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Abstract 

The predominant route for air movements between the floors 
of two-storey dwellings is via the stairwell. Such air 
movements are of significance in the assessment of building 
performance: for instance, it is possible that moisture could 
be transferred from ground floor areas to rooms on the first 
floor, resulting in an increase in condensation risk in such 
rooms. Several domestic heating schemes have been designed 
such that heating appliances are provided on the ground floor 
only; the upper floor relying on convective airflows for 
heating. If the ground floor to first floor airflow induce 
by such a system is too small, then the upstairs room will not 
attain the desired temperature, which in turn could lead to 
condensation problems, quite apart from the issue of occupant 
discomfort. 

This paper summarises two case studies of air movement 
measurements performed by means of the U M I S T  PCS system, and 
analyses the data in terms of moisture migration and heat 
transfer. 

Introduction 

Condensation in dwellings has proved to be one of the biggest 
technical problems confrontingthe building professions during 
che 1980s. The three principle causes of condensation can be 
reasonabiy said to be ina6equate heating, inadequate 
ventilation and occupant behaviour, and much research in the 
fie13 has been concerned with the influence of these 
va-iabies- Ventiiation research in relation to condensation 
nas gezerally been confined to measurements of whole house 
7-.-. +-: 1 d e E L l  etion rates: air rnovexnencs within dwellings have 
received ccmparetively little attention, mostly, it suspected 
by r n c  authors, as a result of a lack of widespread access to 
s ~ i i c a b l e  interzcnal airflow measuremert apparatus. Air 
n;evcme,rlt within a building envelope can be a significant 
r::ctcr in the occurrence of ccndensatisn L-isk :  far instance, . - .  
i~ co&la cs cn-*fisaged that water vapour could be transferred A 

'-. . . ,= d i ~  KG-zexent frs;3 areas of high moisture production within 
2 dweil ing (such 2s kitchens and bathrsomsf to ocher rooms if 
: z s u f  f Fcient csnsiCex-ation is given to building laycut and 
diszribu~ion cf ventilation. 

C ?  -- : . . ,.,-s p e ~ c r  Sr~erly dcscri~es two studies cf airflows between 
r,ire -we f Iosz-s cf do~cestic properties. The first stuCG LAY 
cen t res  upcn an ~sscssment of the efficiency of a parrial . , .  heating schcme vl:nln a local authority property, in t c r m s  of 
7- r 

. . 
,,.e crcvlslon cf ~ufficicnt !~cetir.g tr! the first floor. 'i'h~, 
:;econ5 study is czncerned wiYn the influence of a kitchen 
Fxtr3cr fan u p n  cps-cairs/dswnstairs airflows. 



Experimental 

i) Partially-heated house. 

The test house is shown in figure 1. It is a local authority- 
owned house, and is a mid-terraced property. The design U- 
values of the walls and roof (0.27 and 0.35 w/m2/degc 
respectively) are significantly lower than those laid down by 
the Building Regulations in force at the time of construction 
(1384). All windows are single glazed. The house is heated 
by two balanced-f lue gas heaters. The first is located in the 
lounge, and is rated at 0.76 to 2 . 3 5  kW output. The second 
heater is located in the hall. It is fitted with a heat 
exchanger for space heating, and is rated at 0.83 to 2.5 kW 
output. In order to supply background heating to the ground 
flocr stores and WC, permanent grilles are provided give free 
passage of air from the lounge to the WC via the two stores. 
A wall fan, switched with room lighting, is installed in the 
WC so as to ensure a background level of air movement from the 
lounge to these spaces. The purpose of the house design is to 
neat the first floor by mear,s of natural convection. To 
encourage air movement on the first floor, fanlights are 
pcjsitioned above all first floor doors, and, in addition, 
gaps have b e ~ n  deliberately left under the doors themselves. 
A fen pressurization test of the property revealed an air 
leakaqe raEe of 1787m3/hr at 5 0  Pascals positive pressure 
difference, which represents an eir change rate of 
apprcxinately 9.7ach. 

Durinq chz zracer gas stxdy, the folicwing parameters were 
measured and recorded: 

a! ven~iiztion rates on the -,rorznd flocr and first fiocr; 

1 
- .  two-~irectiona~ a l r  novcxents betxeen the two f ioors; 

. . 
: . 7  ' 7 , -  

. - 
e speed al;d wlna airccticn at a height sf 1 C i  

:cerE-c:s. 

-. . .. ~ r ,  ir-..s t u d v  t j ,c test i;cxsc is 2 three-k;sc::r-;-~- 
, I ,,,,,ed, end- 

terrac:cn iccai a2khcrii-y propert7>j cf erlergv aesigr;: grcund .. 
, - a  ;r.., , 7 ar,d first f l ~ c : ~  ~ l a ~ ~ s  are s:?swn iil rlqure 2 -  lAit;; nouse  was 

built thf early 1 9 8 3 ~ ~  acd is cf brick and bl-- a d &  

- ' cosstrl;cl--on with a filled cavi-,;.. Tkr,~ :zesl,g.n c-vaiues of - - 
a .7T  v,,, i i s  . ,3pij rwf 3;-;^c 0.24 4 ~ ~ 2 . 7  G ~ / Y C - ' / G ~  

. - , >,, ,,. L~q(:  l-especr:vely . T k c  
* .  windcws are double glazed. .ykLe h o ? ~ s ~  1s fiea,ea . - by acafis of - . . .  a s c ~ l ~ 2  fuoi - hezter, which sup~lics ducc-d w a r 5  air to both 



floors. Careful consideration was given to the issues of air 
leakage and ventilation provision at the design stage. The 
design ventilation rate is set at 1.Oach: this has been 
achieved by paying careful attention to the quality of joints 
in the construction, by the use of draught stripping, and by 
the provision of draught lobbies. The kitchen is fitted with 
extract fan, whilst a-11 windows are fitted with window head 
trickle ventilators. For this particular study, the trickle 
ventilators an internal doors were left open. 

