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Existing brick walls usually have a high U value.

One method of improvement is by insulation, but 1f the wall

taces approximately south, 1t 1s possible that greater
benefits could be obtained by improving the wall's
pertformance as a solar collector. Three solid 225 mm walls
were constructed: one glazed, one unglazed, and (since
glazing prevents rain penetration) one waterproofed
unglazed wall. Two glazed cavity walls were also

constructed one glazed with a fan to recover heat from the

cavity by forced convection, and one unglazed, with no fan.

These walls gave small heat galns.

The walls behind the glazing were then 1nsulated on
their outer faces, and warm air collected by natural
convection. Such a collector was built using a selective
surface, a maximum efficiency of about 50% was observed. A
theoretical model was developed based on simple steady
state theory, this was found to correlate well wlth

experimental data. The theory could be used for any system

of low thermal storage, 1ncluding forced flow collectors.

Fainally these walls, and others, are compared and

their reletive merits discussed.
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Chapter 1

Introduction

Building regulations for the thermal insulation of
new bulildings are stringent and are likely to become more
so. There are, however, no similar regqulations covering

older buildings and it is difficult to design effective

ways of improving them.

A surVey of housing by the Department of the
Environment, 1980-81, (1) shows that 50% of the houses 1in

Great Britain, date from before 1945 and 30% from before

1918. Older houses will mostly have brick or masonry
walls. Insulation for such houses is becoming available,
but outside insulation 1is difficult to weatherproof and
inside insulation greatly disturbs 1inside finishes and
decorations and excludes any benefit from the thermal

storage in-the fabric. Both methods are expensive.

Houses built after 1945 until about ten years ago
will again be mostly of brick but are likely to have cavity
walls. Insulating cavity walls is relatively easy and ais

reasohably effective.

It may be that the thermal storage of masonry,
whether single leaf or cavity, could be utilised in passive
solar heating. Systems such as the Trombe wall are now

fairly well developed for buildings 1n appropriate



climates, and more sophisticated versions can be used in

Britain, for example as shown by Lee (14). It might well
be that such systems would be suitable for rehabilitation
of older buildings. To be worthwhile such systems would
not only have to give adequate heat savings but also be
simple, maintainance free, long-lasting and cheap. The aim

of this thesis is to look at some of the possibilities of

using passive solar energy for rehabilitation.

1.2 - Potentilial of Passive Solar Heating in the

United Kingdom

10 year average data from the Meteorological Office,
show that the global solar input on a south facing vertical
surface, during a heating season between October and Aprail
1s 1400 MJ/mz. For a single glazed, dark surface the
average solair temperature, over the heating season, would
be 18.6°C, but in March, April and October the average
solair temperature would be above 20°C. This would also be
true of May and September when heating is also frequently
required. The significance of these figures 1s that for an
inside temperature of 18°C a wall protected by external
clear glazing would be a net gainer over the whole of the
heating season. For an inside temperature of 20°C the wall
would still be a net gainer for half of the heating season.
Such an arrangement clearly has potential, worthy of more

detailed calculations which will be presented later.



The above calculations are 24 hour averages but
buildings are not occupied or heated continuously. Fig 1.1
shows the typical behaviour of a glazed masonry wall on a
sunny day. Between 1800 and midnight the room will gain
heat when 1t is most required in domestic buildings. In
order to assess this effect the use of unsteady state

calculations is required, this will be done below.

1.3 - Possible Passive Solar Systems

The simplest passive solar device would consist of
glazing on the outside of the masonry wall to utilise the
greenhouse effect to increase the solar gain, fig 1.2 shows

two of the possibilities.

In section 1.2 above a value for the global solar
radiation over the heating season of 1400 MJ/mjL(average
insolation 60 W/m;'[Q“J) was used. Most of this is diffuse
radiation. During the time when there is direct radiation
(average 3 h/day), the global radiation incident on a south
facing wall is only 300 MJ/m2 (average insolation for the 3
hours direct radiation 103 w/m2 [QS]). With this amount of
solar radiation the contribution by convection from a

Trombe wall would not be worthwhile, unless a more

efficient convection collector were to be used. However,
an advantage of the conduction component is that there 1s a
phase lag of several hours between the solar input and the

gain to the room. This 1is useful for houses occupied
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figlZ2-Use of a solid masonry wall as

a passive solar collector

(Q) the Trombe wall

(b) the conduction only wall




mainly in the evening. A disadvantage is that much of the
heat initially stored in the outer parts of the wall is
later lost to the outside. It would be an advantage,
therefore, 1f the outside of the wall could be insulated

and the heat gained transferred into the wall or the room

1n some way other than by conduction.

