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SUMIARY

Two techniques for investigating ventilation heat losses in houses
are describved, The first is conventional insofar as it is 4
experimental, but it has novel features which offer several adventages

over other experimentsl methods,

The second technique is rather uﬂcanveﬁtional, because it is based on
the use of a theoretical prediction method. For such use it is
neoeséary that the method be accurate, and evi&enée in support of this
is presented., The use of the methed for carrying out hypothetical
investigations is illustrated by simulating the operation of mechanical
systems in a house with different degrees of sealing, In this way
the house leakage rates required for the systems to opverate as

designed can be found,

1. INTRODUCTION

The purposg of this paper is to describe two techniques for invesﬁigating
ventilation which have been developed by British Gas. Consideraziion is
given to ways of monitoring the heat loss, w®uch as one might wish %o do
with a test house., An obvious way to do this is to monitor the
‘ventilation directly with an experimental technigue. Ideally this
should be done continuously throughout the period of interest, but if
this is not possible one could initially derive a relation between
meteorological conditions and measured ventilation rates and then

monitor only the meteorological conditions continuously.

The first technique described has been ‘developed to allow the above
procedure to be carried out, In this sense it might be called
conventional. However it will be seen that it has several novel

and important features,



The second technique is, perhaps, unconventional in %hatvit is based
on a prediction method u$inz o mathematical model. Essentially,
certain physical characteristics of the dwelling are measured =t the
start of the monitoring périod, These measurements and the
contlnuously monitored meteorological conditions are used as data to
obtain predictions of the venvilation rates. An important feature of
voth techniques is that the flow rates of fresh air into individuel
rooms are obtained. It is often desirable to know these individual
rates rather then their sum (fhe overall rate), because the menner

in which air enters and leaves a dwelling can be as important as the

megnitude of the total amount entering.

When considering ventilation heat losses there is a.tendency to

I

concentrate on the overall veniilation rate of the dwelling. The
overall rate is of course of prlme impqrﬁance for aetermlnlng uhe size
of central heating Ulanu and for as=e531ng energy conservatlonl
neasures, and ue will concentirate on this rate in the presentation of
our results, Neverthelggs; for well insulated houses it becomes
important to know 1nd1v1dua1 room flow rates. ln sudh houses the
heat load cqrrespond:.nb to venmllaﬁlon 1osses is a large proportion

of the total, and problems rith radlator s1z1n6 and cold draughts are

likely to be encounuered

N

In the following sections,,the expe;imental technicue is described
first and some results obtained from continuous monltorlng of a house
are bresented This is folloved by a descrlptlon of the theoret*cal
method and a 51mulatlon of continuous monl'torlnb (;or a different

nouse, and 2 longer perlod)

ThlS form of presentatlon has veen adopted to emphasise our view that
the two‘technques are complementary. Each has its owm adventages
and disa&#antages, and althéﬁgh in fﬁe past littlé’use has been mede
of theoreﬁicallmeéhods 1t seens probable thai with 1mprovements in

their accuracy they w111 be rmuch more useful in the future.



2, THE EXPERTMENTAL APPROACH

2,1 Continuous measurement of ventilation rates

. There are_ two bvasic methods for continuous measurement of ventilation
rates in houses which are in current use. The first of these,
repeated dosing (1), is based on a tracer decay method. A tracer gas

~is injected into the air of a house, mixed with it and then allowed to
decay. The changing tracer concentration is monitered by discrete or
continuous sampling. After a given time interval, or when the tracer
concentration falls below a given level, more gas is injected and the
nmonitoring of concentration is resumed, In this way a series of decay
curves is obtained from which it is possible to estimate the average
ventilation rate during the time interval between successive injections

of tracexr gas.

In the second methodfhcons%ant?thcentration (2), vhich is the one we
have adopted, ﬁhe tracer gas ‘concentration is not allowed to decay but
is maintained constant The achievement of 2 constant concentration
is a nroblem in conﬁrol enolneerln 1n'%hat the 2ir in each room of the
house musﬁ e sampled regularly and the correc% amount of tracer gas
mst be injected to hold the required target concentration., The amount
of gas injedted~is directiy proportional to the amount of tracer gas
lost from the room since the previous sampling. By measuring this
amount of gas we thus measuré the volume of fresh air “entering each

Troom of the house,
o ) . Lo .
The main advantage of the constant concentration method over the

repeated dosing method is that it allows similtaneous monitoring of the
.rate of fresh air en'berlno eadh room of the house, This would be very
difficult to achieve with the repeated dOS1nﬂ nethod. It is also felt
that the constant concentratlon method is 1nherent1y more accuraie,
because it is easier to malnualn a uniform concentrailon throughout the
house, partlcularly for tne case nhen internal doors are closed,
Inother advantage is that it is relatively simple to estimate crossflow

betiween cells (e.g. a loft) by using an additional tracer gas.



