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VARTILATION HEAT IOS5 QUTSIDZE IR

In this paner we hope to demonstrate the present importance and future
implications of ventilation heat loss in domestic premises., Having stated
and amplified the problem we will discuss, firstly, the mechanisms and
pathways of ventilation, secondly, ways of controlling ventilation, +thirdly,

ways of measuring ventilation rates by both manual and automated methods.

In conclusion we shall discuss some experimental results obtained in
the SEGAS Test House particularly those relating to the impact of mechanical
ventilation systems on the house ventilation rate. Along the way relevant
literature will be reviewed and the essential minimum number of definitions

necessary for rmtual understanding will be given,
TERMINOLOGY

To assess ventilation heat loss it is essential to know the ventilation
rate. Throughout this paper ventilation rate means - THE RATE AT WHICH ATR
ENTERS THE DWELLING FROM OUTSIDE this is sometimes known as the Fresh Air
Infiltration rate, Some confusion arises over the term Air Change Rate.
Ventilation Rate and Air Change Rate are synonymous in a single celled
dwelling. In 2 multi~celled dwelling the air in any cell may change
because of its interaction with another part of the dwelling in addition

to or to the exclusion of its interaction with the outside air.

We designate as natural ventilation = ventilation induced by natural
forces, wind effect, stack effect etc, liechanical ventilation is that

produced by mechanical means.

The IHVE Guide (') in common with the ASHRAE handbook of fundamentals (2)
defines infiltration to be ventilation through gaps and cracks in the
structure and natural ventilation to be the change of air within an enclosure
without the interference of the inhabitants, or inhabitant induced air
infiltration, These varying definitions can ceuse confusion in the

literature of the subject,

Having defined ventilation, heat loss remains misleading. The heat
lost is determined by the volume of air that leaves the dwelling multiplied
by the average intermal—-external temperature differential and the specific
heat of air. The manifestation of the heat loss is as the increased loading
placed upon the central boiler or the individual emitters in a heating system,
which must supply heat to warm the air which enters the dwelling to replace
or eject that which was lost. Locally concentrated air infiltrations,

draughts,.or excessively ventilated rooms may affect heating system conirols,



Paranhraesin~s Wewton and ignoring volume corrections we can say 'what
moes out comes in"., Ventilatior heat loss is better appreciated as
ventilation heat loading. e shall ses later that most common methods
of measuring ventilation rate involve determining "hat comes in", lle
shall see later too that air often enters the lower floor of a two-
storey dwelling and leaves by the upper floor. The incoming air needs
to be heated to average downstairs temperature. The positive factor is
that in leaving by the generaily cooler upper rooms the heat demand from
the upstairs emitters is lessened. The negative aspect is that should the

control system not be able to benefit from this,the upper rooms may overheat.

A knowledge of ventilation rates is essential in designing g heating
system since if design temperatures cammot be maintained due to excessive

ventilation then ventilation heat loss becomes uncomfortably understandable,

THZ TIMPORTANCT OF VENTILATION HEAT ICSS

We are concerned here with houses rather than flats or tower blocks.
Houses constitute about 307 of the total dwellings. The heating of
houses consumes roughly one eighth of the Nation's annual energy output.
It is instructive to consider the magnitude of ventilation heat loss using
as our guide the Building Research ZFstablishment figures in Digest 190,
"Heat Loss from Dwellings". This calculation assumes a typical detached
house with typical U values for floors, walls and ceiling and assumes
average prevailing weather conditions., The mean outside/inside temperature

differential is taken to be 7°C,

With these assumptions the total fabric heat loss, FHL, is 55 GJ.
Assuming a ventilation rate of 2 per hour, the ventilation heat loss, VHL,
is 21 GJ, This represents a probable worst case of an exposed house
since veﬁtilation rates are more normally around 1 h-', In most parts
of the country the sun, though not always clearly visible, does aid the
heating process, in average heating season solar gain is 15 GJ. Under

these circumstances VHL constitutes 345 of the total,

Insulation of the loft space brinss a reduction in THL of 9 GJ and so
raises VHL to 105 of the total, Cavity insulation can save 17 GJ per
season and raise VHL to £0% of the totzl, Lastly, double glazing throughout
our tyomical house further reduces FHL oy 707 and elevates VIL to 75% of the
total heat loss of the dwelling. wenh if we reduce the ventilation rate
to 1 h~' in our suver insulated typical house VHL is still 595 of total heat

loss,
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AS ener~y consciousness grows and giandards of insvlation improve

ventilation heat loss assumes an ever sreater importance.

