
AS a result v f  Q desire to 
ecmomise in the ua dcnergy 
in the domestic sector, various 
B ~ W B Y  conservalion meawes ion and O U ~  
have been taken In all 
counirres where, because o f  
clmat~c reasons, rmbs(an11al 
mounts of fuel are requlred 
to heat homes 

T~ a r i ~ n t ~ a a ~  alms& environmen r r  . 
emywhere, been givkn l o  the 
awlicacion or dditiond By D W Efheridge and D J Nevrals, British Gats 
insulation. 

In  the UK revised Buiidlng 
Regulations (I) have been 
i&oducal end houses built to 
this standard show a s$- 
niiicant b o p  in tho design 
heat loss. Some houses are 
already bdng bafll Po a higher 
degrae of insuiatiw (2). 

One-family hoax6 are the 
predominant form or housing 
in tk VK conhibuting 78 
percart (3) of the total number 
or dwellings, end i t  i s  M o r e  
evident that their e n q y  
puformance wil l  be the key to 
any substantial savillg i n  the 
domestic enlor. The applica- 
Lion of further insulation to the 
structure d the house has 
resulted m the rdative growth 
in importance of the ventila- 
tion heat low as e rraction of 
the total, rising from around 
20 pucent to nearly half of 
the total design he& require- 
ment (4) 

Any rurtha mergy saving 
measurcs,wili, inwkably, con- 
sider ways of minimising t h e  
ventilation component, but 
before any such measures are 
taken careful consideration 
will have lo be given lo 
whether they are eWctive and 
even &sirable. 

The pmvislon or fresh air is 
required for health snd 
comfarc reasons and the 
recommended minimum mies 
of Resh air supply for dwell- 
ings are glven by British 
Standard Code of Practice 
CP3 (5). Fresh air may also 
be required to maintain the 
sare and satlsractory opeta- 
tion of  a lossil fuel appliance. 
I t  has been &own that a 
supply of tresh air for the 
needs or the occupants is more 
than adequate Tor the safe 
operation or open Rued gas 
appliances (6). However, there 
has been a growth in the pop- 
ularity of gea balanced five 
appliances which do not need 
the provision of combustion 
ah. In the house. 
The Watson House 

leboretories d t h e  British Gas 
Corporation have undertaken 
an extensive research pro- 
gramme on dl aspects of  air 
infiltration in haustrs - It$ 
energy conservalion potentl.4, 
influence on apnce conditlan- 
in8 systems and its Impact on 
the thermal environment, The 
research programmte has 
covered field measutemenlrr, 
test house nnd wind tunnel 
expetiments, theoretical 
anslysib and subjective tesld in 
e controlled temperature 
mom, The applicabllkg ot  
Continental experien~l wkh 
mechanical ventilsdon hes 
also been teviewcd. 

By m n s  of m e  of aur 
reseetbh rzsulfs and the results 
of olhers, I( l a  inlended lo 
)Ilustrme thd sources and 
mebhanlsms or ~nflltretton &!Kd 

TABLE 1 Range of Open Areas Measured 

in  S i x  Well ing8 

Fig I ;  Leakage througlr wicldows at 100 Pa. conrporism 
belween measurefnerrts and srandords. 
Fig 3, fop right: Leakage oj konses el 50 Po. conprisort 
between measurerner~ls arld stortdsrds. 
Fig I ,  nriddle right: Natural and a(echatlicdvetrrtfati&r races 
B.G.C. rest house ~relirrrirroryhouse) 
Fig 5 ,  bdrom riglrt: Velocily a r ~ d  lmperalure profiles irr d 
IIviflg rwnr. fixterndl lenlperalure %, ?b!ean wind speed 3 
mls parallel with house, window and exrernal door rwarhw- 
slripped, m a ~ r  mdhior  tenrperarure 45°C(umler witdrnvu) 
A! -0 .5  m/mm door, curtabr operr 
A2 - 0.5 mfram door, curtain closed 
B - cerrtre of roam, I.75 nr fronr windorv, currdn&sal 
Fig 6, lop right, second page: Disrriburlo~~ $ f w l  W. 
Beqord scdk, Jh &rerent draught ternprolures ajfd 
velocities. BedJord scole; 1 - much roo cool; 2 - rw coo?; 3 - 
mfvt iably  mi; 4 - con~orloble: 5 - corr~firlably wann; 6 - roo wm; 7 -n~ucA loo wrnl 
fig 7, centre, &cmd page: Cakuldled regressiort rim o j f i  
vore againsl draugAl tetl,mroiare. (R = 0.303, 93 degrees oJ 

freedon!, s i g ~ r l f k a m  f e ~ e l p  c ,7005) 
Fig 8, botronr tight, secortd page: A plot qf overall vote 
agaluslJbo1 rwte 

to give an insutt  h u  the 
&ierns ihet R may tatib'e in 
r u m  hws ie .  

