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Foreword

SO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with 1SO, also take part in the work. 1SO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 8990 was prepared by Technical Committee
ISO/TC 163, Thermal insulation, Subcommittee SC 1, Test and measure-
ment methods.

Annex A forms an integral part of this International Standard. Annex B is
for information only.
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Introduction

Data on the thermal transmission properties of insulants and insulated
structures are needed for various purposes including judging compliance
with regulations and specifications, for design guidance, for research into
the performance of materials and constructions and for verification of
simulation models.

Many thermal insulating materials and systems are such that the heat
transfer through them is a complex combination of conduction, convection
and radiation. The methods described in this International Standard
measure the total amount of heat transferred from one side of the speci-
men to the other for a given temperature difference, irrespective of the
individual modes of heat transfer, and the test results can therefore be
applied to situations when that is the property required. However, the
thermal transmission properties often depend on the specimen itself and
on the boundary conditions, specimen dimensions, direction of heat
transfer, temperatures, temperature differences, air velocities, and relative
humidity. In consequence, the test conditions must replicate those of the
intended application, or be evaluated if the result is to be meaningful.

It should also be borne in mind that a property can only be assessed as
useful to characterize a material, product or system if the measurement
of the steady-state thermal transmission properties of the specimen and
the calculation or interpretation of the thermal transmission characteristics
represent the actual performance of the product or system.

Further, a property can only be characteristic of a material, product or
system if the results of a series of measurements on a number of speci-
mens from several samples provide sufficient reproducibility.

The design and operation of the guarded or calibrated hot box is a complex
subject. It is essential that the designer and user of such apparatus has a
thorough background knowledge of heat transfer, and has experience of
precision measurement techniques.

Many different designs of the calibrated and the guarded hot box exist
worldwide conforming to national standards. Continuing research and de-
velopment is in progress to improve apparatus and measurement tech-
nigues. Also the variation of structures to be tested may be so great, and
the requirements for test conditions so different, that it would be a mis-
take to restrict the test method unnecessarily and to confine all measure-
ments to a single arrangement. Thus it is not practical to mandate a
specific design or size of apparatus.
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Thermal insulation — Determination of steady-state
thermal transmission properties — Calibrated and

guarded hot box

Section 1:

1.1 Scope

This International Standard lays down the principles
for the design of the apparatus and minimum re-
quirement that shall be met for determination of the
laboratory steady-state thermal transmission proper-
ties of building components and similar components
for industrial use. It does not, however, specify a
particular design since requirements vary, particularly
in terms of size, and also to a lesser extent in terms
of operating conditions.

This International Standard describes also the appara-
tus, measurement technique and necessary data re-
porting. Special components, for example windows,
need additional procedures which are not included in
this International Standard. Also excluded are meas-
urements of the effect on heat flow of moisture
transfer or redistribution but consideration shall be
given in the design and operation of the equipment
as to the possible effect of moisture transfer on the
accuracy and the relevance of test results. The
properties which can be measured are thermal
transmittance and thermal resistance. Two alternative
methods are included: the calibrated hot box method
and the guarded hot box method. Both are suitable for
vertical specimens such as walls and for horizontal
specimens such as ceilings and floors. The apparatus
can be sufficiently large to study full-scale compo-
nents.

The methods are primarily intended for laboratory
measurements of large, inhomogeneous specimens,
although homogeneous specimens can, of course,

General

also be tested, and these are necessary for calibration
and validation.

When testing homogeneous specimens in accord-
ance with this International Standard, experience has
shown that an accuracy within + 5 % can generally
be achieved. However, the accuracy of each individual
apparatus shall be estimated with reference homo-
geneous specimens of thermal conductance extend-
ing over the range to be measured using the
apparatus.

The estimation of accuracy for nonhomogeneous
specimens will be more complex and involve an
analysis of the heat flow mechanism in the particular
types of inhomogeneous specimens being tested.
Such analyses are not covered by this International
Standard.

The method does not provide for measurements
where there is mass transfer through the specimen
during the test.

1.2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the edition indicated was valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent edition of the standard indicated below. Mem-
bers of IEC and ISO maintain registers of currently
valid International Standards.
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SO 7345:1987, Thermal insulation — Physical quan-
tities and definitions.

1.3 Definitions

For the purposes of this International Standard, the
following definitions apply.

1.3.1 mean radiant temperature, 7,: Appropriate
weighting of the temperatures of surfaces “seen” by
the specimen for the purpose of determining the ra-
diant heat flow rate to the surface of the specimen
{see annex A).

