AS a result of & desire to
-econoimise in the use of energy
in the domestic sector, various
eqergy conservation measures
have been taken in all
countries where, because of
climatic reasons, substantial
amounts of fuel are required
10 heat homes.

Top prioﬂty/ims, almost
everywhere, been given Yo the
application of  edditional
insulation.

In the UK revised Building -
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Air infiltration and our

thermal environment

By D W Etheridge and D J Nevrala, British Gas
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by the size and distribution of
its open areas. Of these
factors only the size and
distribution of open areas are
amenable to modification or
design for the solution of
problems  associated  with
natural ventilation. Therefore
only these factors are dis-
cussed in detail below.

All of the factors are of
course very important when
one is concerned with predic-

< tion of ventilation. A predic-
tion method has - been
developed at Watson House
(7) on the basis of semi-
empirical crack flow 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 and also to
investigate ventilation induced
by wind turbulence. The pre-
diction method is being used
for studying general trends,
guiding experimental work
and for investigating the
effects of such things as
mechanical gainsg and
weatherstripping.

Ventilation openings

These are of two basic
types, ie, purpose-provided
and adventitious. = Purpose
“provided openings ‘are fairly

- ‘common in UK houses and
examples of these are open-
able windows, air vents in
bathrooms, . WC’s and
kitchens and air vents in
brickwork to ventilate the
space below suspended floors.
* Chimneys and flues also fall
into this category.

.As their name implies,
purpose-provided  openings

- "are installed for a purpose, eg,
to prevent condensation, to
remove odours, -to supply
combustion air. Such open-
ings are, of course, desirable
and necessary. Provided that
these openings can be desig-
ned to give satisfactory
ventilation, adventitious open-
ings become unnecessary.

Research has shown that
the areas of adventitious open-
ings in the UK dwellings can
be much larger than those of
purpose-provided  openings
(Table 1) and also that a wide
range of. sizes of 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 t

and doors are the most well
known. In houses with
suspended floors, which are
common in the UK, the total
area of 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 of
values of adventitious open-
ings which occur in UK dwell-
ings. .

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

Figure | shows the leakage
(per m? of window) through
windows with a pressure
difference of 100 Pa. The
dashed lines show classes of
windows as defined by French
(11), Dutch and Swedish (9)
standards.

The solid lines show the
approximate range of values
obtained from measurements
made on windows on several
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Belgian houses (12) and in a
house  which has been
investigated by Watson House
.

Figure 3 shows leakage
values for complete houses in
terms of the number of air
changes per hour (ie ventila-
tion rate divided by house
volume) at a  pressure
difference of 50 Pa. Values
obtained from tests on one of
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
specified in recent Continental
standards. Although data for
only one UK house is shown
in the figures, comparison
with other data (13) indicates
that.it is not untypical of UK
dwellings.

The differences between the
Belgian and UK houses are

interesting and it would not be
surprising to find that UK
houses are generally more
leaky than their European
counterparts, because of the
different construction techni-
ques employed in the various
countries. However, no exten-
sive studies appear to have
been made in this field.

Ventilation rates
Since the driving forces of
natural ventilation are

meteorological it is obvious
that a constant ventilation rate
cannot be achieved.. Thus,
even if a standard ventilation
rate for a given dwelling were
specified, deviations from this
rate must be expected. These
deviations can be large and
lead to the problems of
comfort and energy losses
described below.

An example of the size of
these variations is given by
measurements made in a
detached house by British
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Gas. The amount of air enter-
ing the house has been
estimated from simultaneous
tracer gas measurements in
the rooms (7) and the pre-
liminary results are given in
Fig 4 as air change rate
against the average wind
speed at the time of the tests.

Note that virtually all of 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 difference.
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. It 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 this can be
significantly altered by a
change of wind direction.

The problems arising from
the variations in magnititude
and direction of naturat
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 mechanical
systems it seems that
additional measures to seal the
house will be needed and this
will add to the cost of 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
doors are completely sealed
(one external door was
partially sealed). Comparisons
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they are at present an
unpredictable quantity.
Basically, it seems prefer-
able to control the level of
adventitious openings, even if
this means an increase in
purpose-provided  openings,
because the latter are easily
controlled by the designer or
architect. In practice, control
of  adventitious pening

Overail vots (A)

Overail vote (A}

would mean reducing their
size to a minimum. Some
countries have already moved
in this direction.

Adventitious openings have
‘a . wide variety of forms.
Cracks between the moveable
and fixed parts of windows

4 s e

Fool vote (L)
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Foot vote (L)

of these results with the
natural ventilation rates shows
that the installation of
mechanical ventilation alone
increase the ventilation rate
substantially.

Afer the application of the
sealing the increase is smaller,
but the ventilation 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
the total effective open area of
the house (as can be judged
from Table 1). The contribu-
tion of background openings
to this total is significant. Only
by reducing the total effective
open area to a small value,
such that the mechanical
systems generate a large pre-
ssure in the house, can the
ventilation rate be made
independent of wind speed
and external temperature.

At these relatively high pre-
ssures it would be essential
that a very low total effective
open area be achieved,
otherwise a ventilation rate
above the optimum would
occur. This would require
extreme sealing measures and
the enforcement of stringent
standatds 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 doubtful “~hether
such extreme measurcs would
be acceptable on the grounds
of costs for 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 it becomes
important for the ventilation
rate giveri by the mechanical
system to be correctly set.
This means regulating not
only the magnitude but also
the direction of the ventilation
flows for winter and summer
conditions. The possibility of
having a ventilation rate
which is too low becomes
quite likely and problems with
condensation are probable.
An air change rate of 0.5 h-
has been chosen for the
house in (9) and this value
seems to be readily achievable
by infiltration along (see Fig
4)

It is therefore debatable
whether the potential advan-
tages of the Swedish system
could be justiied on cost
grounds in the UK where the
winter climate is more
moderate and ventilation heat
losses smaller. In the UK it
might be preferable to
minimise the adventitious
opehings in new dwellings and
accept the small degree of
control offered by purpose-
provided openings. Further
research is needed to answet
this question.