Natural. vrmi!.etj, occurs 
as a result of pressure 
dilTermces acting across open- 
i n 0  in We mu* or a 
dw- me qnn\k$s can % 
divided k t o  Vwo types, 4 
p u ~ - p r o ~ d d  a d  advcan- 
litiaus, thelat(a an +5qly a# 
d the cqrenitg~ which are me4 
purpcae-provided hMtrpl%n, 
m adventRioua wnlilmion is 
lhal par3 of the awrd 
&lation which is && the 
adventitious openings. 

'Fhe pressure 
wiac as a res& dtiieudbn 
o l  h e  wind and the a& d 
b t q m y ,  TW wi#a ~ m t r a ~  
a pressure distrhtm wa 
the exiernsl mrace of the 
d d i n g  snd my bmyayancy of 
air b i d e  da dwelllag modifies 
the lnternel distribu- 
tmn. 

Ventflation due to &d om 
be considered as two e m -  
panmts, ie flow in& by 
the Bme-averaged prrsswes 
and b w  induced by furWM 
fbc4dations h pressutb. CR 
UIW two ctrmpomm (he 
farmer is genady .~ansklwed 
h, b Uie most important, bat 
Fat. dwellings wMch are 
shellemd by tin wind by ather 
fmlldhtgs d11s may not be the 
caa. W i d  h n e l  tests carried 
001 at Wataon House, and 
dswken show that the 
i3ucIuusHng wmgonent can be 
w?-ativdy larle for cularn 
wind diwqians. 

Ventilation due tw buoy- 
ancy is commonly called 
'stack erect' venlilalion. this 
refers to the d i t i e r m  
between Ute inteth&and*xler- 
nal air temper&mrea M a 
heated h s e .  VentRatIon fs 
also caused by fiws et tmkd 
w M k s  which \aka their 
cambustion air rtom the 
hlerlor ul \Ire h d .  

Although w k  evect has in 
the past been &det&l 
impohant an!y Tor wry tell 
b~iidi~lgs, - evkJetW 
bbggt* that A h knpotlllnt 
Tor twstorey buiW&s5 Far 
ekampk, i bw  bisl~alisblion 
c a ~ d  o d  by WYM Hause 
in t.tH houses hns oltm dbwn 
titat the predaMhknt venWIB- 
tion path lor tlue air i$ b enter 
thbugh t l k  d o w ~ n l t l  rodlns 
and lo  exhaust throb@ tht 
upstairs raePms. 
nli i6 i ~ t ~ a t  one wmld 

expect rvt stuck e&ct ~ n t i k -  
lion. 

It tan be s*en l+M wlurai 
vt.ntliatim or 8 dd l i ng  i s  
deterdined by mtteorologrcnl 
cbhdillbnb, the shepe and 
situation or the dwelling and 

BUlLt 

UK House 
1Extrapolsled) 

+ We todvn l i b t i on  -&me Unsealdl 
& Mcha; lsa l  ventRa#aa-Houe unsealed '"7- e ~ a n i ~  w m ~ ~ ~ a t i o r r - ~ m c i ~ w s  and 

doors sealed 

1 1 I 1 1 I 
0 1 2 3 4 5 6  

Wind spee&m/s) 

tING SERVICES B ENVIRONMENTAL ENMNEER MARCH 1979 



by the size and distribution of 
its open areas. O f  these 
factors only the size and 
distribution o f  open areas are 
amenable to modincation or 
design for the solution o f  
problems associated with 
natural ventilation. Therefore 
only these factors are dis- 
cussed in detail below. 

Al l  o f  the factors are o f  
course very important when 
one is concerned with predic- 
tion o f  ventilation. A predic- 
tion method has been 
developed at Watson House 
(7) on the basis o f  semi- 
empirical crack f low equa- 
tions (8). This is currently 
being assessed against data 
obtained in a test house. 