Two possilible arrangements are shown in fig 1.3. The
insulation on the outer face of the wall prevents the solar
radiation from entering the wall directly, but now the

outer gap could be used as an efficient convection

collector ( because of the increased surface temperature

due to the insulation). In fig l1l.3(a) the storage of the
wall 1is not used and the warmed air enters the room
directly. 1In fig 1.3(b) there is a useful phase lag when

the heat 1s required later.

l1.3(a) would be useful for buildings occupied in the
daytime (between 0900 and 1800 hours), wheras 1.3(b) would

be useful for domestic buildings occupied 1in the evening

(between 1800 and 2300).

The description so far has concentrated on solaid
walls. Similar systems can be devised for cavity walls.

These will be discussed below.
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1.4 - Preliminary Calculations

l1.4.1 - Effect of room environment

The aim of this project is primarily to 1ook at a
single building component, 1i.e a masonry wall, and how 1t

can be improved. In the experimental and theoretical work

in later chapters the environment of the room will be
standardised 1in order to make comparisons between various
wall configurations. At this stage, however, it 1is
essential to see how significantly variations in the room

environment affect the performance of the wall.

Fig 1.4(a) shows a typical room and the various heat
losses/gains normally encountered. Also shown are values

for the various parameters which will be wused for the

calculations performed in the next section. The masonry

wall, under study, occupies the whole of the south facing

wall, except for the window.

1.4.2 - Steady state calculations

Although a steady-state calculation 1is 1nadequate it

is a useful indicator of the amount of heat which might be

gained.

The steady state gain through the collector and

through any other walls 1is
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1

ZiAU(teo-tei) (1.1)
(1.2)

.y

where teo tao + asz+R&3

This must Dbe calculated using the average 24 hour total Q

(6MJ/m2) and the 24 hour average of tao (7 CC), for the

heating season. If convection is utilised, as suggested in

fig 1.3, the daily convected total will consist of heat

collected only during the hours of sunshine (average 3

hours) for which the average daily total is 1.3 MJ/m2. The

gain from convection to the room 1is

9. = "L Qg (1.3)

where 1 is the efficiency of the convection collector

There 1s also a loss from the room due to ventilation

q, = pcv(tao-tai) (1.4)

Taking tai = tei which at this level of calculation 1is
valid, the necessary heat input to the room is

— A Y — - x
q, = (tei-tao) (V+w) + (tei-tao-asQ, R, )*U

+ Q¢ (1.5)
@ 1 L ,
Independent of Dependent only on

collector collector

W is the wall conductance excluding the collector area.

For a room with the given properties

q,, = f(V,tai) (1.6)

Fig 1.4(A) shows how the part of g dependent on the

collector would vary for a typical room.
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1.5 - Further Solar Systems for Rehabilitation

1.5.1 - Cavity walls

As mentioned above, cavity walls are relatively easy

to insulate. They could, however, be made into passive
solar collectors. Fig 1.5 shows some possibilitieé. Some
preliminary observations can be made of these systems.

1.5(a) is 1likely to be less effective than the equivalent

solid wall due to the extra thermal resistance.

1.5(b) although not strictly passive, has a fan which need

not consume much power.

1.5(c) would be difficult to build but may be effective.

For the room described in section 1.4, fig 1.6 shows
the variation in heat flow through cavity walls, (1)

unmodified wall, (2) glazed wall, (3) insulated wall.

The walls with air recovery cannot be readily modelled 1in

this way. From fig 1.6 and fig 1.4 for solid walls, it can
be seen that a single glazed wall has approximately the
same performance as an insulated wall. From this it can be
noted that (1) with diurnal variation, the sunlit glazed
wall will be better than the insulated wall, (2) for cavity
walls, the insulated wall will be more cost effective, due
to its cheap capital cost, and if, for sunlit solid walls,

glazing and insulation are equally expensive, glazing may
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be better than insulation.

1.5.2 - Forced convection for rehabilitation

The main interest of this project is passive solar

energy, but certain active systems are worthy of note. One
such active system 1s the forced air collector which is
fairly familiar in the USA, where air is forced through a
glazed solar panel and the warmed air 1s used to heat a
remote store. Experience of rehabilitation shows that it
1s often necessary to replace both the roof and ground
floor of old buildings. It may be possible that the roof

be rebuilt as a forced air collector and the floor as a

concrete slab suitable for use as a heat store.

Although at an unfavourable angle, the roof collector
has the major advantage that it will rarely be
overshadowed, hence could be used on a greater number of

buildings, particularly close rows of terraced housing.

1.6 - Problems Requiring Investigation

The discussion of heat transfer through a glazed
solid wall (section 1.4) and a glazed wall with a cavity
(section 1.5) shows that the two principal mechanisms
requiring investigation are (1) the conduction of heat
through a glazed wall and (2) the performance of a vertical

glazed gap as a natural convection collector.



Some other secondary problems will also be considered.