2.2 The automatic ventilation monitoring system

Our system consists of two netuorks of solenoid valves, One network
of valves controls the sampling of air in each room, the other controls
the injection of tracer gas to meintain the target level. The solenoid
valves are activated by a2 command from the central computer logger which
controls both the sampling and the injection sequences. The sempling
lines are purged continuously to ensure that a fresh sample of room air
reaches the analyser and all lines are of equal length to minimise
differénces in flow resistance, The rooms are sampled in sequence for
6 seconds each, Ai'the end of that period the analyser output is read
by the computer and the injection period necessary to maintain the
target concentration in that room is calculated, The relevant
injection valve is then opened and the next room in the sequence is
sampled, TWhen the injec%ion period has elapsed the computer closes

the valve and stores the time for which the valve was open.

Ivery half hour the results are summarised and the volume of air entering
each room together with the relevant temperature and weather data is
printed. A more detailed description of this system has been published

(3) and a full one is in preparation.

2.3 Experimental results

One advantage of continuous ventilation monitoring over discrete
measurement is that it is possible to observe subtle variations due to
wind speéd and direction dhangesAmofe quickly, more accurately and with
less effort, Figure 1 shows the whole house air change rate, R,
nmeasured for a house with all doors and windows sealed. ' The house is
the end unit of a row which runs from East (90°) to West (270°). The
ground floor is solid, the walls are cavity filled with fibreglass, the
doors and windows are of standard English type and are located mostly
in the North and South faces of the building with some small windows
in the East face.

Figure 1 shows the whole house natural air change rate recorded in
9 successive 30-minutes periods. The-doors and windows being sealed,

the majority of the ventilation air entered through background lezkzge
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FIGURE 1  METEOROLOGICAL CONDITIONS AND MTASURED 3 HOUR
AVERAGE AIR CHANGE RATES




paths and the air grille in the kitchen. It is interesting that,
despite the uncertzin nature and distribution of these background
leaizages, the vhole house'éir change rate correlates positively with
the wind speed. There may also be correlation with the wind direction
and ambient temperature but during this test they both remained roughly

R, are attributable to
changes in the wind speed although the total air change maj be due to
wind and Y"stack" effects,

constant and so differences in air change rate,

"3, THE THEORETICAL APPROACH

3,1 The prediction method

An early version of the method has been described in (4), end
descriptions of the latest version will be found in (5) and (6).

Hence only ﬁhe main features are given here,

The basis of the method is an iterative soluiion of the continuity
equation and the equations which describe the steady flow of air

through openihgs in thé dwelling as a function of pressure., Thus quasi-
steady flow is assumed, - For natural ventilation the driving pressures
are generated by wind and buoyancy ("stack effect"); account of
mechanical ventilation cen also be included. A steady-state solution
is determined by varying the relative pressures in each room or cell
until the continuity and flow equations are satisfied. An approximete
allowence is then made for ventilation which arises from pulsating

flows through component cracis,

An important feature of the method is that it is a2 multi-cell method
ise, the dwelling is divided into individual rooms, Correspondingly
the input data required for a solution is complex, E;sentially one
has %o specify the pressures generated by the wind on {he exterior of
the dwelling and the flow éharacteristiééﬂéffthe‘openings in the fabric.
This is a disadvantage of this method, however in time, generalised daté

may be built up to simplify this réquirement.

The distribution of the external pressures can be obtained from scale
models in an emvironmental wind tumnel, A small scale is necessary

(we use 1/200) in order that alsufficient'extent of the surroundings is



modelled and such that the dimensions of the model are suitably metched

the length scales of the turbulence,

To specify the ovenings reguires measurements to be made on the dwelling.