Because VL is such a larze contritutor to the totzl cnerszy demand
for low enersy houses then any assessnent of its magnitude denends on 2
secure knowleclse of the ventilation rate. This can be obtained by guess
vork, prediction or measurement. Prediction techniques need measurements
for validation and measurements need predictions for guidance. Our work at
SZGAS is concerned with assessment of ventilation, whilst at Watson House our

values along with others are used to refine predictive technicues (°),

To understand ventilation heat loss an important pre-requisite is to
understand ventilation rate. The rest of this paper illustrates attemptis
to do this,

HOT THE PRO3LIZI

Ventilation is necessary for the cuality of the indoor environment.
Fresh air ensures the safe operation of gas burning appliances and contributes
to the health, safety and comfort of the building occupants. In Sweden
ventilation is needed to reduce the level of radio—activity from concrete
used in buildings (). Ventilation controls the level of indoor pollutants,
bodily odours, cigarette smoke, water vapour. e are not concerned, in this
paper, with ventilation to meet these needs or with Regulations or Recommendations

regarding the provision of ventilators,

MECHANTISMS OF VINTILATION

Flow results from pressure differences and these arise from 2 principal
causes., Firstly, the stack effect,bouyancy effect or temperature differential
effect which is due to the mass difference of an equivalent columm of air at
the mean internal temperature and the external temperature. The generated
pressure is a function of the temperature difference and the vertical height
of air column between lower and upper ovenings. The stack effect may operate
within a room if openings exist near floor and ceiling level, Stack effect
causes air to enter the lower floor and leave the upper floor., This is

illustrated in Figure 1.

Secondly, the wind effect. The pressure in this case arises from the
mean velocity of air impinging on the building surface., The pressure is
proportional to the squared velocity., The flow of air around a building is
complex but reasonably similar for all wind speeds so the pressure can be

expressed in the form of a coefficient, Cp. The value of Cp depends on the
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wind direction and the degree of shelter or exposure of the site. The wind
effect causes air to enter the house throush ovenings on the rindward side
and to leave through openings on the leeward. Any ovustructions between,such
as internal doors will only interfere ith this process if the openings around

them are small compared with the external ones. In general internal doors

fit loosely.

In reality the wind and stack effects act in concert and tend to
enhance and yet oppose each other. On the lower leeward and upper windward
sides they oppose, on the lower windward and upper leeward they enhance, At
the positive extremes of either effect it dominates the ventilation mechanisms. .
At low wind speeds, ventilation is virtuelly independent of wind speed. It s
is difficult to switch off the weather but by building a house in an environmental -
cnamber it was shovm that stack effect was, in the absence of wind, proportional

to temperature differential, but that at zero differentizl the ventilation was

small but non-zero (*).

There is an other ill~investigated and unquantified mechanisms of
ventilation, Thig is due to the turvulent nature of air flow near
building openings, which causes instantaneous pressure
differences arising from the varying nature of the wind, This may be
illustrated ty the example of a terrace of houses with the wind along the
terrace, The pressure coefficients on the two faces are identical but

instantaneous fluctuations in pressure cause flow into and out of the houses,

PATHWAYS OT' VINTILATTION

In this section we look at the nature of the openings through which flow

may occur into or out of the house,

The typeg of openings fall into the following catesories:—

Flues brick chimmeys, flues for gas appliances,

water heaters, boilers etc,

Purpose Provided Ventilators - such as those installed to meet
Building or Gas Safety Regulations

Caps Around 2oom Cpenings - doors, windows etc,

Paclkzround Areas = cracks in the building fabric gaps
around electrical conduits, service
nines, skirting boards, ill~fitting
joists, etc,
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In this country we are the victims of our own history end traditions, from
Tires in tre middle of the floor through huge open fire places to brick chimmeys

and coal fires.