1.7 - Sequence of Study

The following will be studied in detail
(1) Unglazed solid and cavity walls.
(2) A waterproofed, but unglazed, solid wall to study how
rain affects heat flow. (1) and (2) are to provide control
data.
(3) Glazed solid and cavity walls
(4) Glazed cavity wall with fan assisted heat recovery from
the cavity.
(5) A natural convection collector, consisting of a glazed
insulated gap. The use of ordinary and selective surfaces
will be studied.
(6) Experimental results and theory will be used to compare
the above walls and some others not studied in detail,

conclusions of significance for future practice 1in the

rehabilitation of older buildings will be drawn.
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Review of Related Work

The deliberate use of passive solar energy for the
rehabilitation of existing buildings is virtually unknown
in this country, although there are several examples in the
USA. These are described along with British examples of

passive solar energy for newly constructed buildings where
the techniques used could be applied to rehabilitation.
(The American examples may be relevant +to Britain but
obviously the climate in much of America is very different

from that in Britain).

2.1 - Passive Solar Enerqgy for Rehabilitation

Some American examples are summarised in (2). Most
of these have Trombe walls with natural convection in the
glazed airgap. The Starwood House, Rocky Mountains,
Colorado, (lat.40 N), (pp 274-7) gains heat by convection

in the day, and by conduction through the wall 1in the

evening. It 1s interesting to note that Trombe's original
wall provided heat by convection in the evening. At night

an i1nsulated shutter 1s used and in the summer the vents

are arranged to cool the house.

A simlilar system 1s used at the Upper Black Eddy
House, Bucks County, Pennsylvania, (lat.40 N), this has 475

mm stone walls with double glazing. However, because of
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the thickness of the wall 1little heat 1is gained by
conduction, and to increase the convected gain, forced air

heat recovery is used.

One of the most famous examples of passive solar
rehabilitation 1s the Keller Products factory in
Manchester, Massachusetts, (lat.43 N), (pp 286-9) also
described in (3). This building has a very large area of
glazed south wall (183 sq m) of a special insulating double
glazed sandwich. Most of the heat is gained by convection

during the day to suit the occupancy of a factory. It is
interesting to note that it is claimed that this building

has no problems with expansion of the brickwork.

An unusual system is used at the Beatrice-Mongeau
House, Pittsboro, North Carolina, (lat.36 N), where a
masonry wall has been constructed behind existing glazing.
The Wickel House, Bloomsbury, New Jersey, (lat.41 N), (pp
289-93) is of lightweight wall construction and the glazing
forms a natural convection air collector with no deliberate

heat recovery by conduction. Both these houses use

insulating double glazed sandwiches.

Some general observations can be made about these
buildings and the potential of using such systems 1in
Britain. The major problem is that the British climate 1is

not as favourable as that in most parts of the USA, e.g a

typical annual total global radiation on the horizontal for
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Britain is 3000 MJ/m for Bebbington (lat. 53°N), whereas it

: /8
1s 4800 MJ/m for Manchester, Massachusetts (lat. 43°N).

As will be shown below, 1in this country, natural
convection in the gap between glazing and a masonry wall
would not be sufficient to collect a worthwﬁile amount of
heat. Hence either the effect must be increased by
insulating the outside of the wall (to reduce the heat
absorbed by the masonry) or the wall must collect heat by
conduction alone. This would not be practicable for very

thick masonry walls such as that in the Upper Black Eddy

House.

At present the special insulating glazings mentioned
above (products such as 'Kalwall') are not readily
available in Britain, and hence until they are, 1t would
not be economical to use them. These consist of double
glazing with a transparent fluid or gel in the gap, giving

the glazing a low U value.

One major British work on passive solar energy for
rehabilitation is by R Lebens (4) which 1s summarised 1n

(5). This 1s based on work done at Massachusetts Institute

of Technology (MIT) for the MIT V solar house, described in

(6). Lebens applied these techniques to a typical

Victorian terrace house.

As much of the south facing wall as possible 1is



glazed, the rest of the outside wall i1s insulated on the

outside, to keep the thermal storage on the inside.

Sunlight entering through the glazing is reflected by solar

modulator blinds onto the ceiling, where the radiation is
absorbed by phase change tiles which later in the day

release their heat to the room, when the insulating blinds

are shut. The heat i1s circulated to the other rooms of the

house by a fan and ducting.

Calculations show that this techniqgue is quite
promising, but at present, because some of the products

used are not readily available, it would probably not be

economic to use them.

Recently, the Centre for Alternative Technology in
Wales, has added a hybrid system to an old house which 1is

fairly close to the work described below in chapter 8 (35).

The construction is fairly complicated and is shown in Fig
2.1, with the modes of operation. The heat exchanger on
the outside of the existing wall is to 1increase heat
transfer from the air to the wall. The combination of
double glazing and selective surface would make the system

expensive, but will <certainly improve the efficiency of

collection. The area of the glazed collector is 13.4 m .

The volume of the store 1is 6.5 m. The area of the heat

exchahger is 6 m

The modes of operation shown in Fig 2.1 are
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(1) Sunny day, house occupied - warm air passed directly
1nto the house. (2) Sunny day, house unoccupied - air
passed from collector over the heat exchanger to store the
heat until needed in the existing wall. (3) Night or dull
day, house occupied - air drawn from room over the heat
exchanger to recover heat from the store, and then returned

to the room.