1.3.2 environmental temperature, 7,: Appropriate
weighting of air and radiant temperatures, for the

purpose of determining the heat flow rate to the sur-
face of the specimen (see annex A).

1.4 Symbols, units and relationships
The following recommended symbols are used:

i Interior, usually hot side

e Exterior, usually cold side

s Surface

n Environmental

A Thermal conductivity [W/m-K)]

R Thermal resistance [(m2-K)/W]

U Thermal transmittance [W/(m2.K)]

h Surface coefficient of heat [W/(m2.K)]
transfer

e} Heat flow rate W]

@, Total power input, heating or wij
cooling

@1 Heat flow rate through speci- [W]
men

&, Imbalance, heat flow rate par- [W]
allel to specimen

@3  Heat flow rate through meter- [W]
ing box walls

@, Flanking loss, heat flow rate W]
flanking specimen

®g  Peripheral loss, heat flow rate, [W]
parallel to specimen surface at
the edges of the specimen

© SO
A Area perpendicular to heat [m2]
flow
q Density of heat flow rate [W/m2]
d Specimen thickness [m]
T, Air temperature K]
T, Mean radiant temperature [K]
T, Environmental temperature K]
T, Surface temperature (K]
Ry = A(Tsi Tse) D,
R,=1/h

Rgi = A(Tni - Tsi) [P,

Rse = A(Tse - Tne)/¢1

=1U

U= ¢‘1/A(Tni - Tne)

@, = @, — ®; — P, [for guarded hot box]
?, = P, — 3 — @, [for calibrated hot box]

NOTE 1 This method does not directly measure the
thermal conductivity although it can be derived in case of
opaque, homogeneous, flat specimens using the relation-
ship 1 = d|R,.

1.5 Principle

1.5.1 General

Both types of apparatus, the guarded hot box (GHB)
and the calibrated hot box (CHB), are intended to re-
produce conventional boundary conditions of a speci-
men between two fluids, usually atmospheric air,
each at uniform temperature.

The specimen is placed between a hot and a cold
chamber in which environmental temperatures are
known.

Measurements are made at steady-state of air and
surface temperatures and of the power input to the
hot side chamber. From these measurements the
thermal transfer properties of the specimen are cal-
culated. Heat exchange at the surfaces of the test
specimen involves both convective and radiative
components. The former depends upon air tempera-
ture and air velocity, and the latter depends upon the
temperatures and the total hemispherical emittances
of specimen surfaces and of surfaces “seen” by the
test specimen surface. The effects of the heat trans-
fer by convection and radiation are combined in the
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concept of an “environmental temperature” and a
surface heat transfer coefficient.

Thermal transmittance is defined between two en-
vironmental temperatures, and therefore suitable
temperature measurements are required to enable
these to be determined. This is particularly important
with test specimens of low thermal resistance for
which the surface coefficients of heat transfer form
a significant fraction of the total resistance. In case
of test specimens with a moderate to high thermal
resistance, it may be sufficient to record air tempera-
tures only during a test, if it can be shown that the
difference in air and radiant temperatures on either
side of the test specimen is so small that the accuracy
requirements are met.

A special situation arises when the hot box has a ra-
diant panel, close to the warm side of the specimen,
as heat supply. In this case the radiant component
will be more dominant in the heat transfer-to the
specimen surface. This method with radiant panel can
be used to measure the thermal resistance of the
specimen but is not suitable for direct measurements

ISO 8990:1994(E)

of the thermal transmittance, at conventional surface
coefficients.

1.5.2 Guarded hot box

In the guarded hot box (see figure 1), the metering
box is surrounded by a guard box in which the en-
vironment is controlled to minimize lateral heat flow
in the specimen, ®,, and heat flow through the me-
tering box walls, @;. Ideally, when a homogeneous
specimen is mounted in the apparatus and when both
inside and outside the metering box the temperatures
are uniform and furthermore when cold side tem-
peratures and surface coefficients of heat transfer are
uniform, a temperature balance for air both inside and
outside the metering box would imply a balance on
the specimen surface and vice versa, i.e. @, = 3 =
0. The total heat flow through the specimen will then
be equal to the heat input to the metering box.

In practice, for each equipment and each specimen
under test, there will be a limit in detecting imbalance
{imbalance resolution, see 1.6.1.1).

