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1. introduction
Techniques and procedures which make

a useful contribution to energy savings -
bavcund«mndablymeivedincruﬂns :

attention during recent years uses. One
such techalque known as thermography,

uses thermal imaging cameras to examine

the thermal integrity of buildings glving
valuable information relating to building
design and quality of assembly.
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that they detect the infre-red radiation
rather than the visible light from an
object. They consist essentially of a
compact, portable camera unit and
display monitor (figuse 1).

Thermal imaging cameras were
originally developed for military
purposes, but for the last decade they
have been used extensively for civilian
applications, in particular in indmtril!‘
and medical fields?,

'n & typical system the camera rapidly
scans the surface of an object making
between 10° to 106 measurements per
second; the infra-red detector’s response
being 10 the enérgy of the
incident radistion. The heat picture is
constructed from the resulting detector
signals and displayed in real-time on a
television-type monitor. Variations in
energy levels, and hence, temperature
cmgd.mdkphyedumduofmy
The usual mode is as shown in figure 2{a)
with lighter shades ting warmer

represen .
temperatures. This image which can be

recorded on photographic film or video
tape can be presented as discrete
quantified levels of energy or

temperature, known as isotherms, with
each level being highlighted as a brilliant
white shade. This facility, examples of
which are given m figure 2, aliows 8
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can be taken where each colour
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The conversion of ‘the camera
recordiw Into temperature values
volves calibration curves for the gain
md aperture settings, the position and

width of the relevant jsotherm marker
and & knowledge of the emissivify apd  the

teansmittance of the - ebject
studied. . This paper Is only
withtbeinspecﬁonofomue
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expensive temperature-measuring

devices (about £30 000 each), but they do -

have several unique features which offset
this finsncial dissdvantage for certain
‘Because of the °*‘visual’

‘applications. -
. quality of the image, npidmnin;can
"be made of large’ areas from remote

positions, giving high thermal and spatis}

- resolution (typically 06.2°C ot 20°C and
1m rad respectively). A lasge quantity of .

thermat dats is displayed in real time ina

form that can be readily appreciated and,
if necessary, easily recorded.

3. Thermographic inspection

The camera has proved a useful tool to
engineers and srchitects, giving detailed
thermal information relating to building
insulation faults, structural design, heat
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distribution, ete. A major application s
the detection of insulation faults and
voids in walls, floors and ceilings,
Techniques of this nature have been well

“established in industry for several years,

Thermography has been used on 2
routine basis to monitor refractory and

insulation losses in blast furnace

complexes, catalytic cracker units, etc.
‘The work has developed around
indusiclal plant with high capitel and
process costs, where expensive inspection
techuiques can readily be justified.
. A factor that effects thermographic
inspection work in the building industry
to @ greater extent than work on
industrial plant, Is that In general smailer
surface temperature differentials ase

‘required to-be measured. Generally,
" temperature differences of the order of

0.2°C have significance with regard to
imuhﬁoncondition in buildings.

4. WMessurements Emitations

The small temperature differentials
associated with building i ion work
often require the use of the camera to its
maximum sensitivity and, more impor-
tant, & careful cholce of . monitoring
procedure,

Modern thermal i lnugmg cameras will
accurately and reliably monitor the
energy distribution coming from a
surface. The problems stem sometimes

- from the conversion of these energy levels

to temperature, but, more often, from
the analysis of the temperature profiles in
terms of, for example, thermal insulation
condition. -

~ All opague objects will emit energy
proportional to the fourth power of their
absolute tempetnure and their surface
emissivity. A camera looking at the
object will record . this energy plus

sdditional quantities reflected from the -

surface. The ' proportion of - reflected

g PG e

[S——

&



. and the adjacent ambient temperatures
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internal surfaces. A cool band would be
expecied at the junciion of ar exiernal
wall and floor due:-

i 1o thesurface area of the external
wall being greater than that of the
internal wall, and

ii a reduction in radiation and
convection surface heat
exchanges.