The entire system cost about £1500, in 1983, but this
1s very much lower than if it had been built commercially.
It 1s 1likely that a realistic figure for the average house

owner would be much more than this.

The 'First European Passive Solar Competition - 1980
had a category for rehabilitation. The most interesting of

the entries was for the improvement of a terrace house in

Bath. The solution was very elegant, and the construction
details are described at some length. The house 1s covered
wlith a combination of Trombe walls, window-box greenhouses
and a conservatory on the ground floor. The Trombe wall is
conventional. It 1is double glazed and has a 'heat mirror'
layer between the two pieces of glass. The conservatories
work by allowing warm air from the top to enter the room
behind. Although not an efficient method of collecting
heat, this 1s probably worthwhile. One criticism of this
is that it 1s somewhat extravagant, although the result is

pleasing in appearance. Such a solution would be



practicable 1f the components could be mass produced.

Important experaimental and theoretical work has been
done by MacGregor at Napiler College, Edinburgh (7). He
compared an unmodified masonry wall with one with outside
insulation and another with glazing. Using simple steady

state theory he showed that the insulated wall would give

an annual total i1mprovement of 160 MJ/mz, where as the

glazed wall would give a improvement of 540 MJ/mZE. He
examined three pieces of existing concrete wall, with
thermocouples on their 1inside and outside faces. The

results agreed well with the theory, although it could not

predict the diurnal variations.

Davies, at Liverpool University, has made many
theoretical studies of glazed masonry walls (36). These
are mainly using steady-state theory, but are informative
as to the gains that might be expected from such walls.
This work is particularly useful for new buildings, for
example, 1n suggesting an optimum thickness of wall. The

main results give the necessary heat inputs to a room in

order to maintain the design air temperature. The

2 .
improvement per m of wall of approximately 0.2m thickness

2 .
1s 280 MJ/m for October to April, or for example, 42 MJ/mz

for March. The method enables the user to calculate the

performance of a wall from tables.
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2.2 - Examples of Passive Solar Energy in Britain

St George's school in Wallasey (8), has proved that
passive solar energy can work in this country. This
building works by direct solar gain, a very difficult
technique to apply to existing buildings since it may
involve demolition of existing walls. However, this may be
practicable where the walls are non-structural, as for
example, using Lebens' technique of replacing much of the
south facing wall with glazing. For a dwelling, it will
often be desired that the heat gained be stored until the
evening, as in Lebens' project. In this country, simple

direct gailin systems, such as that at St Georges school, are

mainly suitable for buildings occupied 1in the day.

One of the most interesting recent buildings 1is also
in the Wirral, at Poulton Lancelyn primary school in
Bebbington (9). The main solar collector is essentially a
conventional cavity wall, double glazed on the outside and
insulated on the inside. In the evening, if the wall ais
warm enough, air is blown, through the cavity and into the
building. No heat is to be gained by conduction because of
the internal insulation. The building is highly insulated,

and has a heat wheel to recover heat from the ventilation

air.

It would be interesting to study this building in

detaill since it would be possible to convert the cavity



wall of an existing house i1into such a collector, except

that it may be difficult to insulate the inside of the

wall.

Normal occupancy of a school is during the day and
not in the evening or at night. Because of the conduction
phase lag of the brick wall the fan recovers heat 1in the
evening when the building may be unoccupied. This is the
reverse 1n the case of a dwelling where the phase lag would
work to advantage. For a school, or other building with
similar occupancy, it may well be more efficient ¢to

insulate the outer face of the wall, and blow air from the

gap between glazing and insulation, directly into the

building's warm air system. It may well be shown that most
of the benefits of this building result from its high
insulation combined with heat recovery from the waste air,

and that the solar collector is almost redundant.

Also in Bebbington are some o0ld people's homes

(10,11) bungalows double glazed on the south with a large

gap (600 mm) between wall and glass. Heat is collected Dby

conduction through the wall and by natural convection from

the gap.

This system could well be used for rehabilitation
although the provision of ductwork to move air from the
collector to the rest of the house could prove difficult.

The large gapwidth makes natural convection less efficient



but does make cleaning the glass easier. Forced recovery

might improve the collector's performance, without the need

to reduce the gapwidth.

The problem of cleaning the glass 1is one to which
there 1s no completely satisfactory solution. If the gap

is sufficiently wide to allow easy cleaning, its efficiency

as an air collector will be reduced. If the glazing 1is

openable, this makes cleaning possible, but also increases

capital cost and the risk of leakage.