25
Metering box —] @
2
[~ — Cold b

\\ /_ ° ox

[ //
Specimen

/_—
_—
Guard box
_\\. ¢p /

Figure 1 — Guarded hot box
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1.5.3 Calibrated hot box

The calibrated hot box {see figure 2) is surrounded by
a temperature-controlled space not necessarily at the
same air temperature as that inside the metering box.
The heat losses through the box walls, @,, are kept
low by using a construction of high thermal resist-
ance. The total power input, @, shall be corrected for
the wall losses, @5, and for the flanking losses, @,.
The flanking heat flow path is illustrated in figure3,
which shows details of the specimen and specimen
frame with the adjacent hot and cold side box walls.
The correction for box wall losses and flanking losses
are determined by tests on calibration specimens of
known thermal resistance. For flanking loss cali-
bration, the calibration specimens should cover the
same thickness and thermal resistance range as the
specimens to be measured and the temperature
range of intended use.

1.6 Limitations and sources of errors

The operation of the apparatus, to a certain desired
accuracy, is limited by a number of factors related to
equipment design, calibration and operation and
specimen properties, e.g. thickness, thermal resist-
ance and homogeneity.

1.6.1 Limitations and errors due to
apparatus

1.6.1.1 Limitations in imbalance resolution in a
guarded hot box

In practice, even with homogeneous specimens, local
surface coefficients of heat transfer are not uniform,
especially close to the borders of the metering box.
As a consequence, neither the specimen surface-
temperature nor the air temperature are uniform close
to the periphery of the metering box both inside and
outside. This has two conseguences:

a) It can be impossible to reduce to zero at the same
time both the lateral heat flow, @,, through the
specimen, and the heat flow, ®; through the
metering box walls;

b} The temperature nonuniformity close to the me-
tering box, on the specimen surface, and in the

©1SO

air, respectively, define the corresponding best
imbalance resolution.

The apparatus shall be designed and operated in such
a way as to obtain optimum heat flow balance as in-
dicated in a) above, i.e. apparatus geometry and guard
air space and air flow speed so that @, does not ex-
ceed 10 % of @,

Inhomogeneities in the specimen will enhance non-
uniformities in local surface coefficients and in speci-
men surface-temperatures. Heat flow imbalance
through the metering box wall and in the specimen
shall be evaluated, and when necessary corrected for.
For this purpose the metering box walls shall be
equipped to serve as a heat flowmeter. Additionally,
a thermopile across the metering area periphery can
be mounted on the specimen surfaces. In routine
testing, imbalance detection can be simplified by cali-
bration and calculation.

1.6.1.2 Size of metered area
The metering area is defined:

a) for a guarded hot box, as the centre-nose to
centre-nose when the specimen is thicker or
equal to the nose width, or if the specimen is
thinner than the nose width, as the inner periph-
ery of the nose;

b} for a calibrated hot box, as the inner periphery of
the metering box.

The size of the metered area determines the maxi-
mum thickness of the specimen. The ratios of the
metering area side to the specimen thickness and of
the guard width to the specimen thickness are gov-
erned by principles similar to those for the guarded
hot box.

The size of the specimen can also limit possibilities for
a representative section of the construction to be
tested and thus allow errors and difficulties in inter-
pretation of the result.

Measurement errors in testing to the hot box meth-
ods are in part proportional to the length of the per-
imeter of the metering area. The relative influence of
this diminishes as metering area is increased. In the
guarded hot box, the minimum size of the metered
area is 3 times specimen thickness or Tm x 1m,
whichever is the greater.
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Metering box
B Cold box
/——

/
\

2, 2,

| Specimen

\

Figure 2 — Calibrated hot box

£

Hot side Cold side

5

Specimen —__ |

P

é

———————— Isothermal
Heat flow

Figure 3 — Heat flow path in specimen and frame
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For the calibrated hot box, minimum specimen size is
1,6mx1,5m.

The perimeter error in the guarded hot box is due to
the heat flow rate, @, along the surface of the
specimen, due to imbalance between metering and
guarded area, or by inhomogeneities. The perimeter
errors in the calibrated hot box are due to the flanking
heat flow, ®,, which includes the distortion of the
heat flow rate at the edges of the specimen.

1.6.1.3 Minimum power input

Total power input, @, to the metering box is the sum
of the power supplied to heaters, fans, transducers,
actuators, etc. Some of these cannot be reduced to
zero thus defining a minimum heat flow which has to
pass through the specimen.

This limit can be lowered by cooling the hot chamber,
but that will cause further uncertainty connected with
the measurement accuracy of the cooling rate.

