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ABSTRACI. This paper describes how the tracer decay method was used to map all indoor air flows in a passive 
solar residence lri Porto. A specific analysis of the influence of the fireplace chimney was made, showing 
that it accounted for a 50% increase in air exchange rate, and that indoor air movements were strongly affect
ed in both magnitudes and directions. 

1. INTRODUCTION 

One of the major difficulties in the characteriza
tion of the performance of a passive solar building 
lies in the knowledge of air movement patterns 
inside the building. Passive solar buildings~.a"re 
typically multizone spaces at" different temperature 
levels which cause convective currents that combine 
with outdoor air infiltration for complex circula
tion patterns. 
Direct measurement of these air patterns is almost 
impossible because of the very low prevelant air 
velocities, /1/. Indirect forms of measurement are 
thus required, and the tracer-gas methods have been 
proven as a viable alternative, /2/. This method can 
be implemented in different ways, with the most 
collD1lon being the decay,/3,4/, and the steady-state 
concentration ,/5/, techniques. While this latter 
technique requires a more sophisticated control 
apparatus, the fo:rmer has no such requirements but, 
on the other hand, to obtain meaningful results, the 
air volumes in each zone must be know. The volume 
of air in a zone is a difficult quantity to get by 
direct measurement, because the furniture and 
finishing inside each zone, even those with well
-established boundaries - which is not always the 
case-, make it all but impossible to accurately 
account for every detail. 
A tracer decay methodologie that enables the simul
taneous evaluation of the airflows and the airvol
umes in buildings was however developed and vali
dated in a laboratory under controlled conditions, 
/6/, and in a real house, under real climatic condi
tions, where airflows fluctuated as indoor and 
outdoor temperatures and outdoor wind conditions 
chanted,/7/. 
This paper describes how such a technique was used 
to map all indoor airflows in a passive solar house 
in Porto and the results that were obtained. The 
objective was to quantify indoor airflows under 
several operating rrodes (e .g. , opened or closed room 
doors, consequences of a fireplace and glazing 
protections, etc.) to allow f or better insight into 
thennal energy flows, (e.g.,the relative weight of 
radiative and convective energy transfer) and indoor 
air quality (effective air exchange rates) in ordi
nary passive solar buildings. 

2. PASSIVE SOLAR HOUSE 

The tests were carried out in a two-story passive 
solar house, the C.T.O., /8/, shown in Figs.land 
2. The building, a three-bedroom single-family house 
with 150 m2, is wholly oriented to the south. There 
are only small windows on the north, east and west 
sides, to allow cross ventilation in surmner. The 
main rooms face south and the service areas are on 
the north side, providing a buffer zone around the 
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Fig.l - The C.T.O. 
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Fig.2. - C.T.O. Plans 

main rooms. 
The CTO has an all-electric auxiliary heating sys
tem that can thermostatically control individual 
rooms to the desired temperature level, but it also 
has a fireplace in the center of the living-room, 
in the lower-floor. Although great care was put 
during construction to ensure the tightness of the 
chimney and the duct that brings outdoor air for 
combustion when the fireplace is in operation, the 
results described in a later section show that the 
influence of the fireplace upon air infiltration 
and indoor air movements is quite important. 
The attic above the bedrooms was completely sealed 
from the rest of the building to minimize its in
fluence upon air infiltration and indoor air move-



ments. As such, the house could be considered as a 
two-zone space, as long as all the inteTilal doors 
were kept open all the time, each zone correspond
ing to each of the two floors. 
Tests other than those reported in this paper,/9/, 
have shown that, when a door is closed, the respec
tive room behaves as a separate zone with little 
interaction with the rest of the house. 

3. TEST ME1l!OOOLOGY 

The tests were performed with Qi4 as the tracer-gas· 
For each test, a pulse of Q-l4 was released in one 
of the zones and the ensuying varying concentrations 
were measured in both zones. The procedure was 
repeated with the al4 pulse released in the other 
zone . Fig .3 shows the concentration of tracer gas 
in both zones, in the two experiments of one of the 
tests carried out . 
The concentrations were measured by a single cali
brated infrared detector, which received air from 
all sampling points through a multiplexer pro
gTanmed in an appropriate sequence. 
To enhance tmifonnit:y of indoor air properties, 
small fans were placed in each zone to :improve mix
ing within them. Furthennore, the outlets of the 
tracer-gas injection lines were placed downstream 
of the fans in order to spread the gas more evently. 

4. RESULTS 

Indoor air movements inside tlie cro change of course, 
with the prevailing outcloor weather, i.e. , wind 
speed, wind direction and br temperature, which 
strongly affect air infiltration. A thorough analy
sis of air infiltrat ion in the cro, /10/, carried 
out by sL.andard tracer-gas techniques , /11/, has 
shown that the air infiltration could be correlated 
with wind speed, wind direction and stack effect 
according to the equation 

I = 0.512 + 6.184E-3 AT+ o.014v;outh+ 0.008E-3V2(1) 

where: 
AT - Temperature difference 
Vsouth - \qind component acting on the south fa~ade 
\I - Wind component acting on the other fa~ades 