The simplest method of using passive solar energy for

rehabilitation 1s undoubtedly the conservatory wlithout
deliberate heat recovery by convection. Some proposed

schemes are described briefly by Turrent et al. (11), who

suggests that the cost may be prohibitive for a new

dwelling (pp 64-6). An example 1is given of a 1lean to
conservatory on an existing terrace house in Milton Keynes
(pp 69-70). This seems to have been reasonably cheap and
it is thought that this simple technique could have great
potential, even though the thermal 1improvements may be
slight, because it also provides an extension to the living
area. In practice this may well be a realistic method of
passive solar rehabilitation. Cleaning of the glass shou}d

prove no problem.

B. Berrett (33) provides a good survey of possible

technigues, and further British examples of passive and
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hybrid systems, one of which will be described in section

2.4.

2.3 - Potential of Active Systems for Rehabilitation

Chapter 9 of this study will describe a joint
proposal by Leeds University and the Cynon Taf Housing
Association, to rehabilitate some terraced housing in
Aberdare, South Wales (33). Lack of space meant that such
structures as conservatories were not possible, the only
large area avallable being the roof, which will be
reconstructed as a forced air collector. Such systems are
very common 1in the USA both for new housing and for
rehabilitation, the usual thermal storage being a bin of
stones 1n a basement. Many examples are described by
Shurcliff (6). For a small terrace house it may be
feasible to use the basement for a store but if there is no
basement, then the masonry parts of the house must be used
1.e the walls or the ground floor slab. This 1is also

discussed in chapter 9.

Forced air collectors, even for new housing, are rare
in Britain, the most important example beiling the Building
Research Station's experimental heat pump house (12). The
collector 1s of profiled metal cladding 1insulated on the
rear, air being blown through the enclosed channels of the

profiling. No deliberate thermal storage 1is used 1n the

house, the heat is immediately upgraded by an electric heat
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pump and passed 1into the house. The use of forced air
collectors seems very much cheaper than passive systems,
especlally for rehabilitation, since the roof of the house
would probably be renewed anyway. The use o0f both heat

pumps and thermal storage have potential, but must be left

as a matter for further research and development.

2.4 - Conclusions

At present simple techniques will Dbe the most
practicable, but products described in work by Lebens may
well become available soon, and hence i1ncrease the number
of options. Certainly the simple conservatory seems

feasible, i1ts 1likely performance 1is therefore assessed

later (chapter 5).

More complicated Trombe walls and natural convection
collectors may well be possible but need careful design to

make them cost effective for the British climate. Some

examples of these walls form the main body of the present

work and will be discussed in much greater detail. Forced

air collectors have potential, but full size demonstrations

are needed to prove their value fully.
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Chapter 3

Masonry Walls - Experimental Work

The site for the experimental work was that used by J
Lee, described fully by him (14). The data logging
equipment is also described by him detail in (14), but will
be discussed with reference to this work in 3.2. Reusing
the site and some of the equipment proved to be no problem

and saved much time 1n beginning experimental work.

3.1 - Description of Walls

Five walls were bullt:
(a) Cavity wall glazed, at first with a sealed cavity,
later with fan assisted recovery.
(b) Cavity wall unmodified.
(c) Solid wall glazed.
(d) Solid wall waterproofed on outer face.
(e) Solid wall unmodified.
(c), (d) and (e) are all double thickness brickwork. These
are shown in Fig 3.1. Walls
(b),(d) and (e) are built on top of each other. Vertilcal
conduction between them 1s nhegligible because of the low

temperature difference. The glazed cavity wall (a), is

built over a manifold with a fan which allows air to Dbe
blown through the cavity. Fig 3.2 shows a plan of the room

in which the walls are sited.

None of the walls is painted dark, so that they can
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be compared wlthout having to measure the sur face
absorptivity. In practice the glazed walls may be

darkened, which would give an improved performance. The

waterproofed wall 1s painted with a transparent sealant.

The solid wall (c) is glazed whereas the cavity wall
(a) is covered with perspex. The two materials have
similar properties and since comparisons of (a) and (c) are

not necessary, ahny dilifference can be ignored.

All the Dbricks are LBC 'Regency' facing bricks.
These have an average density of 1640 kg/m3. Most existing
walls would not be entirely buillt of facing bricks, but
this was done to simplify comparisons. The mortar used 1s

three parts sand to one part of cement.

No difficulties were encountered 1n constructing the
walls. The cavities were kept as clear as possible, cavity
ties were 1nserted at standard intervals. The solid walls
could not realistically be constructed of either 'Flemish
bond' or 'English bond' hence they were constructed 1in

stretcher bond with a single header at alternate ends oOn

each course.

The walls were insulated at the edges with 50 mm
expanded polystyrene. The walls (b),(d) and (e) are
separated by bituminous felt. Originally they were to be

separated by 1insulation but this proved difficult to



construct.

An important point to stress is that the walls face
33 east of south. This means that the wall may be less
efficient than a wall facing due south, but 1s realistic in
that existing walls do not all face south. The peak wall

temperatures will occur earlier than with a south facing

wall. The room air temperature is maintained at 20 C by a

simple thermostat, controlling an electric warm alr heater.