The ventilation induced by a heated chimney could be as high as 4 or
5 a.c.h.:1towards achieving this rate ill=fitting doors and windows made a
great contribution. Without this large open area +to ensure sufficient flow
the coal fire could not function properly. In our energv—conscious times
ill~fitting doors and windows are our inherited legacy. Our standards for new
installations do not offer much hope, in contrast to our Furopean neirhbours (°).
The Svedes are investigating the extreme of building their houses with an integral
impermeable membrane and supplying 2ll air requirements by mechanicsgl means (7).
Figure 2 compares the leakiness in a pressurisation test, of the SZGAS house to

that of =a Belgian, a Swedish house and the Swedish Standard 1978,

The vagaries of our climate dictate that during the middle months of
the year, lmovn euphemistically as summer,it may sometimes be necessary to
open a window to increase the ventilation rate and counteract excessive
solar heat gains. ©So we will, for some time at least, have openable

windows with their unlegislated gaps, when closed,

Flues and chimeys ventilate by both wind and stack effects, They
are normally terminated in regions of negative wind pressure so in

general are outlet routes although exceptionally they may admit fresh air,

Purpose provided,ventilators are usually sized to give a flow of air
sufficient for the safe operation of a gas burning device or to reduce air—
borne moisture to a satisfactory level or to control the quality of air within
the house by diluting contaminants, body odours, carbon dioxide, cigarette

smoke, etc., to acceptable levels.

In houses without open flues an important contributor to the open area
is the cracks around external openings. By external we mean those which
commnicate with the outside of the building or with freely ventilated spaces,

such as the roof void,

By no means an insignificant contributor and sometimes a dominant one is
the so~called background area, This is made up of hairline cracks in the
structure vhich themselves may change with time, gaps around service pipes and
electrical fittings. ther major background areas are assoclated with
vathways from the sub-floor space or the wall cavity to the house. These
include gaps between floor boards and ground skirting boards and cracks or
gaps around the ends of floor or ceilin~ Joists, Some houses have solid

walls and floors,In these cases the number if not the importance of background



20

R h'

10—

SWTDISH
STANDARD 1978
= e
[ I

FIGURE 2

THZ LEAKINESS OF HOUSES DETERMINED BY PRESSURISATION AT 50 Pa
CONPARISON OF S®GAS TEST HOUSE, A BRIGIAN HOUSE, A SWEDISH HOUSE

AND THE SWEDISH REGULATIONS 1973

SEGAS TEST HOUSE
(EXTRAPOLATED VALUE)

BELGIAN
HOUSE

WATRTIGHT"
SWEDISH HOUSE

1




areas may be diminished,

It is customary to collect open areas together and to express them as an
effective open area., This depends somewhat on the physical dimensions of the
opening. The flow through openings depends on the nature of the openings, It
is assumed for most purposes to be proportional to the square root of the
applied pressure. This approximation improves with the size of the opening.
Work at Watson llouse has led to the qualification of cracik types and their

quantification into crack flow equations,

CONTROLLING VITTILATION

Accepting that control of the weather is not yet possible the control of
ventilation falls into two categories, the use of mechanical ventilation

systems and the regulation of open areas,

Ventilators installed to comply with Safety Regulations must not be
interfered with but the gaps around room openings may be, The BRE asserts
that ventilation may be reduced by up to ﬁ-a.c.hf’by sealing the principal
external doors with proprietary foam strips. We ourselves have some
quantitative information regarding the effect of sealing external doors and

windows to which we will return later.

An alternative control philosophy is to use a mechanical system to
supply air to and/or remove air from the house at the desired rate. Much
of the recent work in the SEGAS Test House has been geared towards the
evaluation of mechanical systems and their impact on the ventiiation rate.
We shall review this after a short digression to discuss methods of measuring

ventilation rate.

