the mechanical venti­
lation system, or at least, the unsteady 
supply of fresh air. There will also be little 
control over the pattern of air movement 
within the building. 

Heating cost and building construction cost 
are two other factors which influence tight­
ness. What is the correct tightness? It is a 
question of balancing economics and living 
standards, to produce an optimum living 
environment. 

One point is clear, that is the level of 
tightness of a building should be chosen 
according to the type of ventilation system. 
A building with a balanced ventilation 
system must be tighter than an exhaust 
ventilation. A building without any mecha­
nical ventilation must have more leakage 
than one with. Generally, if a building is not 
tight, there is no need for a mechanical ven­
tilation system. If the building is very tight, 
a mechanical ventilation system must be 
installed, see Fig. 5. 

It should be noted that in Fig. 5, the figures 
are only approximately estimated from 
practical experience. They are included for 
convenience and comparison . The kr-values 
were then translated approximately into air 
change rate values at normal conditions and 
at 50 Pa. The values in Fig. 5 are not so 
important here, The important points are 
that, firstly, there is some type of rela­
tionship between the installation of the 
mechanical ventilation system and tightness 
of the building. Secondly, there probably 
exists a range of k1-values, when natural 
ventilation alone is not adaquate, however 
the external influences may still be too great 
to allow the normal operation of a mecha­
nical ventilation system. This is the worst 
situation, and should be avoided. 

Summary 

MIX is a model of indoor air flow for multi­
room buildings, taking into account: mecha­
nical ventilation, tightness of the building, 
terrain and shielding conditions, and climate 
conditions. It can be used to predict air flows 
between the rooms, air flows across the 
envelopes, air flows through the mechanical 
ventilation system and indoor pollutant 
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Fig. 1. Comparison between calculated and 
measured air infiltration rates (HUDAC 
upgraded house). 
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Fig . 3. Concentration of ozone vs. time for 
hallways in Noyes Lab, October 16,1973. 
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Fig. 2. Comparison between calculated and 
measured air infiltration rates (HUDAC 
standard house). 
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Fig. 4. Concentration of ozone vs. time for 
various rooms in Noyes Lab, October 16, 
1973. 
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Fig. 5. Tightness and ventilation type. 

transfer. The single-cell version of MIX, 
which is SIX, show a good agreement be­
tween calculated, and experimental values 
both in terms of indoor air flow and indoor 
air quality. 
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INDOOR AIR QUALITY&: VENTD.ATION 
IN WARM CLIMATES 

Wloll potlcmJ or '"'°"' 111 qo.r• 7 b«onli"I ln<O:Ul"llt - 11 It ..,. ... ., 
tO l\t.•~ a ru P'IOtC ~ ~ fwwhmcnt.aJ ~~·I'll ol Ole oc:oirm« oC 
IPCt' f'lc ctw:mkal'1 II\ Ir-door Nr. W'd. of Wlr m~un, ot 11scrllCllon .and fl\oda 

of '"""'"""'· Thc1C .,. h<l•flt 1nnoenocd """ lrt bolldl"I «o1p1 ""' 
COOlwci/oi! """""'' u ... u .. bulldln1 '<ftlilMloo ""' .. olnlcNolc<. Ullk 
.uMtlon tw been p.aSd ID ll'cx' ~un• In wum chmws where buildln1 dofp 
un tit 'hlbsLnlaJI)' dlrt'tmtl fn)m U\.K lft eokk:t tHr.tMCS ..r w~ lllUT\Allyt; 
i)ftCm' lift" In UIC ror O:Ollnt: and ~"a'U\lllf lnJ. OccvpadorW W dotr'aUt 
npo111" m tptdnc chcmk:.a.11 ttom 1 wide: niambrt Of Qllllil:S lnc:ludin1 eo0Un1. 
dcat'i,... t»Udif'C mMCtbl1 and uftOl-f,tJ &fl f'Ud c.attC1i1I ('tai'Ult&on ll do mdl 
pt"ObkmJ a; 'jJQ bUfldil'll t)ftSf':MTIC"' *""' ''*' ~t •t.ndOIS ttinddcr.bk 
uk'C\IJon In mllf\y covmtle1. ~ ill'IPoMnCX or tltfV\C('Ci.dl Md &crvb: dcsJp h 
wide.It id.no'illkda<"d. and m.an:r lmovaUwe chin~ "' ~ ltH " f\tl .~ Jn 
- "" -lqnl ""' dc<doell"I -4. 

Acconlin1ly. I.he ainfcrenoe will c.cnt~ on the M:Lcn1ir\c, enctnttrtn1 .t hcallh 
.....,. or Indoor •h qi.iaJkr and <ii~l &l loft 5n WJITlll d l'9 .. -t!Ull CCl"IQC'ftndlll 
_. lhe lollowln1 ""'°' .,,.,_ 

~ c-.. lltdr '""'"'"""- Dlq>M'°" """MoMW., 

- If"""-.'"""""'' If,_""" - Ail c-..., 
C- TIT«• - ""'"" ,. H,,..,,. """ v........, If .,._,, 
I- Ail QM<llby '"""-- If~ H_, w C-., l'rooc...., 

Mt6on1t il4irlitl'k '1r w.,,.. Clilrtisla 

- Tobacco.-, OAd la Tlf«0 ...itr 01/f,,_ C­
C-. 

~~IOSj>«jl<C-lowl--

Dv«t .J lodlr«f Tlf«0 If ,.,_ .,. H- H- k"'41oi ~l.t -
~MdtoJoloa 

. v.- ""' «An c....... 5,,_,.., - ,..,,....,,""" - l'..c-'< 
,~ 

8CMh u&c~f·dae·lft rnlntl Ind ori&INI taelrd'I ptpe" wiU ht pratnltd u will 
..,ectrte UM aud~ Ind field cnlullionl. 