3.2 - Monitoring of Walls
Temperatures within the walls are measured with

calibrated copper/constantan thermocouples set into the
bricks as shown in Fig 3.3. The thermocouples are grouted
into 12 mm deep, 3 mm diameter holes with cement. The
serlies of thermocouples, across the wall, 1s to give a

clearer i1dea of how the heat i1s flowing within the wall,

particularly due to the warming and cooling caused by the
solar gain. The spacing of the thermocouples was governed

by the total number that could reasonably be monitored.

Calibration of the thermocouples 1s described by ﬂee (14).
The two glazed walls have thermocouples at two levels, the
other walls have only one set. The reason for measuring
the temperature distributions 1is to observe, qualitatively,

the behaviour of the heat flow 1n the wall.

Also measured were the temperatures of the room and
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the outside air, the thermocouple used for the outside air
1s in an aluminium radiation screen. The 1nsolation 1is

‘ ' _ 2
measured with a solarimeter (calibrated at 11.5w/(W/m”) ).

The i1nputs are scanned by the data 1logger and

recorded i1n MV on paper tape. The logger has at times been
unreliable, and for a 1long period in 1981 it was not

working at all. At other +times 1t has suffered from

electrical interference the consequence of which has been

1rregular output files. Much time was needed to correct

these output files manually, which meant that it was

impossible to record as much data as was originally

desilred.

There were some problems 1n monitoring the glazed
cavity wall with forced ailr recovery. Origlnally it was
controlled by a differential switch which very soon broke

and proved 1impossible to repalr. Another control system

was designed which was simpler but 1less flexible. A

central heating timer switches the fan on at 1600 hrs and

the thermostat which 1s set at 20°C, switches the fan off

if the air 1s below this temperature. The timer switches

the fan off at 2300 hrs. This system has worked without

any trouble.

The air flow was measured with a heated thermistor
which was not suitable for continuous monitoring, so. 1t

could only be used manually. No significant changes 1in the

~‘J'"1



alrflow were observed, the air flow was 0.07 m:s/s. ToO

determine whether the fan was switched on at any time, the
exact set temperature of the thermostat was found (20.4 ° C)
and if the recorded temperature was above thilis, then the
fan was assumed to be on. Observations showed that the
thermostat was consistent and this technique was reliable.
The heat gain by the air is given by

gq(conv) = pcV(tout-tai) (3.1)

3.3 - Heat Flow From Wall Surfaces

For all the walls except (a) the only mechanisms of
heat transfer from the room are by convection and radiation
to the wall surfaces (which also occur in wall (a)). It

was essentlal that thilis heat flow should be monitored with

some accuracy.

Originally it was lintended to build some form of
'heat box' on the inside of all the walls. This would have
been difficult and would give unrealistic results, since
under real conditions the heat transfer 1s affected by
draughts and radiation from other walls (i.e heat transfer
can be consldered dependent on the environmental
temperature). Having tested the air flow around the room
with a heated thermistor, the velocity of any draughts

varied little from place to place, and rarely exceeded 0.l

m/s.
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Hence to keep the results realistic the walls need to

be left unaltered and some value for the 1nternal surface

resistance was needed to use the relation

gtot = (ts-tei)/RSI (3.2)

It was decided to analyse theoretically how much Rsi

could be expected to vary. The value is made up of three

components, natural convection (due to temperature
gradient), forced convection (due to draughts) and
radiation. The radiatlion component can be considered

constant at

h o,. = 5.8 W/m K (3.3)
For verification of this see appendix 3. The emissivity of
all walls for long wave radiation 1s 0.9. The calculation

of the configuration factor , which includes the emissivity
1s also given in appendix3. For the room in guestion the
configuration factor 1s 0.98. The natural convection
component is a function of the wall height and the
temperature gradient and 1s given by O'Callaghan (15),

these are

Laminar hpe = 1.37((ts~-tai)/L) (3.4)

| o35
Turbul ent h_en = 1.75(ts-tai) (3.5)
Average h,, = (h_, *L . *thq,._ (L-L, ,.))/L (3.6)
where Lipm = (6/(ts~tai)) (3.7)

These equations require the use of SI units.

L is the distance along the plate at which transition
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occurs. The forced convection component 1s a function of

the local air velocity over the surface and 1s given by
Laminar  h = 0.5913(Re ©)/(40L) (3.8)
where Re 1s the Reynolds number, a function of v the

average velocity, and L 1s the length of collector.

A variation of v from O to some high wvalue is used in

equation (3.8).

The convection components are a function of the
di1fference 1n temperature between the wall surface and the
alr temperature, whereas the radiative component 1S
dependent on the difference in temperature between two wall

surfaces. The floor and wall opposite are adjoined by

rooms also maintained at a fairly high temperature, and

these surfaces were observed to vary little from the air
temperature. All the other outer walls have 50mm of
insulation on their surfaces. For an outside temperature
of -1°C, the inside surface temperature of these walls
would be 18.8 °C, hence, simplyfying the radiative heat
transfer to be dependent on the air temperature would 1lead

to an error of about 5%.