Ea

ch opening needs to be described in terms of its position, the spaces
between which it communicates and its flow equation, For purvose~
provided openings (e.g. air vents) and for component cracks (cracks in
doors and windows), this is relatively straighiforward, The flow
ecquations which we use have been derived from laboratory tests on thres
basic crack types (7). In principle, the equation for a given crack
cen be decided simply from its geometry and dinmensions, At present
however we make use of pressurisation tests, which are generally more

accurate,

A sipilar procedure is adbﬁted for the background leakage arez of each
room (this is the area of opénings which remain in the room when the
purvose~provided openings and component cracks are. sealed). The complete
specification of background areas, in particular the spaces beuweon which
they commmicate, poses difficult problems and techniques for doing this
will still need development. . For the results presented in Figure 2

(see later) a simpler though less general procedure was used. The total
- packground area of each room was measured and this was then distributed
to the different surfaces of each room in such a way that the total area
corrmmiceting with the outside agreed with fha% obtained from a whole
~house pressurisation measurement. A number of very different
distributions can of course be made to fit this overall area, and S0
comparisons of predictions with some of the measured ventilation rates

were used to select the best,

Having speoified the exiernal pressuré coefficients and the flow
characteristics of the house envelope, only tne meteorological
condltlons, the internal uenneratures, and anJ nechani cal flow rates

are needed for each predlctﬂon.

The’accuracy of the method has been assessed by comparing predicted
ventilation rates with velues measured in a iest house, Full
descriptions of the measurements and the comparisons are given in (8)

and. (6) réépectively. Figure 2 summarises the results of this work.
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It shows the measured values of overall ventiletion rate plotted against

o

the predicted values, The standard deviation of

. . 7 . A .
end measured values is 0,39 i.e, = 20%, This is considered to be very

the ratio of predicted

encouraging, bvearing in mind thet a wide range of ventilation conditions
was covered by the tests. These included natural and several mechanicel
ventilation systems with the house both sealed and unsealed, As
nentioned above this agreement was achieved by selecting the best
distribution of background sreas., It should be noted however that only
the natural, unsealed house measurements were used for this, It must
~also be noted that the method used for the measurements was notv the
method described in the present paper.v Tt was in fact a less accurate
tracer decay technique, Preliminary comparisons which have been made
with results from the new technique indicate that the standard deviation

is decreased,

3.2 Theoretical results — natural ventilation

The theoretical simulations neve been made for a house whica is situated
in South London, t is a four-bedroomed detached house of 240 P
volume, It was built in 2967 and is of conventional English
construction with suspended floors; It is not a well—insulated house
and for the period considered here the average fabric heat loss has been
roughly estimated to be 6 Kle The héusg is sheltered from the Sout

and East, and exposed from the Yest,

lhole house air change rates and ventilation heat losses have been
predicted for a winter week period, uéing‘two—hourly average
meteorological data derived from Xew station records for Januéry 23 vo
29 1978 (the wind speeds have been reduced by 40% %o make them more
representative of the site where the house is situated, for which
continuous records have not been kept). The wind speeds and directions
and the ambient temperatures are showm in Figure 3. The wind direction
was typically westerly, average speed was 3.5 m/s and average

temperature 4.6°C,

For the purpose of illustration the simulation has been kept simple and
no account of user patterns (e.g. window‘opening)'has been taken., All

internal doors have been taken as open, The calculated ventilation
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heating load was determined simply from the heat output required to
meintain a constant internal temperature of 21°C., Only whole house
values are considered here, but it is worth remembering that a lot of
potentially useful information about room flow rates is obtained, An
illustration of this is given in (9) where an early prediction for the
living room is shown (for this simulation the wind speeds were directly
telcen from the Kew data, and an early version of the prediction method

was used),

.The predicted natural ventilation heating loads for the week are given
in Pigure 3. This form of presentation is similar to that used Tor
the experimental resulis, so as to emphasise thal the objectives of The

two approaches are the same.

An important advantage of the theoretical apvroach is that it is a
-simple matter to substitute modified house characteristics for the
measured characteristics, To illustrate this, simulations have been
cerried out with different sealing measures applied to the house,

Thesé are listed in Table 1, with their corresponding house leakage
raves at an applied pressure of 50 Pa. The leakage rate can be
considered as a measure of the total effective open area of the house.
Our experience with the house suggests that measures (b), (d) and (e)
would be very difficult to achieve in practice,and the complete sealing
of windows (c) would render them unopenable, so that these are ideal

conditions only.

Table 1 also shows the predicted average natural ventilgtion rates,

and the percentage reductions relative to the normal house condition

(a).