This effect could be readily differen-
tiated from thai due (o any insulation
voids by accurale lemperalure measure-
ment and an inspection of the tempera-
ture profile variation at a fixed horizonial
level: ie comparisons were made between
adjacent areas where changes in insula-
tion properties had occurred but which
where subject to the same environmental
conditions.

The analysis of the data is more
accurate when relative changes of
insulation standasds are required, such as
those that oocur with localised defects,

8ib). As Bla) but with two lsotherm

leveis respecting a temperature

difference of 1.6°C highlighting general
background and sres ¢ § volds

Surface heat (ransfer paramelers are
major unceriainties, wind variation being

the main factor. Effective ambient
temperatures are also difficult to
establish for enample, air temperature
changes are more rapid than wall surface
temperature changes and the air
temperature varies within a room,
especially from the floor 10 the ceiling.
These and other factors are generally
common (o adjacent areas of, for

“example, a wall, and hence the effect is

minimised using a comparative
technique.

The question usually arises whether (o
survey a building externally or internally.
it is important to identify the aim of the
survey @8 there are many conflicting
factors which affect the choice of
inspection procedures. Gross defects, for
example complete voids in insulation,
can sometimes be detected by an
inspection of the outside walls and roof
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Fig Ble) Greytone thermogram of junction
of two exterior walls with roof celling. A
complete Insulation panel from ceiling to
floor weas missing

Fig Bld) (lef) Two sets of thermograms
mounted on standard cards used to
record site detalls

of a building. Generally it is necessary to
inspect the internal surfaces of a
building, especially if lesser defects are to
be located and quantified. There are two
main reasons for this.

i The heat transfer on internal
surfaces is generally three-fold
lower than that for the external
surface due to the greater surface
air movements on an external
surface. Hence, temperature
differentials on the inside surface
are correspondingly three-fold
greater than that of the outside
surface.

ii The environmental conditions of

*the interior surfaces of buildings
are relatively controlled, eg still
air conditions and hence in the
analysis of the results, the
parameters used are constant and
known3.

Local variations in wind due to the
building shape and superstructure, will
affect the outside surface temperature
profile and can give misleading results.
However, the wind will have litile effect
o the inside surface of an insulated wall
or roof due to the relatively large thermal
resistance of the insulation, less than
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‘1. Thermal Conditions
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A minimum temperature differential of 10°C Is required
between outside ambient and the inside ambient air.
This should be maintained for at least twelve hours prior
to the inspection to sttain steady state conditions.
Convective hest sources should be used as radiant
heating will give localised heating effects.

bbby 2. View and Access

(Thermal Wherever wall fumiture, pictures, curtains,
S cupboards, etc, should be moved from those walls to be
0.08 e/ wnmmmwmmwnw

3 !nvltmhlcondmm
. mmmwhwnducuddurlng over-
2.0 cast, dey-time conditions or in the evening to avoid
b ! 'mm»mhaﬂngmdnﬂocuon

10% change in surface temperature
difference with respect to ambient for a
wall with a U value of 1.0 W/m?°C.
The points mentioned above are
normally the overriding considerations,
although there are other factors. One of
the main benefits of surveying external
surfaces is the opportunity to scan large
areas quickly and without disturbance to
occupants. Internal surveys can be
disruptive as cupboards, curtains,
pictures, etc, have to be removed from

walls several - hours prior to the

inspection. If s building can be surveyed '

whenempty.thenofeoumthnproblem
does exist.
In the case of the surwy discussed

posidvely to . ldeutify ‘and ‘measure
localised changes in U values of the wall
structure of 0.2 W/m® °C. This
corresponded to a 30% thinning of the
insulation blanket. The piesence of
complete voids was readily located.

If the technique had been required to
measure the U value of the wall insula-
tion, it would have been necessary to
measure the wall surface temperature
with respect to internal ambient tempera-
ture. The internal surface coukl have
been measured t0 0.5°C with a reference,
but then there would have been an error
in determining the effective room tem-
perature, especially as this varied within
each room. It was considered that in
practice an absolute U value measure-
ment would have had an uncertainty of at
least 0.5W/m*°C. Hence, the technique
would not have been particularly useful
in checking the standard of the material,
although, it would readily have detected a
complete absence of insulation over a
whole wall, even if no intact area had
existed to allow the comparative tech-

nigue.