As i1t has been shown that all the heat transfer
mechanisms can be considered dependent on the difference
between the wall surface rtempérature and the alr
temperature the total heat transfer co-efficient 1s the sum
of the three and, R 1is the reciprocal of this value. Fig

3.4 shows the variation of Rsi agalnst various parameters.
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In these calculations it has been assumed that tei 1is equal

to tai to simplify comparisons further.

It can be seen that the value of the internal surface
resistance does not vary much even i1f the parameters it
depends on are varied to extreme values. For practical
values of the above parameters the internal sur face
resistance does ﬂot vary much from the 0.12 m,K/W

recommended by the CIBS guide (Table A3.4) (l16). Hence for

consistency and simplicity this 1s the value used to

calculate all subsequent heat flows. The errors arising
from this would be no greater than in any experimental

measurement.

3.4 - Monitoring Proceedure

Since so many channels need to be scanned (up to 90)
1t was only possible to record a full day at 20 minute
intervals. This 1s only a disadvantage 1n recording the
insolation, since the value recorded at any l1nstant may not
be typical of that period. All the temperatures vary
sufficiently slowly for this to be no problem. The effect
on the values of 1insolation wi1lll clearly be seen 1n the

results and hence these must not be relied on too heavily.

The glazed cavity wall was run up to March 1982

without forced air heat recovery. This left a relatively

short time for results to be obtained with forced alr heat
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recovery but this was sufficient to glve reasonable

results.

Paper tapes were changed manually and read into the

Leeds University Amdahl computer for analysis. This was

found to be time comsuming because the University has only

one paper tape reader which was frequently out of action

which caused delays.

3.5 - Tape Analysis

After the tapes were read 1nto the computer and
corrected where necessary by hand, they were analysed by a
computer program of which the flow chart is shown 1in Fig
3.5. Many of the problems of analysis are the same as

those of J Lee and are described by him (14).

The main part of the program allocates channels to
walls, recognises the innermost thermocouple of each and
calculates the heat flow. The channels 82-85 are
recognised individually as special functions (insolation,
room temperature, outside alir temperature and temperature
of glazed cavity wall air output). The results are put
into various output files and can then be displayed on a

line printer or by a graphical output program.
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Chapter 4
Masonry Walls - Experimental Results, the Effect

of Reduced Raln Penetration due to Glazing

As mentioned above, glazing a brick wall will prevent

rain penetration which in turn wi|] alter the heat flow
characteristics. To test this effect a solid wall was

built which was coated on the outside with a transparent
waterproof varnish. Its performance was compared with that

of the unmodified so0lid brick wall. This 1s a control

experiment to check what proportion of the improvement 1s

due to preventing raln penetration. No attempt will Dbe

made to analyse this effect theoretically in this thesis.

4,1 - Theorx

The way in which rainfall and moisture absorPtion

affects the heat loss through a wall is complicated. A
summary of the various mechanisms would include,
(1) evaporation from the outside surface

(2) condensation within the wall

(3) water flowing down the outer face.

These in turn would alter the wall properties 1.e the

thermal capacity and the specific heat capacity.

The theory of the combined effect of moisture and

heat flow 1l1s complicated. There was insufficilient time to



do a rigorous theoretical analysis of this problem,
although 1t would be very difficult to Jjustify any

hypothesis from experimental work alone.

This problem was partly solved by Vahid of Newcastle
School of Architecture (17). This work was a completely
theoretical analysis largely covering the experimental work
outlined above. Comparisons with this work will be made
below. Vahid's work is a modification of Basnett's 'HOUSE'
computer model (18) for simulating the thermal performance
of buildings, based on unsteady state theory. A typical
house 1s simulated which has intermittent heating. The
model begins with all the walls dry, and 1s run for 12
hours model time to allow the model to steady. Then the
house 1s subjected to heavy rain for 6 hours, after which
the model 1s run for a further 72 hours with no further
rain. Vahid studies the effect the rainfall has on the

wall and room temperatures.

4.2 - Experimental Results

4.2.1 - Experimental measurement

The measurement consists simply of comparing the heat
loss of the two walls. The values plotted on the followlng
graphs are

g(unmodified) - g(waterproofed) (4.1)

The monitoring of these heat flows 1s as described 1in
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section 3.3. No continuous measurement of rainfall or wind

speed was made, but for each day the 1nsolation and outside

alr temperature is given.

4.2.2 - Results

This section describes the experimental observations

made, comparing the waterproofed and unmodified walls.

Results fall i1nto two catogories, those from 1long
perliods of c¢old, wet weather, and those from long periods
of warm, dry weather. In periods of changeable weather the
results tend to be a combination of these two extremes.
The positive values on the followling graphs show the

waterproofed wall with a lower heat loss than the

unmodified wall.