VENTILATION RATE MEASUREMENT

As stated earlier, the assessment of ventilation heat loss must be
founded upon a secure knowledge of ventilation rates, This section discusses
briefly what we term manual methods of ventilation rate measurement,the final

section will deal with the current trend towards automating these methods,

There are two basic methods of measuring air infiltration rates, air
movement methods (®) and tracer gas techniques. The former, involve the
measurement of the instantaneous air velocity at several points around the
dwelling from which the pattern of air movement is determined and the
ventilation rate inferred. The variations in methodology reflect the

instruments used to measure air velocity.



The latter, tracer gas techniques can be divided into 3 types, rate of

decay, equilibrium concentration and transfer index methods,

The transfer index method (9) determines the time integral of tracer
concentration at a site distant from the reclease point of a lnowm volume of
contaminant, The reciprocal of the trancsfer index is the effective
ventilation, The advantage of this method is that no assumption about mixing
of tracer and room air is inherent. Indeed recirculation is specifically
accounted. The disadvantages are many measurement points are needed to
complete the picture and the tests are either of long duration or need

continuous measurement of concentration at several points.

The equilibrium concentration method ('°) involves the release of
tracer gas at a fixed rate until equilibrium is reached. At this point the
ventilation rate may be calculated from the release rate and the equilibrium
concentration. If the mixing between the tracer and the room air isvperfect

then the equilibrium concentration will be equal at 2ll points.

The advantage of this method is that a single measurement suffices if
the mixing is perfect, The disadvantages are that a long time is essential
to the attainment of equilibrium so that problems may arise regarding the
control of the tracer flow rate. It is difficult to guarantee steady weather

conditions throughout the test duration.,

The rate of decay technicque has been widely used. The reason for this
being the cquite detailed information uwhich may be extracted from a tractable
technique, The test space, anything from a room to a whole house, is first
filled with a uniform concentration of tracer. The change of tracer
concentration with time is determined by discreet or continuous sampling

techniques,

In a test space, where, all the air change is due to the infiltration
of fresh air, the tracer used is not abundant in the atmosvhere, the mixing
is perfect and the weather conditions are stable, the ventilation rate can

be obtained from the relationship
elt] = Coart
C(t) is the concentration of tracer at time t

Co the initial concentration

R the aip change rate

R is best extracted from a semi-lorarithmic plot of concentration,
relative, C(t)/Co, or absolute, C(t), in arbitrary units,ageinst time.

The nesative of the slope is the air chanre rate
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The qualitics needed for the ideal tracer gas are that it should be:~
= as5ily detectable
=~ liot harmful in the concentrations used
= Sinilar in density and vhysical properties to air
- TIrert
~ 1llot present in the atmosphere

~ ot adsorbed by the fabric of the test space

Cheap and easily obtainable

No gas fulfills all these requirements but some are a good approximation
and have found wide usage as tracer gases. The following table lists some
of the commonly used gases, their methods of detection and references to

further readinc.

TRACER GASES

Tracer Gas Detector Reference
Hydrogen/Helium Katharometer 11, 12
Carbon Dioxide/

¥itrous Oxide Infra-red 13, 14
Sulphur Hexafluoride Electron cantive 15
8¢ ¥rypton, 47 Ar-on Geiger tube 16
Wethane/ Ethane Flame ionization/infra-red I

TO IIIX OR NOT TO MIX?

There are probably as many opinions about the benefits of mechanically
mixing tracer gas and room air as there are people who make measurements.
'ost methods of analysis are simplified by uniformity of tracer concentration

or rely on it,

In still air the mixing mechanism is diffusion which can be very slow
and varies from gas to gas. In a ventilated room air currents will assist
the mixing, in an heated and ventilated room thermal currents will add

their contribution.

particular level in the room air, If there is a temperature and thus a
density gradient or if the tracer is unduly more or less dense than air the
iracer gas may become stratified., If this ocourred the measurement of
tracer concentration would be a sensitive function of the location and type

of sampling apparatus.