The minimum power is also limited by the uncertainty
of total power input to the metering box including
D,

All the above factors set a lower limit for the ratio
(Tsi - Tse) /RU'

1.6.1.4 Maximum power input

Maximum power input is limited by required tem-
perature uniformity and surface coefficients. Large
heat flowrates imply large air mass flow across the
specimen surface if a high degree of air temperature
uniformity is to be maintained; this will affect the heat
transfer mechanism of the surface. In the case of the
guarded hot box decreasing the specimen resistance,
this imposes stricter requirements on the equivalence
of convective and radiative heat transfer in the me-
tering and guard box to obtain a given accuracy.

1.6.2 Limitations and errors due to specimen

1.6.2.1 Specimen thickness and thermal
resistance

For a given apparatus design, specimen thickness can
be limited for reasons depending upon specimen
properties and boundary conditions, an upper limit for
the thickness is due to edge losses, @, or flanking
losses, ®@,, which, although decreasing with increas-
ing specimen thickness, can become significant in
comparison to @, and degrade measurement accu-
racy.

© SO

1.6.2.2 Specimen inhomogeneity

Most test specimens representative of building and
industrial components will generally be inhomogene-
ous. Inhomogeneities in the test specimen will affect
the pattern of the density of heat flowrate in such a
manner that it is neither one-dimensional nor uniform.
Aliso variations of the thickness throughout the speci-
men can cause significant local modifications of the
pattern of the density of heat flowrate. The effects
of these are nonuniformities in temperatures and local
transfer coefficients making the following more diffi-
cult or even impossible:

a} the definition of a mean surface temperature;

b) the detection of imbalance in the guarded hot box
apparatus;

¢) the definition of the metering area;

d) the error analysis of test results for a given in-
homogeneous specimen.

Specific examples include:

a} facings having a high thermal conductivity. These
form easy paths for imbalance heat flow rate, @,,
and flanking heat losses, @,. |t can help to cut the
facing along the metering box periphery. When
layers are homogeneous, an alternative solution is
to run independent tests on each layer with test
methods using a guarded hot plate or a heat flow
meter;

b) horizontal and vertical structural members like
studs. Their effect is in most cases symmetrical;

c) sections of the specimen made of different ma-
terials. The temperature differences through the
materials are not the same. A heat flow exists
close to the interface of the different materials.
When this interface is not far from the metering
box periphery, this implies a temperature nonuni-
formity that affects both imbalance detection and
the ambiguity in the definition of the metering
area. Also, local heat transfer coefficients are af-
fected by these inhomogeneities;

d) cavities within the specimen. Natural convection
can create an unknown imbalance heat flow rate,
®,. The effect of installing barriers shall be evalu-
ated.

It is not possible to provide immediate solutions to all
types of problems. The operator is advised to be fully
aware of te effects of anomalies.
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Calculations of the importance and effects if inhomo-
geneities are of great help to predict the thermal per-
formance of the test specimen. If significant
differences exist between predicted and measured
specimen performance which cannot be explained, as
a minimum requirement, where such divergences
exist, a careful inspection of the specimen should be
performed to identify any difference between actual
and specified sizes, dimensions, materials, etc. Any
irregularities from the original specification shall be
reported.

1.6.2.3 Moisture content in specimen
Moisture transfer during the test may have a signif-

icant effect on test results. It is not possible to specify
a standard pre-test conditioning. As a minimum re-

ISO 8990:1994(E)

quirement, the method of conditioning shall be re-
ported. For most specimens, it is normally impossible,
without derating measurement accuracy to an un-
acceptable level, to reduce temperature differences
so much that moisture transfer is so slow that
steady-state mass transfer can be assumed during
measurement time. It should also be realized that not
only moisture transfer through the specimen, but also
moisture redistribution in the specimen and phase
change, will affect the results.

1.6.2.4 Temperature correlation

Specimen thermal resistances or thermal transmit-
tances are often a function of temperature differences
across the specimen itself. Care shall then be taken
in reporting and interpreting measurement results.
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Section 2: Apparatus

2.1 Introduction

As stated in 1.1, it is impractical to impose specific
design details for an apparatus. However, this section
gives mandatory requirements and the aspects which
must be considered.

Figures 1 and 2 show typical arrangements of the test
specimen and major elements of the apparatus. Fig-
ures 4 and 5 show alternative arrangements. Other
arrangements, accomplishing the same purpose, may
be used. The effect on the heat transfer through the
specimen of the box walls in figure 1 and of the frame
in figure 2 depends upon the wall or frame shape and
material, upon the specimen thickness and resistance
and such test conditions as temperature differences
and air velocities. The apparatus design and con-
struction should be made compatible with the ex-
pected types of specimen to be tested and expected
testing conditions.