Wind tunnel models have 
been used to obtain pressure 
distributions end also to 
investigate ventilation induced 
by wind turbulence. The pre- 
diction method is being used 
ror studying general trends, 
guiding experimental work 
and Tor investigating the 
effects o f  such things as 
mechanical gains and 
weatherstripping. 

Ventilation openings 
These are o f  two basic 

types, ie, purpose-provided 
and adventitious. Purpose 
provided openings are fairly 
common in  UK houses and 
examples o f  these are open- 
able windows, air vents in 
bathrooms, WC's and 
kitchens and air vents in 
brickwork Lo ventilate the 
space below suspended Roors. 
Chimneys and flues also fall 
into thls category. 

As their name implies, 
purpose-provided openings 
are installed for a purpose, eg, 
lo  prevent condensation, lo  
rqmove odours, to supply 
combustion air. Such open- 
ings are, of course, desirable 
and necessary. Provided that 
these openings can be des~g- 
ned to give satisfactory 
ventilation, adventitious open- 
ings become unnecessary. 

Resewch has shown that 
the areas of adventitious open- 
ings in the UK dwellings can 
be much larger than those o f  
purpose-provided openings 
(Table 1) and also that a wide 
range of sizes o f  adventitious 
openings can occur with 
similar dwellings. Although 
problems such as draughts 
can occur with purpose- 
provided openings due to 
oversizing or poor siting, 
greater problems are posed by 
adventitious areas because 
they are at present an 
unpredictable quantity 

Basically, i t  seems prefer- 
able to control the level o f  
adventitious openings, even i f  
this means an increase in  
purpose provided openings, 
because the latter are easily 
controlled by the designer or 
architect. I n  practice, control 
o f  adventitious openings 
would mean reducing their 
size to a minimum. Some 
countries have already moved 
in  this direction 

Adventitious openings have 
a wide variety o f  rorms. 
Cracks between the moveable 
and flxed parts o f  windows 
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and doors are tlie most well 
known. I n  houses with 
suspended floors, which are 
common in  the UK, the total 
area o f  the gaps between the 
floorboards can be very large. 
Less obvious, but not insig- 
nificant, are the background 
areas. The "background" area 
is the area which remains for 
the rooms when the doors and 
windows (and purpose- 
provided openings) have been 
sealed. 

The results in  Table 1 
indicate the wide range o f  
values of adventitious open- 
ings which occur in  UK dwell- 
ings. 

Another way o f  charact- 
erising adventitious openings 
is i n  terms o f  their leakiness, 
ie, the rate of which air flows 
through them when a glven 
pressure difference is applied 
across them. This technique 
has been adopted for specify- 
ing standards not only for 
components but also for 
whole buildings. I t  Is interest- 
ing to look at some results o f  
this technique in detail 
because they indicate large 
differences between European 
standards and what Is 
achieved in practice. 

Figure 1 shows the leakage 
(pm m1 o f  window) through 
w~ndows with a pressure 
difference o f  100 Pa. The 
dashed lines show classes of 
windows as defined by French 
(II), Dutch and Swedish (9) 
standards. 

The solid lines show the 
approximate range of values 
obtained from measurements 
made on windows on severul 

Belgian houses (12) and in  a 
house which has been 
investigated by Watson House 
(7). 

Figure 3 shows leakage 
values for complete houses in 
terms of the number of air 
changes per hour (le ventila- 
tion rate divided by house 
volume) at a pressure 
difference o f  50 Pa. Values 
obtained from tests on one o f  
the Belgian houses and the 
UK houses are compared with 
recent Swedish standards. 

The main implications from 
Figs 1 and 3 is that practical 
UK house construction gives 
adventitious openings which 
are much larger than those 
specilied in  recent Continental 
standards. Although data for 
only one UK house is shown 
in the Rgures, comparison 
with other data (13) indicates 
that i t  is not untypical of UK 
dwellings. 

The diferences between the 
Belgian and UK houses arc 

interesting and it would not be 
surprisln~ to Rnd that UK 
houses are generally more 
leaky than their European 
counterparts, because o f  the 
direrent construction techni- 
ques employed in  the various 
countries. However, no exten- 
sive studies appear to have 
been made in this Reld. 