The parameters measured during the tracer gas study were to 
all intents and purposes the same as those measured during 
the partially heated house study. 

iii) Details of tracer gas technique 

Ventilation rates and inter-zonal air movement measurements 
were performed using the PCS equipment developed at UMIST.' 
Briefly, the equipment consists of an Analytical Instruments 
Model 505 portable electron capture gas chromatograph, 
modified for parallel column operation. The purpose of the 
modification is to increase the rate of data acquisition by 
utilising the "dead timefg associated with the passage of 
airjtracer gas samples through a chromatographic separation 
columns. 

In both stuaies, two tracer gases were used, namely Freon 12 
and Freon 114. Prior to tracer gas injection, the two floors 
of the test house in question were isolated by means of a PVC 
sheet and adhesive tape. The tracer gases were injected, 
(Freon 12 into the ground floor, Freon 114 into the first 
f lcor: good mixing was achieved 5y neans of oscillating fans. 
At the commencement of each test, the PVC skeec was removed- 

Results and Discussion 

i) Partial heating study- 

The results arc given in table 1. Fcr  zkis house, whsle h s u s e  
ventilation rates, taken as the acan of xhe ground floor and 
first floor ventilation rates, varied be tween  0 . 3 d - 0 . 9 1  air 
chezqes per hour for a range of wixdspeeds between 1.0 and 
5.5 mjs. Variaticn in wind directio~ during the test peris5 
wes very linited, but dcspite this, i-i is apperent that whole 
house ventilation rates are rather sensitive tc changes in 
x i n d  direction. As might reascnabiy be expected, wind - .  
, -" ,Y UL,ections perpendicular to the ridge axis are associa~ed xith 
 he highest whole h~use ventilation rates for a given 
windspeed. 

A 5 r  zovements bctwcrn g r o ~ n d  and f i rsc  flcsr vith the hczrcrs 
3r: iie in the rarlge of 100 to 25C m3/ r . r ,  :zrkiisz air movcrccnxs 
ir, tne opposi~e di  reczion lie ir, t5c range cf 60 z2 102~'/hf, 



airflows lie in the range 130 to 178m3/hr: airflows in the 
opposite direction are of a similar order of magnitude. When 
the kitchen fan is switched on, however, the ground floor to 
first floor airflows are reduced to the range 10-30m3/hr. At 
windspeeds less than 2m/s, the use of the kitchen fan does not 
appear to have a pronounced effect upon first floor to ground 
flocr airflows: above this value, however, increasing 
windspeed has the effect of reducing the airflow from first 
floor to ground floor. This is due to the increased cross- 
flow ventilation on the first floor. 

The value of extract fans in the removal of water vapour at 
or close to the area of production is well established. 
Quite apart from reducing the vapour pressure in the zone in 
which the fan is located, the concomitant reduction in 
airflow to the first floor is of the order of 8 5 % ,  which would 
result in a significant reduction in the amount of water 
vapour being allowed to migrate to rooms on the first floor 
such as bedrooms which are susceptible to condensation 
problems. It should be mentioned in passing that there is 
another benefit to the use of the ground floor extract fan 
namely that airflow (and hence migration of water vapour) into 
the roofspace is also significantly reduced.' 

The two studres briefly described in this paper demonstrate 
the usefulness of multiple tracer gas techniques in the 
neascrement of airflows beizween two floors of a dwelling. It 
shozlc? be acknowledged, hckrcvc-r, that the division of a 
typical two flo~r house i n  two zcnes represents an approach 
to the measurenenc of airflows wnich may in many cases not be 
sufficiently sophisticated ts yiclc data wi-ci? sufficiezt 
detail. In such circumstances, the degree of subdivision, and 
hence the number of tracer gases used, should be increased. 

REPEREMCES 

(1 C Irwin, g L Edwards, A 'c Howarch : 
BSE&RiT,  v > l  6 ,  !LTrj 4, p X  145-132, 1955. 

( 2 1  I Brewertc~: 
"Low-cost f 7211 house B c a t  ing in i o ? ~  enercv 2 .. n o u s i r g i ;  : 
Final report ro 9 R E C S U ,  198';. 



~
m

~
m

 
m

 
~

m
~

m
~

i
 

m
s

n
o

 
L

?
-

L
?

 
m

~
,

n
-

-
n

~
?

c
.

2
 

r
-
 

n
 

if 
m

 
o
 

m
r

-
n

-
i

m
 

-
7

~
~

1
.

~
0

 
m

a
r

-
.

 
r

.
~

<
m

-
~

.
z

-
-

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. 
. 

0
 

0
 

0
 

0
0

 
0
 

O
C

O
O

O
 

0
8

0
4

 
3

-
4

0
 

3
0

0
0

0
C

O
 

N
 

N
 

N
<
 

o
 

o
4

0
4

r
n

 
m

m
m

n
 

n
n

o
 

o
n

n
n

o
m

-
 

4
 

4
 

= 
4
4
 

,4
 

d
.
-
,
d
d
 

r-4
 

4
 

4
-
3
 



UPP 
FLO 
PLA 

LiWING/DINING 

Figure 1. 
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Figure 2. 
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