Some advocate the use of mixing fans to stir the house contents at the
stage where the gas is first injected ('%), others prefer to mix the air
continually ('?) and still others prefer the do nothing option (20). This latter
approach disrupts the natural pathways and interactions as little as possible,
It is the most satisfying but least practicable approach. It resembles the
old paradox, that you cannot know the taste of a pear without changing it
by eating it. To measure the subtle movements of air into and out of a
house one needs rmust affect them in order to know them with confidence,

J.B. Dick (21), the pioneer of post-war ventilation research, was of the
opinion that mixing fans were unnecessary. Our experience, to be related

in the next section has tended towards the partial use of mixing fans.

Some advantages and disadvantages of mixing fans are summarized below:-

Advantages Disadvantages
The tracer gas concentration is The air flow paths are destroyed
uniform and thus may be sampled
at one point Streams of air may impinge upon

room openings
Stratification is avoided

Without the use of mixing fans it is necessary to sample the air in a
room or house at many points to arrive at a mean concentration of tracer.
Different parts of a room may be subject to different ventilation mechanisms
and thus different rates, The use of a mixing fan gives a better average

result but affects the ventilation rate in an unknown and unlnowable way.

VWHOLE HOUSE VINTILATION RATE MEASURELTET

In this section we will review some of the experimental results obtained
from the Segas Test House. We will re-cover much of the ground trodden
so far putting examples to the generalities., We will discuss our methods
of estimation of whole house ventilation rates and look at the effects of
mechanical systems on that rate., 1le discuss, also, the necessity for
sealing of room openings when mechanical systems are used and the effect of
this sealing on air infiltration rates, The aim of the work was to measure

the extent to which the mechanical ventilation systems modified the ventilation

rate of the house.

THE STCGAS T5ST HOUSH

This is a four=bedroomed town house of conventional construction about
10 years old, The ground floor is suspended above a cellar space but the

boards, gaps around services and skirting boards have been seazled, The doors
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and windows are of a conventional type. The walls are 11" cavity construction,
The basic heating unit of the house is a gas-fired boiler, the emitters are
steel panel radiators, Figure 3 shows the plan of the house. The ground
floor has entrance hall, kitchen and a lounge/dining room which may be

partitioned. The upper floor contains the toilet, bathroom and 4 bedrooms.
The house is equipped with several ventilation systems:-

Ixtract System -~ drawing air from the bathroom, toilet and

kitchen through adjustable registers. The

fan is in the attic,

Supply System - supplies fresh air via an air handling unit

in the basement through rectangular nozzles
and out behind the radiators in all rooms,

except the hall and those with extract registers,

tarm Air System = low pressure warm air semi-stub duct with outlets

in all rooms, The air is heated via an heat

exchanger in the basement.

MEASUREMENT I75THODS

The technique employed was a tracer gas decay method using Helium tracer

detected with a Katharometer (Cambridge Instruments).

To compute the whole house ventilation rate we needed to measure the
individual room ventilation rates. We had 6 Katharometers and these were
assigned to the most important rooms. In the remaining rooms samples of
air were taken at discrete time intervals for later analysis. Sampling

lines were located at the geometric centre of each room,

It was inevitable that a certain subjectivity should enter the choice
of rooms in which continuous records of tracer gas concentration would be
made. Our policy was to use Katharometers in the downstairs rooms and in
the upstairs rooms on the windward side of the house, These being the rooms
most likely to admit fresh air,