Ventilation rates 
Since the driving forces o f  

natural ventilation are 
meteorological i t  is obvious 
that a constant ventilatlon rate 
cannot be achieved. Thus, 
even i f  a standard ventilation 
rate for a given dwelling were 
specified, deviations from this 
rale must be expected. These 
deviations can be large and 
lead to the problems o f  
comfort and energy losses 
described below. 

An  example o f  the size o f  
these variations is given by 
measurements made In a 
detached house by British 

Gas. The amount of air enter- 
ing the house has been 
estimated from simultaneous 
tracer gas measurements in 
the rooms (7) and tlie pre- 
liminary results are glven in  
Fig 4 as air change rate 
against the average wind 
speed at the time of the tests. 

Note that virtually all o f  the 
values of air change rate lie 
above 0.5 h-'. The lowest 
value obtained occurred at a 
wind speed of 2.3 m/s with a 
negligible internal / external 
temperature direrence. 
Although it is theoretically 
possible for the air change rate 
to equal zero, this is unlikely 
to occur in practice. 

During the heating season 
when the house is heated, the 
air change rate is probably 
unlikely to fall below 0.5.'. 
Values more than twice as 
large as this will occur at high 
wind speeds and/or low exter- 
nal temperatures. I t  is under 
these conditions that these 
problems with comfort and 
energy losses are likely to be 
encountered. Also it must be 
remembered that the way in  
which the fresh air enters is 
also important and thls can be 
significantly altered by a 
change o f  wind direction. 

The problems arising from 
the variations in magnititude 
and direction of natural 
ventilation can in theory be 
solved by adopting mechan- 
ical ventilation. However, the 
solution is not as simple as it 
might at first appear. As well 
as installing the mechonicnl 
systems It seems that 
additional measures to seal the 
house will be needed and this 
will add to the cost o f  the 
installation. Support for this 
statement can be seen on (12) 
and also from recent measure- 
ments made on the test house 
by Watson House. 

The house is equipped with 
three mechanical systems, ie. 
extract, supply extract plus 
supply. Figure 4 shows the air 
change rates obtained with the 
house in two conditions. The 
first condition is the same as 
that used for the natural 
ventilation test. 

For the second condition. - 
the windows and the external 

TDo coo( 2 
doors are completely sealed 

?a m 22 21 (one external door was 
lrnprr.~ur. ol .C r r d  1.01 ~ T F I  'C partially sealed). Comparisons 

haughl  veloelly r 0 1Srnlr Dteughl r * lm l l y  02mls 

Slzv 01 elrela r No 0 1  vole, 

F w I  vole [LI 
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root *eta (L) 

of these results with the 
natural ventilation r a t s  shows 
that the installation of 
mecllanical ventilation alone 
increase the ventilation rale 
substantially. 

ARer tlie application of tlie 
sealing the increase is smaller, 
but the ventllation rates with 
the mechanical system are still 
generally higher than those for 
the unsealed house with 
natural ventilation. 

The reason for this is that 
sealing the windows and doors 
does not sufficiently reduce 
Lhe total eKeclive open area of 
the house (as can be judged 
from Table I). The contribu- 
tion o f  background openings 
to this total is significant. Only 
by reducing the total erective 
open area to a small value, 
such lhat the mechanical 
systems generate a large pre- 
ssure in the house, can the 
ventilation rate be made 
independent of wind speed 
and external temperature. 

A t  these relatively high pre- 
ssures i t  would be essential 
that a very low total erective 
open area be achieved, 
otherwise a ventilation rate 
above the optimum would 
occur. This would require 
extreme sealing measures and 
the enforcement o f  stringent 
standards for building cons- 
truction. 

A very good example of 
this is the recent work being 
carried out in  Sweden (9) on 
sealing houses with polythene 
sheet. Although successful in 
Sweden, it is doubtf i~l +,i:pll~er 
such extreme measurr: .vuuld 
be acceptable on tlle 61ounds 
o f  costs Tor new houses in the 
UK. 

Standard 
The leakage standard which 

has been adopted for these 
houses is the one labelled 
"airtight" in Fig 3. With such 
tight construction i t  becomes 
important for the ventilation 
rate given by the mechanical 
system to be correctly set. 
This means regulating not 
only the magnitude but also 
the direction or the ventilation 
Rows for winter and summer 
conditions. The possibility of 
having a ventilatlon rate 
which is too low becomes 
quite likely and problems with 
condensation are probable. 