- Prior to the inspection, certain pncti-
cal conditions, which are outlined in
figure 7, had to be obtained. The main

difficulties were in obtaining full cover-

age of the inside walls and an adequate
temperature differential betweenjntemal
and menul ambiem tempemum
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application of the detection of insulation -

voids.. However, ‘the thermal imaging

camera has been valuable in providing

addmoul lnfonution for a variety of .
and many of the’

-requlumenu memioned previously"‘.

apply equally to this type of work. - .- -"'IAhhough at present inspection costs are

Inspection of internal surfaces of
buildings will readily show a range of

" features that can be related to structural

or environmental problems, such as cold
bridging and condensation.

The technique will identify areas of air
ingress into cavities often due to poor
assembly work and draughts under doors
and window frames. The effectiveness of
thermal insulation at wall or roof junc-
tions, often a suspect area, can be
studied. An advantage of the camera is
that besides quickly locating these areas
of weakness and presenting a detailed
thermal picture, it presents the informa-
tion in a visual form that can readily be
appreciated.

Thermal imaging cameras have been
used in connection with heat balance
problems in large buildings. For
example, the temperature profile of the
side of a multi-storey building has shown
the temperature differences between each
floor level.

Thermograms have very effectively
illustrated the benefits of low emissivity
aluminium foil barriers placed behind
domestic radiators (see figure 8). The
camera was used to quantify the resulting
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reductions in heat flow, which were
approximately 50% immediately behind
the radiators, to confirm the theoretical
analysis. The cameras have also been

.used to identify leaks in underground
district heating lines. The result in ﬁgurc

9shows a warm area above a buried pipe-

+ . line that was duc to a local absence of
_insulation

7. Future trends

Thermography is a technique that can
be widely applied throughout the build-
ing industry. The detection of insulation
voids in buildings is an area where inspec-
tion procedures can be relatively simple.

expensive and an inhibiting factor, a
thermogcaphic survey for insulation de-
fects in a typical three-bedroom semi-
detached house, would only take one to
two hours and cost about £50. The in-
spection would be from the inside of the
building and cover the exterior walls and,
for no extra time, the ceilings. An inspec-
tion of a ceiling would be difficult to
Jjustify on its own merit as the insulation
condition can often be visually inspected
from inside the loft.

Thermography can readily perform a
quality assurance inspection role. How-
ever, one of its major assets is the use of
the detailed thermal profiles to design out
potential problem areas. New building
designs and methods of insulation should
initially be assessed and subsequently
monitored using thermal imaging
cameras. This approach would be parti-
cularly cost-effective when considering
an estate of houses composed of few
basic building designs or hrge pre-
fabricated building complexes:®

Work involving the use of thermal
imaging cameras has understandably de-
veloped further in the Scandinavian
countries where climatic conditions are



more severe. Thermographic inspections
are often obligatory prior to mortgages
being approved for new houses®. Future
requirements to increase energy savings
and a reduction in inspection instrument
costs should generate similar activity in
the UK. This could, for example, involve
thermal imaging cameras in the statutory
inspection of buildings prior 1o a certifi-
cate being granted confirming accept-
ability of thermal insulation standards.
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Fig 9a Path covering underground heating pipe burled lpprox

aluminium foil freely suspended
behind half of a domestic
radiator i

Fig 8la) Radlstor with aluminlum foll
suspended behind heat source

Fig 8b Thermogram of warm area arrowed. This polnt was 7°C

above amblent t

Flg 8lb) Thermal profile of Inslde of wall
above radlator. Original thermogram was
& quantified colour picture, hence discrete
bands. Lip on the foll effectively directs
hot convection currents Into the room.
Meaxlmum temperature with respect to
amblent on wall was 4°C above the foli
and 16°C directly sbove radlator

Fig 8lc) Thermal
profile taken of
outslde surface of
wall directly
behind radlator.
Cool area behind
the foil on right
side of picture was
6°C above
amblent, whareas
adjacent hot area
was 10°C
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