Helium was injected into all rooms to achieve a uniform concentration
of about 0,5% throughout the house, Tests were continued for about 1 hour,
5 minutes of which was taken up by the mixing time and sampling time of the

detectors. Mixing fans were used in the downstairs rooms,

Tor each room a semi~logarithmic plot of concentration against time
wes produced, Two methods were then used to extract from these plots

a figure to which could he ascribed the label, whole house ventilation rate.
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Difficulty of analysis arsse not with those rooms whose sole supply
of air is from outside since the nlot was linear with 2 slope the nesative
of the air infiltration rate, but with those rooms that were subject to
varying ventilation conditions, sometimes admitting fresh air and somctimes
constituting a pathway for outzoins house air, Those rooms that acted
solely as outgoing routes were of no concern in czlculating the ventilation

rate since the fresh air is accounted for as it enters the house,

The two methods we used were: Firstly, to look at the wind direction,
shape of the decay curve and smoke visualization tests to determine those
rooms into which fresh air entered. If any doubt existed or if the room
was of intermediate type, sometimes admitting fresh air, sometimes an outflow
path, then it was included in the summation. This gave an upper bound.

The second method was based on that of Dick (°'), This method necessitates
close attention to the first portion of the decay curve during which time

the concentration of the tracer gas has not changed greatly from its initial
value, For rooms with fresh air intake the semi~logarithmic plot is linear
with a2 negative slope, For rooms that are outgoing the initial slope is

zero since air coming from other varts of the house has the same concentration
of tracer gas. As time passes the slope will reflect the average ventilation
rate of those rooms that connect with it, Figure 4 shows some typical decay

plots.

FIGURE 4
TYPTST, WELTUM DECAY PLOTS

———.

OUTGOING
INTERMEDIATE

INCOMING

L]
time



- 16 -

3y a series of tests such as these we measured the natural ventilation
rate of the house in a variety of weather conditions. Some of the tests
were done with the house in its natural state, some after the house had been
draught-proofed by sealing the windows with tape and the front and back doors

with proprietary foam strips.

THE EFFECT OF SEALTNG

The natural ventilation rates measured in the house after the application
of the sealing measures when compared with the results for the unsealed house
mave a direct measure of the effectiveness of the sealing measures. The range
of values thus calculated showed that sealing the doors and windows reduced the
ventilation rate by between 30 and 45%, the average reduction being 34%, This
example illustrates the important contribution made by the background areas to
the total open area of this particular house., It illustrates too, the dangers
of fcalculating' ventilation rates for houses from a knowledge of the open area
of doors and windows alone (!'). The other important consecuence of these
findings is that the maximum reduction in ventilation rate that weatherstrioping
this particular house could produce was only 34:, To reduce it further it would
e necessary and difficult to seek out hairline cracks and small gaps all over
the house. In this house such additional measures are unlikely to be cost

effective,

ITOCHANTCAL SYSTTIIS

Tests were done on three mechanical systems. These were, the supply system,
halanced to give an house air change rate of about one per hour, the extract
system, removing about 1 house volume per hour mostly from the kitchen and the
combined supply and extract systems both operating at a rate of 1 h™, All 3 .
systems were tested on the house in its sealed and unsealed states providing
further evidence on the efficacy of sealing and highlighting the need for stringent:

sealing to accompany the installation of a mechanical system,

Some very interesting results emerged from these experiments, A fuller

- . . 2 - -
analysis is to be ziven elsewhere (‘2) here the major conclusions are presented,

In general the measured ventilation rates for the mechanical systems were
ni~her than the corresponding natural ventilation result under comvarable weather
conditions., The ventilation rates for all three mechanical systems were higher
than the design rate, Of the 3 systems, the extract seemed to be the least
weattractive, An ideal mechanical system would orovide the design air change
rote regardless of the weather condition, The extract system exceeded the desimn
rete by the least, the combined supoly and eitract system exceeded the design

rate by the greatest amount, sometimes by 25 rmuch as 1.5 a.c.h."‘. The combined
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orotem did not ~ffect the ovressure within the house and so its effect added
on to the natural ventilation, The extract svstem tended to depressurize
norts of the house and it remains surprising that it should be the best of the

srstems that were tested,

The resulis mentioned are preliminary and represent a minimel data base,
‘mit the overall trends remain valid. The results indicate that the problem
of the interaction of a mechanical system with the natural ventilation is a

complex process,

The earlier ciscussion showed some of the limitations of the tracer gas decav
technique and some of its difficulties. To overcome some of these problems
we devised an automated ventilation measureins apparatus which will be described
2t the end of the next and final section after a review of concurrent

developments towsrds automating air infiltration measurements,
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AUTOMATED METHODS