An  air change rate o f  0.5 h- 
I has been chosen for the 
house in (9) and this value 
seems to be readily achievable 
by infiltration along (see Fig 
4). 

I t  is therefore debatable 
whether the potential advan- 
tages of the Swedish system 
could be justified on cost 
grounds in the UK where the 
winter climate is more 
moderate and ventilation heat 
losses smaller. I n  the UK i t  
might be preferable to 
miiiimise the adventitious 
openings in  new dwellings and 
accept the small degree o f  
control offered by purpose- 
provided openings. Further 
research is needed to answdt 
this question. 

I t  is obvious that the total 
volume of fresh air entering a 
dwelling will influence the 
magnitude of the ventilation 



person will reel cold overall. 
Low level draughts, as a 

source of local discomfort and 
therefore a potential source of 
excess energy consumption, 
may not automatically be 
entirely eliminated by the 
introduction or a mecliancial 
venlilation/warm air heating 
systems. One obvious source 
of draughts, rererring to the 
results presented in the pre- 
vious chapter, is the introduc- 
tion of air into the rooms at 
insuflicient temperatures. 

Ventilation/warm air heat- 
ing systems in the UK are 
usually operated inler- 
mittently, either throughout 
the whole control range or at 
low load conditions of 
otherwise modulating systems. 
Intermittent air injection into 
rooms, ie on-OR control of the 
supply fan, could result in 
discomlort due to the re- 
establishment or infiltration 
draughts during the "OR' 
period o f  the conlrol cycle. 

To  combat discomlort 
during this period the 
occupants may take action by 
altering the thermostat and 
shortening the "OR' period. 
The critical factor governing 
tlie response of the occupants 
is the time required Tor the jet 
generated room air movement 
pattern to become established 
and to decay. 

The study o f  intermittent 
air injection into rooms is 
being sponsored by British 
Gas at the Cranfield Institute 

F lg  9: Jet growth and decay of a IIVO-dit~tertslonal. isolherrtral 
plane wall  jet lnrernrirrently iqjected ltrro a rest chornber (4.8 
x 2.45 x 2.45 nr) a1 a role of 8 a l r  chotigesper hour 

or Technology. Preliminary 
studies of twg-dimensional, 
isothermal, plane wall jets 
intermittently injected into a 
test chamber have been com- 
plete (14). Figure 9 shows the 
jet growth and delay at a 
distance o f  3.5 m from the 
aDerture. As can be seen circa 

veclive currents generated by 
cold wall surfaces, radiators, 
etc, the preliminary results 
indicate that the interval that 
the supply fan can be "olf' is 
relatively very short, irinliltra- 
tion draughts are to be 
suppressed. 

60 seconds have to elapse 
before the jet has built up to 

COnc'usions 
steadv state conditions. The I n  future well-insulated 
dela i is  more rapid, requiring 
only 40 seconds to reach still 
conditions. 

Flow visualisation techni- 
ques have shown that the time 
for total room air movement 
to attain a steady slate did not 
exceed 75 seconds. Although 
tlie time will vary with the 
shape, size, room furniture 
and will be influenced bv con- 

dwellings more attention will 
have lo be paid to infiltration. 
The heat loss associated with 
i t  constitutes a large Rucluat- 
ing component o f  the total 
heat loss. Any underestimate 
of the magnitude of the 
infiltration rate in the sizing or 
heat emitters and central plant 
could lead to the failure or 
space conditioning systems to 

/ A comparison with 
the ever rising cost of 

equi 'For the 
buikling services 

industry, will show the 
M i n e  range d p u m p  
to be better value novv 

than ever Wore. 

For m e  information 
ring 061 -273 8262 
or senrjl fw technical 
litwature to: 

and Brooke Ltd 
Sirius Works , 

Haverford Street 
Manchester M12 5JL 

r%y Holden and Brooke Limited 
Y 
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achieve design conditions. 
Low level draughts are 

caused by infiltration and 
experiments have shown that 
even s l i~b t  air movements 
around t<e reet (up to 0.2 m/s) 
could be a cause o f  disco~nrort 
at draught temperatures that 
would otlierwise be considered 
within the comfort range. 