The average air infiltration for the mean seasonal 
climatic conditions is 0.7S RPH. 
These tests showed that the south wind plays a fun
damental role in the air in£iltration: as can be 
seen in equation (1), the regTession coefficient for 
the south wind ccmponent has a significantly higher 
v~l~e when compared with the remainder weather coef
ficlents, namely other wind directions and stack ef-
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feet. Physicaly, this is r elated to the large glaz
ed area of the south fa~ade, and small wind varia
tions in that direction have significant effects 
upon the subsequent air infiltration. 
In order to verify the influence of outdoor weather 
conditions upon the indoor air movements in the CTO 
several tests were carried out followlhg the meth
odology described in the previous section. Fig .4 
show~ the airflows inside the CTO under widely 
varymg outdoor weather conditions, with winds 
blowing from several di·rections. 
The main conclusions obtained from these results 
are the following: 
- .Each flo?r of this two-story residence exchanges 
air both w1 th outdoors and with the other floor, 
through the staircase. There is a do1>nward flow of 
cooled air along the north wall of the building and 
an upward flow of wanner air through the main shaft 
of the stain:ase . 
- There is a net downward flow under most circum
stances, which is related with the induced stack 
effect of the fireplace ch.imne)•. 
As can bei seen, the changes in indoor air movement 
with outdoor weather are more pronounced in magni
t ude, as the overall directions of the airflows 
remain relatively constant. 
In ord~r ~o ~erify.the . influence of the fireplace 
upon all' infiltration lll the cro, the fireplace was 
completely sealed from the rest of the house, ~.hlch 
therefore behav~d as i£ the fireplace did not exist. 
Tracer-gas tests were then performed following the 
same methodology used in the tests just described. 
In this new situation, the air infiltl'ation is re
lated with wind speed 1 Wind direction and stack 
effect according the following equation, /10/ : 

I= 0.294 + 0.014AT + 0.019V2 + O 008E-3V2 south • (2) 

The average air infiltration for the mean seasonal 
climatic conditions is I .. 0.47 RPH . 
Once. again, the south wind plays a fundamental role 
upon air infiltration, but there is a clear decrease 
of the magnitude of air infiltration - almost 50% -
when compared with the usual running mode, i.e ., 
with the fireplace not sealed. 
Several tw0 zone tracer-gas tests were also ca;rried 
out when the fireplace was sealed, as shown in Fig .S. 
The main conclusions obtained from these tests are 
the following: 
- TI-le net airflow rate between the two stories of 
the cro is now from the grotmd floor towards the 
first. floor, i.e. • it is the opposite of the direc
tion identified in the previous case. lhls is relat
ed to the absence of the stack effect induced by the 
fireplace chimney . 
- TI-iere is a decrease in the global air infiltration 
o~ the CTO wh~n c;:oITIJ?ared with the situation of open 
fireplace. This is ln agrearnent with the single-zone 
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a) Pulse release in zone 1 b) Pulse release in zone 2 

Fig.3 - Tracer-gas concentration profiles 
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TE S T #1 TE ST #2 ']'. J: s J' ff:J 
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Climatic Conditions 

Test Wind Temperature [ • c] Infiltration [RPH] 
II • Dir [•] Int [lmt\J Ext Z,l z.z Test 1· Global Multizone 

1 1,0 0,98 
1 188 26.8 16,6 20,7 21.11 z 1.D 1,0 
2 3115 28,15 13.8 22,0 22,4 3 0,152 0.04 
3 2154 12.8 1-4,4 20,4 21 "4 

Fig.4 - Measured airflow rates in the C.T.O. 

TEST #4 TE S,T #5 T E S T //G 

38 
81 80 

143 
125 195 59 114 121 

36 2..1 74 112 
~ 

Climatic conditions 

Test Wind Temperaturec•c] Infiltration [RPH] 
# • Dlr [·] Int [lm/h] Erl Z.l z.z 
4 108 11.6 13.8 21.0 2UI 
5 90 211,2 11,5 18,9 21.4 
6 2158 182 14.7 21,.7 2Z.2 

Test ,. Global Multi zone 
4 0,22 0.25 
s 0.72 0,70 
6 0,54 0,!16 

Fig.5 - Measured airflow rates in the C.T.O. with the fireplace sealed. 

whole-house infiltration results obtained earlier 
(eqn. 2). 
Once again the sole effect of the outdoor weather 
upon the indoor air movements is in the magnitude 
of the airflows. lhe relative directions remained 
constant in most of the tests. 

5. CONCLUSIONS 

The tracer gas methodology used in this work has 
proven to be reliable for the measurement of indoor 
air movements in building under real conditions. 
The tests perfonned in the CTO showed that: 
- \'/hen the interior ·doors are open , each floor of 
the CTO behaves as an individual zone. 
- Under normal conditions, both floors exchange air 
with outdoors and with. each other. 

136 

If the doors are closed, the rooms with closed 
doors behave as additional zones with little 
interactioi:i witJ:t the rest of the building . As the 
number of l.Jlterior closed doors increases the mag
nitude of the air infiltration rate decre~ses due 
to the higher resistance to airflow. 
- Indoor air movements change in magnitude as the 
outdoor weather changes , but the mean directions 
of the airflows remain relatively constant for 
most. weather conditions. ' 
~ lhe fir7place is responsible for a significant 
~ncrease in the global air infiltration of build
ings. So, to reduce air infiltration when there is 
a fireplace, i~ is necessary to improve the tight
ness ?f the chlJl\lley and the window frames, 
- A fireplace plays a fundamental role in the over
all pattern of indoor air movement inside a house. 
In this particular case, an ,inversion of the net 
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airflow rate between both floors was observed: 
While there was a net downwards airflow when the 
fireplace was not sealed, there was a net upwards 
airflow after it was sealed. 

Fireplace open Fireplace sealed 
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