In this section we will discuss 3 automated methods of air infiltration
measurement. The main impetus for automating ventilation measurement is
the long time scale necessary fully +to understand the effects of weather
parameters and the labour intensive nature of the analysis of these results of
tracer decay tests, Automated methods can reveal additional information and

this is discussed below,

HOMTIA TS METHOD

Honma's Method (°%) used CO, as the tracer gas and used it in the form
of a solid. The dry-ice was heated by an electric hotplate so that the heat
input and thus the gas release could be determined with some precision, The
method was applicable to multi—cell dwellings, Ecquipment to produce and
mix the CO» was installed in each room. Honma's experiments used a mixing
fan at the outlet of the polystyrene box containing the solid CO, to ensure
thorough mixing of the tracer gas with the room air. He also found it
preferable to heat the CC, zas to a point at which its density was comparable
to that of air to overcome a tendency to stratification. The concentration
of CCo in each room was measured every 10 minutes, Honma's test space

consisted of 3 rooms in a line, room 2 was the middle one.

Assuming a knowledge of the concentration at time t, and t, and the rate
of gas production in room 2 in the time interval then the gas concentration

in room 2 can be calculated as:
ConVo = CyoVo + W, At + (011.))2, + Co-))zo + 04 ))23 2012‘)) 0p ) L3t .
vhere |
Cti 1is the concentration in room i at time %
75 is the room volume
Ho is the gas production rate
))ij are the various flow rates into and out of the room,

Zaquations such as that above may be set up each time the concentration
is measured, Together with continuity equations they may be treated as a
linear system if the concentration measurements are made at short intervals and

if the changes in concentration may be taken as linear.

In practice the equations rmuust be reduced to a system of linear

differential equations and solved by a computer program. The resultant
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of 211 this effort is the complete solution of the flow equations. Trom
this we obtain not only the ventilaiion rate but a2lso some idea of the cross—

ventilation flowus,

-

TIARRJ 7, HUNT, TREADO, ITALTIL

ilarrje et al (25) use SF: as a tracer gas and have autometed the tracer
gas decay technique, SF5; is injected in controlled volumes at discreet time
intervals and the ratc of change of tracer gas with time is found by automatic
sempling and measurement using a gas chromatograph and an electron capture

detector, The timing sequence is provided by electronic cam timers,

COIDON, GRINMSRUD, SHERMAN, I/AITERUD

P,Z. Condon and co—workers (2°) have developed an automated controlled-
flow air infiltration measurement system with the possibility of use to
study, concentration decay, continuous flow in a single chamber and in a
rmlti=cell dwelling. Their system is built around a microprocessor
controller and uses Nitrous O:xide tracer gas and a iiiran analyser.

The control strategy that is adonted is to adjust the gas flow rate to
cause the concentration to move towards a range of target concentrations,
The update interval from the ridcroprocessor must exceed the mixing time of
the test space to prevent resonance and other instabilities. They do not
use mixing fans. The gas is injected in known cuantities by releasing a

calibrated dump volume of gasAinto the test space,

Assuming perfect mixing, the volume of the test space, V, times the
change in concentration is the difference between the amount of tracer gas

injected into the space, ¥, and the amount lost by exfiltration, VAC

4dc
v = = -
' = F VAC
re—arranging this gives:
P Vv dacC
R=A = T T T &

If the flow rate can be controlled to keep C constant, %% vanishes

and the exfiltration rate is simply the flow rate over the concentration.

Having measured the exfiltration Rate, R, the effective volume of the
space may be determined, In the absence of z measurement this is taken

a2s the total volume less thal of any cupboards, furniture, fittings,etc.
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2n=nrranging the nrevious equation we get:

T a 2= 0]
prizes
br adjusting F to cause a rapid change in C, then, dC/dt can have a
simificant value and V can be determined, This apparatus can thus be used
to produce the mean ventilation rate and the effective volume of the test

spaece. To date the system has been tested on 2 single—celled test space.