The experiments also 
indicate that the assessment of  
the overall environment is 
dependent on conditions at 
root level. Failure to suppress 
low-level draughts can 
therefore be a cause or excess 
energy usage. I f  low level 
draughts are to be suppressed 
by mechanical ventilation 1 
warm air systems operating 
intermittently. t h e  systems 
sliould operate with short 
"OR' periods. 

In  some counlries stand- 
ards have already been 
introduced to reduce filtration. 
I f  similar standards were 
introduced into tlie UK, 
measurements of leakage rates 
in present day houses indicate 
that construction techniques 
would have to be considerably 
improved to sacisry them. 

With mechanical ventilation 
systems such measures have 
to be adopted to minimise 
adventitious openings, as 
illustrated by recent Cvelop- 
ments in Sweden with 
"airtight" houses. These 
measures might not be accept- 
able on the grounds of costs in 
more moderate climates and 

this casts doubts on the use of 
niechanical ventilation sys- 
tems in rulure housing. 

A cheaper, but less ellective 
alternative is lo  minimise the 
adventitious openings and 
substitute purpose-provided 
openings where necessary. 
This removes the uncertainties 
about the size o f  adventitious 
openings and gives some 
degree o f  control over the 
magnitude of the natural 
ventilation rate and the places 
at which air enters. The value 
of this needs to be assessed. 
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heat loss, but its flowpath 
through the dwelling and the 
way it is introduced into the 
living area are equally 
important. The way fresh air 
is introduced into the living 
area is one of the decisive 
factors of whether design 
thermal comfort criteria will 
prove acceptable to the 
occupants or If higher, and 
therefore wasteful of energy, 
temperatures wili have to be 
accepted to combat local 
sources of discomfort. 

Air infiltration and 
especially its flowpath through 
the dwelling also influence the 
sizing of space conditioning 
systems. 

Historically in tile UK 
because of high heat loss 

through the fabric, Ule ventila- 
tion heat loss has constituted 
only a minor part of the total 
heat loss. Any fluctuation of 
the infiltration rate, due either 
to a change in the wind speed 
or its direction, did not unduly 
influence the performance of a 
usually oversized system. 
With the advent of higher 
levels of ins,ulation, combined 
with a desire to limit the level 
of infiltration, the balance has 
changed and careful con- 
sideration will have to be 
given to the sizing of the 
central plant and emitters. 

The  penalty of designing a 
system based on optimistic 
forecasts of low ventilation 
rates that, as has been shown, 
are difficult to achieve using 

contemporary UK construc- 
tion methods, is severe. 

Computer based studies 
carried out at Watson House 
(4) have shown that an inflow 
rate of 0.5 air changes per 
hour instead of a design rate 
of 0.2 air changes per hour 
will result in a decrease of  
temperature in a typical living 
room from 20DC to ! l0C on a 
design day having ,a  mean 
temperature o f - I T .  

If houses are to be highly 
insulated but not "alrtiglit" 
allowance in the sizing of heat 
emitters will have to be made 
for a relatively large Ructuat- 
ing component of the heat ioss 
as represented by the infiltra- 
tion heat loss. Measurements 
in test houses and theoretical 

predictions (4) have shown 
that the flow of fresh air 
through a house is far from 
even, as is assumed in 
standard heat loss calcula- 
tions. 

The largest fluctuations, ie, 
a change in direction from 
inflow to oulflow can occur 
quite rapidly and will, by 
definition, be of opposing 
direction in different rooms. 
The adoption of individual 
room temperature control is a 
likely solution to this problem. 

Dramatic 
The result is equally 

dramatic if low design infiltra- 
tion rates are used in the 
calculation rates are used in 
the calculation of the heat 

output. An optimistically sized 
system when subjected to one 
air change per hour (4) would 
have dimculty in attaining 
internal design temperatures 
even after 16 hours of plant 
operation in a design day. 

Low level draughts are 
usually associated with older, 
leaky and less insulated 
houses. A high degree of 
insulation, if not associated 
with "airtight" construction 
and controlled ventilation, 

( could also be a cause of local , discomfort due to low level 
draughts. In a thermally well 

1 insulated enclosure a cold air 
Row, generated by infiltration 

; and augmented by convective 
currents from mainly single 
sized windows could be the 
dominant force governing 
room air movement patterns. 

Double glazing is difficult to 
justify economically in the 
UK climate. The heat emitter 
wili be relatively much 
smaller, not covering the 
whole width of the window. 