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




person will feel 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 of a mechancial
ventilation/warm air heating
systems. One obvious source
of ‘draughts, referring to the
results presented in the pre-
vious chapter, is the introduc-
tion of air into the rooms at
insufficient temperatures.

Ventilation/warm air heat-
ing systems in the UK are
usually operated inter-
mittently, either throughout
the whole control range or at
low load conditions of
otherwise modulating systems.
Intermittent air injection into
rooms, ie on-off control of the
supply fan, could result in
discomfort due to the re-
establishment of infiltration
draughts during the “ofl”
period of the control cycle.

To combat discomfort
during  this  period the
occupants may take action by
altering the thermostat and
shortening the “‘off” period.
The critical factor governing
the response of the occupants
is the time required for the jet
generated room air movement
pattern to become established
and to decay.

The study of intermittent
air injection into rooms is
being sponsored by British
Gas at the Cranfield Institute
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Fig 9: Jet growth and decay of a two-dimensional, isothermal
plane wall jet intermittently injected into a test chamber (4.8
X 2.45 x 2.45 m) at a rate of 8 air changes per hour

of Technology. Preliminary
studies of twgq-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 of 3.5 m from the
aperture. As can be seen circa
60 seconds have to elapse
before the jet has built up to
steady state conditions. The
delay 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 state did not
exceed 75 seconds. Although
the time will vary with the
shape, size, room furniture
and will be influenced by con-

vective currents generated by
cold wall surfaces, radiators,
etc, the preliminary results
indicate that the interval that
the supply lan can be “off” is
relatively very short, if infiltra-

tion draughts are to be
suppressed.

Conclusions

In  future well-insulated

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

achieve design conditions.
Low level draughts are
caused by infiltration and
experiments have shown that
even slight air movements
around the feet (up to 0.2 m/s)
could be a cause of discomfort
at draught temperatures that
would otherwise be considered
within the comfort range.

The  experiments  also
indi that the t of
the overall environment is

dependent on conditions at
foot level. Failure to suppress
low-level draughts can
therefore be a cause of excess
energy usage. Il low level
draughts are to be suppressed
by mechanical ventilation /
warm air systems operating
intermittently, the - systems
should operate with short
“ofl” periods. -

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

With mechanical ventilation
systems such measures have
to be adopted to minimise
adventitious  openings, as
illustrated by recent develop-
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
mechanical ventilation sys-
tems in future housing.

A cheaper, but less eflective
alternative is to minimise the

adventitious openings and
substitute  purpose-provided
openings where y.

p
This removes the uncertainties
about the size of adventitious
openings and gives some
degree of 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 jif higher, and
therefore wasteful of energy,
temperatures will 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 the UK

because of high heat loss

through the fabric, the 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
Tevels of insulation, 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 20°C to 17°C on a
design day having a mean
temperature of -1°C.

If houses are to be highly
insulated but not “airtight”
allowance in the sizing of heat
emitters will have to be made
for a relatively large fluctuat-
ing component of the heat loss
as represented by the infiltra-

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 outflow 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

tion heat loss. Mi
in test houses and theoretical

lation rates aré¢ used in
the ‘calculation of the heat

output. An optimistically sized
system when subjected to one
air change per hour (4) would
have difficulty 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
i discomfort due to low level
draughts. In a thermally well
| insulated enclosure a cold air
" flow, generated by infiltration
: and augmented by convective
currents from mainly single
sized windows could be the
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dominant force governing
room air movement patterns.

Double glazing is difficult to
justify economically in the
UK climate. The heat emitter
will be relatively much
smaller, not covering the
whole width of the window.
'For cost reasons, the now
smaller emitter may be placed
. against one inside wall and
thereby apgravate 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, measurements 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
profiles Al and A2). In the
centre of the room, velocity
profiles were generally found

| to be similar to profile A2 but

the temperature more uniform
(profile B).

' Similar values were con-
firmed by measurements taken
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 G.2 m/s and
of temperatures between 17
and 19°C can be encountered
‘at ankle height in well heated
'rooms (mean temperatures
21°C).

The controlled experiments
jwere 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 of tests were
undertaken. In the first series
the effects 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 23°C) were used. For all
the tests the mean room
temperature (air and globe)
was kept at a nominal 23°C.

In each series of tests 12
male and 12 female subjects,
two at a time, were exposed to
each test condition. The tests
lasted one hour and the sub-
jects were asked to wear
similar clothing throughout
the experiment. At the end of
each session the subjects were
asked to record their vote in
response to a set of questions.

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 the foot vote
with the temperawure of the
simulated draught for the frst
series of tests. The graph
indicates that to achieve
optimum thermal velocity of
02 m/s men required a
temperature of 24°C and
women 26°C.

The  difference  could
probably be explained by a

difference in the clothing
ensemble. For the second
series of tests at lower

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
could 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 Bedford scale, The
room temperature, as pre-
viously mentioned, had been
kept at a nominal value of
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
foot level.

These results show that
although the greater part of
the body was exposed to an
optimum  thermal environ-
ment, a flocal source of
discomfort, low level draughts
caused by infiltration and cold
convective currents, can be a
predc factor infl
ing the assessment of the
overall thermal enviroriment, |
ie, when feet are cold, the
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