Leakage at Average
S X
s 20 P, in Lealzage arr Reduction
Case Description nouse volumes ; change
. Reduction
per hour rate
-1 . -1 .
h ) h Ve
(2) | House in actual
state 26,3 - 1.77 -
(0) | As (2), btut with 17.3 34 1.39 22.9
"both suspended
floor and loft
hatch completely
sealed
(c) | as (2), but with 18.8 28.5 1.11 37.3
all ovpenable
windows completely
sealed
() | Heasures (b) and 10,1 61.6 0.51 71.2
(c) together )
(e)| as (d), but half 5.1 80.6 0.26 85.3

the leakage of

(8

Table 1

The results of Sealing lieasures




It cen be seen from the Table that the reductions in the leakage rates
achieved by floor sealing (b) and by sealing the windows (c) are
similar,.  However the resulting reductions in venivilation rates are
consideragbly different, In the sealed floor case the open areazs
affected are those which would have the stack effect as the main
driving force of the flow, while in the sealed case the areas would
be those expected to be primerily involved in wind effect flows. As
a result, a2 difference in the response to sealing numericelly similer
effective areas is both reasonable and explicable, The extent of the

difference appears to depend on the weather conditions applied,

i .
It is also worth noting that the effect of combined floor and window
sealing (d), is greater than the sum of the individual effects, This
also indicates that the house needs to be treated as a complete system

vihen determining the effectiveness of sealing measures.

t

The above resulis suggest ©

e) -

hat difficulties may be encountered vhen

trying to produce simple prediction models, such as those depending on
correlations between leakage rate and ventilation rate., For fhe above
cases only the size and distribution of openings have been changed and
yet there are signifiéant departures from a simple relation betwieen the

ti0 rates,

3

3.3 Theoretical results - mechanical ventilation

In addition to the simuletions with natural ventilation, the house has

been "equipped" with the following mechanical ventilation systems:-—

()

EX5 Extract system, medﬁaﬁical air chénge ra:te‘}'i},I = 0,5 h-
el oo " " "o R, o= 1,0 b
BA5 Balanced extract and supply system RII = 0.5 h-
B1 v " L R, = 1.0~

Generally speaking, the design aim of a mechanical system is to achieve
a ventilation rate which is independent of meteorological conditions.
The megnitude of the desired rate will be a compromise between

minimising the heat losses and achieving a satisfactory supply of fresh



1

2ir. FPor the above systems the desired air change rate has been talzen

as 0.5 or 1.0 house volumes per hour,

igure 4 shows the minimum®, the mean, and the maximum * air chang

rates for the various systems (including the natural system) for the
period, It is clear that as the house is progressively sealed the
nechanical systems approach the design aim. The approach is more
rapid for the extract system thaen for the balanced system, because

the former pressurises the house. For the balanced system there is
no such pressurisation (with internal doors onen) so to reach the sane
level of perfornance more sealing is required. The extract system
hes reached design performence for case (&), but this corresponds to

2 reduction in leakage rate of over 60% and our experience suggests that
the sealing measures required would not be easy to apply to the house
in question,

thether or hot a'sygtem offers energy savings clearly depends on the
vase from which one measures the saving, If the n@tural ventilation
heat loss for case (a) is talzen as the baseé, then the savings are
potentially the largest. However even then, significant savings do
7not become apparent until sealingvmeasure (d) is adopted, If the
natural ventilation heat loss for case (b) or (c), vhere the average
natural ventllailon is betveen 0,5 and 1,0, is tzlken as the base the
mechanical systems 1ooV less pron151ng from an energy saving viewpoint.
vFor 2 given sealing measure the mechanical systems, not surprisingly,
elways give a greater heat loss than the natural ventilation. t is
necessary however to reneﬂber uhat it is desirable that the ventilation
should not fall velow a minirum level and this sets a limit on the
amount of sealing that can be accepted with natural ventilation alone.
However further sealing, with a mechanical system, gives the added

benefit of minimising the fluctuations of the ventilation heating loads.

*  exceeded 90p of the time
exceeded only 10% of the time

°
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The above simulations illustrate the potential of the calculation
method, Consideration has not been given to the effect of heat
recovery or of occupant behaviour on energy sevings, which are

outside the scope of this vaper.

4, CONCLUDING REMARXKS \

Continuous monitoring of ventilation rates is desirable for determining
heat losses encountered in pracitice, Two techniques for doing this
have been described and illustrated with results. Both have their owm
particular advantages and disadvantages and are therefore considered
complementary. They do however have one important feature in common
i.e, they determine room flow rates rather than simply the whélé house

ventilation rate.

v

The experimental technique is &t a stage where it can be used with
confidence, The theoretical technique is rather wnconventional and
therefore needs further investigation before it can be used with equal
confidence, Nevertheless reéults to date show thet there is good

reason to be optimistic about its potential.
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