' F o r  cost reasons, the now 
smaller emitter may be placed 
against one inside wall and 
thereby aggravate the situa- 
tion. 

In order to evaluate how 
low level draughts influence 
the subjective perception of 
the overall thermal environ- 
ment, a series of controlled 
tests were conducted in a test 

' facility at Watson House. 
As  a first step and to gain 

an appreciation of the condi- 
tions that are likely to occur in 
the field, measurements of 
temperatures and velocity 
profiles were made in an 
occupied house. As an 
example, measuremetits in the 
living room on a mild day are 
shown in Fig 5. The results 
indicate that there is a definite 
current of  colder air up to a 
height of 0.3 m from the floor. 
The boundary between the 
'current and the relatively still 
air is characterised by large 
flow frequency fluctuations in 
the velocity of up to 0.35 m/s. 
'The effect of having the 
curtains closed is to reduce the 
'mean velocity of the cold 
current, but at the cost of 
having a less uniform 
temperature profile (compare 
proliles A l  and A?.), in the 
centre of the room, velocity 
profiles were generally found 

to be similar to proiile A 2  but 
the temperature more uniform 
(profile 8). 

Similar values were con- 
firmed by measurements take11 
in a furnish test house. The 
conclusion that can be drawn 
from these results is that even 
in relatively mild climatic con- 
ditions, with the windows and 
doors weatherstripped, cold 
currents having velocities 
between 0.1 and 0.2 m/s and 
of temperatures between 17 
and 19OC can be encountered 
at ankle height in well heated 

:rooms (mean temperatures 
,2I0C). 

The controlled experiments 
:were carried out in the experi- 
mental controlled Temper- 
ature Room at Watson 
House. Conditioned air was 
distributed through three low 
level grilles so as to achieve a 

uniform current of air across 
the room up to a height of 0.3 
m. 

The tests 
Two series o r  tests were 

undertaken, in  the first series 
the eflects of four draught 
temperatures (16, 18, 21 and 
23'C) at a constant velocity of 
0.2 m/s were investigated, and 
in the second three lower 
velocities (0.05, 0.1 and 0.15 
m/s) at two temperatures (21 
and 2 3 T )  were used. For all 
the tests the mean room 
temperature (air and globe) 
was kept at a nominal 23OC 

In each series of tests 12 
male and I 2  female subjects, 
two et a tlme, were exposed to 
each test condition. The tests 
lasted one hour and the sub- 
jects were asked t o  wear 
similar clothing throughout 
the experiment. At the end of 
each session the subjects were 
asked to record their vote in 
response to n set ofquestions. 

The environment around 
the feet was assessed on a 
seven point Bedford scale. 

The distribution of the 
"foot" vote for both series of 
tests is shown in Fig 6. The 
distribution shows that, as 
expected, the proportion of 
votes of "comfortable" (vote 
4) is greater the higher 
draught temperature. Fig 7 
shows the calculated regres- 
sion line related !!I? foot vote 
wit!] the temper'aLurr uf the 
simulated draught for the first 
series o r  tests. The graph 
indicates that to achieve 
optimum thermal velocity of 
0.2 mls men required a 
temperature of 24OC and 
women Zh°C. 

The diflerence could 
probably be explained by a 
difference in the clothing 
ensemble. For the second 
series of tests at iower 
velocities only slightly lower 
temperatures were obtained. 
Analysis of data of the second 
series of tests showed that, 
although assessment of the 
environment around the feet 
depended more on temper- 
ature than velocity, even slight 
air movements around the feet 
couid be a cause of discomfort 
at temperatures that would 
otherwise be considered within 
the comfort range. 

The subjects were also 
asked to assess the overall 
thermal environment on a 
seven point Bedlord scale. The 
room temperature, as pre. 
viously mentioned, had been 
kept at a nominal value or 
23'C globe temperature 
throughout the experiment. 
When the overall vote is 
plotted against the foot vote, 
see Fig 8, it is apparent thal 
the overall assessment is 
dependent on the conditions at 1 
foot level. 

These results show that 
although the greater part ol 
the body was exposed to an 
optimum thermal environ- 
ment, s local source cl 
discomfort, low level draughls 
caused by infiltration and cold 
convective currents, can be a 
predominant factor influenc- 
ing the assessment or the 
overall thermal environment, 
ie, when feet are cold, the 1 
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