The automatic ventilation measurement apparatus that we are developing
at STGAS, as part of a project sponsored by WATSON HOUSH, is based on a
similar principle to the system just described. We elected to use Nitrous
Oxide as the tracer gas and to use Infra-red detection, In our case a
Leyoold Herraeus detector is used., The differences between our system and
that previously described lie in; the scope of the system, the facility to

perform multiple gas experiments and the computer control.

PRAINCIPLT AND SCOPT OF TH# SEGAS SYSTEM

The basic principle behind the method is to have a direct measure of
ventilation rate rather than a subjective inferential one., To do this we
maintain the level of Nitrous Cxide tracer gas constant throughout the test
nhouse, By this strategy the effect of air novement from cell to cell within
the house is eliminated since all z2ir in the house has an identical
concentration of tracer gas. It is this movement of air within the house that
renders uncertain the tracer gas decay technicue. In the automatic control and
measurement system that we are developinz only the. incoming fresh air is

neasured and indeed the air is measured only in the room whereinto it enters.

The volume of zir entering each cell or room of the house is directly ®
oronortional to the volume of tracer gas that is injected to maintain the

tarmet concentration,

Qur system can control tracer gas concentration and thus measure fresh air
infiltration in up to 12 intercomnecting rooms simultaneously, Gas is injected
by way of a pressure emalizing manifold and through lines of equal length (and
resistance) into each room. The control of gas concentration is effected by
varying the duration of the injection veriod. This can be any vhole number of

scconds from O to 63, The room air is samnled through continuously purged lines

QO

on a 6 second cycle, Solenoid valves control the sampling and injection
nrocesses, The air supply 1lines are connected to the analyser through a

12=1eg~ed spnider!
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fr apoarntuc s controlled b a Tweale:r Deta Lormcer/ilove minicomputer
crrotem. The individual solenoid valves are activated by a2 c-mrand from the
computer which omnerates an isolatine rels:r to which the valve is connected,
Trhe sampling valves are opened, in secuence, for & seconds, The injection velve
oneninz times are computed, using incorporated algorithms, from 2 knovledse of

the present value of tracer concentration and the previous one.

Preliminary ermeriments with the system have shovm that basic control
strategy is sound a2t the time of writing we had just begun to record information

on the effect of weather parameters on natural ventilation rates.

CULTIPLE GAS TIPTRTHTNTS

Single gas exneriments based on controlling concentration can yield room
ventilation rates or, by summation, whole house ventilation rates. The importance
of cross flows can be ascertained from controlled injection experiments, like
those of Honma, or from multiple gas technicues where more than one gas is
injected into certain rooms. The primary tracer is used ‘o determine the room
ventilation rate and the secondary tracer to investigate the destination of air
leaving the room. 7his type of experiment is to be used to determine the role
nf the loft space in house ventilation and could be used to ascertain flows

from the ground floor to the first floor, or from one room to any other in the

house,
e FUTURDE

This type of automated system has, we believe, a great future due
principally to the ease with which one can produce a value for ventilation rate
f any simple or complex space rumming from one room up to 12 inter—connecting
rooms, There is no reason to stop at 12, zalthough our experience would suggest
that 12 is a reasonable upper limit, The ventilation rate obtained from using
the system is available after 1 hour and a further result is available in every
succeeding hour, The value of air infiltraition is, based on 2 direct measurement,

free of subjective assessment and bereft of unnecessary human labour.

It CONCLUSION

Yle have shorm the present and future sisnificance of ventilation heat

loss, discussed causes of ventilation and ways of controlling it,

xperiments verformed in the STGAS Test House have been reviewed. These
hz e shovm how mechanical ventilation systems affect the natural processes,
In the last section we indicated the current trend towards automztion and
~limpsed some of the future benefits of using such automated systems in terms

of the ease and accuracy of measurement.
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