Fig 4.1 shows results for a day in the first

category. The period was cold, with little sun and much,

often heavy, rainfall. The curve consistently shows a 6-8

W/mz (0.8-1.0 K) difference. It 1s 1mportant to note that
a period of heavy rain does not cause any rapid change 1n

heat flow on the l1nner face.

One exception to this i1s 1f the sun shone for a
appreciable time in an otherwise cold, wet period. Results
for such a day are shown in Fig 4.2. After the period of

sunshine the difference between the two walls approaches
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zero, as the evening progresses the difference reappears

although there had been no further rain that day.

An example of the second catagory is given 1n Fig
4.3. This period was very dry and even though it was
relatively dull, there i1s no great difference between the
two walls. Any small amounts of rain in such a period have

no noticable effect on the heat loss of the unmodified

wall.
4.2.3 - Discussion of results

Having made some observations, 1t 1s necessary to
provide some explanations. Clearly, without more detailed

results these explanations can only be hypotheses.

During the winter when the weather is c¢cold and wet

with little sunshine 1t 1is quilite clear that the wall has

very little chance to dry. To support this Fig 4.4 shows

the time taken for a brick to dry at room temperature. The
brick was first saturated, and molsture was allowed to
escape from all surfaces. Drying 1s very slow. The

experiment was not monitored after the end of the graph on

fig 4.4.

It 1s 1interesting to compare observations wlth

predictions from Vahid's theoretical work. He expects a

o

rapid varilation in the internal surface temperature during
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the period of rain. Such an effect was never observed, but
1n the period immediately after the end of rainfall,
Vahid's results compare well with the experimental results
given 1n Fig 4.1, both show a difference of about 0.7-0.8
€. Vahid's results also show  that the difference
disappears when the outside air temperature rises. Vahid's

_model takes about 36 hours after the end of the rainfall

for the difference to disappear permanently.

In the winter, on a sunny day, as summarised 1in Fig
4.2, the outer parts of the wall dry, so that there can be
no evaporation from the surface. After the period of sun,

molsture from the 1nside of the wall will have diffused to

the surface, and evaporation will agaln take place cooling

the wall. The fall 1in the graph 4.2 from 1100 to 1600
hours, followed Dby the difference reappearing seems
consistent with this hypothesis, (the maximum solar

radiation is at 1000, the minimum difference 1s at 1700,
the phase lag i1s hence 5 hours, which 1s what would be

expected for a double thickness brickwall).

For very dry periods, such as April 1982, the
unmodified wall will dry almost completely and any small

amounts of rain will soon evaporate and have little or no
effect on the heat 1loss. In such a period the thermal

conductivity will also be lower.
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4.3 - Conclusions

The experimental results obtained seem consistent

with Vahid's theoretical work, except during the period of

rain. Vahid expects a rapid change in the wall internal

surface temperature of up to 2 K. Such a change was never
observed 1n the experimental work described above. The
difference may be caused by the fact that the model was
begun with dry walls which is rarely true 1in real walls.
In winter a temperature drop of about 1 K could be expected
on the 1nside of a solid brick wall which i1s equivalent to

about 8 W/ml

gtot = dT/R¢, = 1/0.125 = 8 W/m" (4.2)

Although the experimental results discussed above
cannot show why this difference occurs, Vahid suggests that

the major affect i1s the evaporation from the outer surface.

Vahid's work compares well with the observed results. The
effect of rain penetration can be significant, but provided
the wall i1s well pointed, 1t would not be worthwhile,

thermally, to waterproof a solid wall.



Chapter §

Masonry Walls - Experimental Results, effect

of Glazing on Solar Galn

The results fall into two sections - those for solid
walls and those for cavity walls. Theoretilcal comparisons

are made only where 1t helps to explain the experimental

results. More detaliled theoretical results are described
in chapter 10. The important parameter considered 11s the
'improvement', thilis 1s the reduction in heat loss through

the wall, comparing the modified wall with the unmodified
wall. The previous chapter eliminated the i1mprovement due

to the prevention of rain penetration. This chapter

discusses the improvement due to the increased solar gain

caused by glazing of the walls.
5.1 - Solid Walls

5.1.1 - Experimental results

The heat gain or loss from the solid brick walls was
only by convection and radiation from the wall's inner

surface to the room. The effect of moisture was examined

in chapter 4, hence the two typical situations to consider

are a sunny day and a dull day. For comparison the
performance of the waterproofed wall is given with that of

the glazed wall and the unmodified wall.
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F1g 5.1 shows the heatflows and the weather data for
a typical sunny day 1in late February (23/02/82). In the

evening the glazing gives an improvement of about 20 W/ml

(2.5 K), this means that between 1800 and 2300h the glazed
wall loses no net heat, (i.e the evening occupation period

discussed in chapter 1). Over the day the glazing gives an

improvement of 1.7 MJ/ml.
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