2.2 Design requirements

The size of the apparatus shall be commensurate with
the intended use, taking the following points into
consideration.

Hot box Cold box

/

Specimen /

Figure 4

The metered area shall be big enough to provide a
representative test area. For modular components the
metered area should preferably span exactly an inte-
gral number of modules.

The ratio of metered area to perimeter of the metered
area influences accuracy in both types of boxes be-
cause one-dimensional heat flow cannot be main-
tained at the perimeter of the metered area. These
error heat flows at the perimeter of the metered area,
measured as a fraction of the metered heat flow, will
increase with decreasing metered area.

Imbalance heat flow, @,, in the guarded hot box is due
to nonuniformities both in surface coefficients and air
temperatures close to the periphery of the metered
area.

An amount of heat enters the specimen through the
nose of the metering box in the guarded hot box.
Deviation from one-dimensional heat flow is caused
by the finite thickness of the nose seal.

Both edge insulation and edge boundary conditions
affect peripheral losses, @s, for the guarded hot box
and flanking losses, @,, for the calibrated hot box.

All these problems are made more complex by non-
homogeneities in the specimen close to the perimeter
of the metered area.

|

[

L

Figure 5

Specimen
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In general, the size of the metering box determines
the minimum size of other elements of the apparatus.
The depth of the metering box should not be greater
than that strictly necessary to maintain desired
boundary conditions (desired boundary layer thick-
ness, etc.) and to accommodate its equipment.

The emittance of surfaces which have radiative ex-
change with the specimen surfaces can be either high
or low. High emissivity (0,8 or greater) will in most
cases be typical of actual use of building and industrial
components.

The low emissivity environment requires a greater
convective component, such as higher velocities, to
achieve conventional surface coefficients. This pro-
duces a substantial change in the distribution of the
surface coefficient which can give better temperature
uniformity, but this situation can produce an artificial
thermal behaviour substantially different from actual
use. In particular, it is unsuitable for specimens with
permeable surfaces.

2.3 Metering box

2.3.1 Box wall construction

The insulation of the box wall shall be chosen con-
sidering the intended range of specimen resistance
and temperature difference so that an error in the
evaluation of the metering box losses does not affect
the determination of the specimen heat flow by more
than 0,5 %. Box walls shall be thermally uniform to
aid in achieving uniform temperatures inside the box
and to aid in determining the heat flow through the
walls using a thermopile or other type of heat flow
sensor.

In addition, it shall be recalled that hot spots, such as
heaters, fans, etc., can affect the uniformity of the
temperatures inside the box, owing to their local
radiative exchanges with the box walls.

The box walls can be made from panels of a suitable
insulating material, e.g. a sandwich with a core of
cellular plastic and a suitable facing.

The box walls, perimeter seal and specimen shall
form an air- and water-vapour-tight enclosure to avoid
errors due to air and moisture transfer.

In the guarded hot box configuration, the metering
box is held against the specimen to provide an airtight
joint. The width of the gasket on the nose of the box
shall not exceed 2 % of the metering width or
20 mm.

ISO 8990:1994(E)

2.3.2 Heat supply and air circulation

Heat supply and air circulation shall be such that vari-
ations in air temperature across the air flow parallel to
the specimen surface shall not exceed 2 % of the
air-to-air temperature difference from hot to cold side.
Any air temperature gradients along the air flow shall
not exceed 2 K/m, measured outside the boundary
layer on a homogeneous test specimen.

Electric resistance heaters are normally the most
suitable; they shall be shielded by insulated reflective
shields to minimize radiation to metering box walls
and the specimen.

It is recommended that a baffle be positioned in the
metering box, parallel to the surface of the specimen
when forced convection is used. The baffle should
extend to the full width of the metering box and have
gaps at each end to allow air circulation. The baffle
may be moveable, perpendicular to its surface, to aid
in adjusting the air velocity parallel to its surface.
When natural convection is used, a baffle may be
necessary to shield specimen surfaces from radiative
heat transfer of heaters.

The considerations in 2.2 regarding emissivity of sur-
faces also apply to the baffle.

When testing in a vertical position, the circulation re-
sulting from natural convection can be sufficient to
ensure temperature uniformity and the desired sur-
face coefficients. When air movement is due to natu-
ral convection, the distance between specimen and
baffle should be larger than the boundary layer thick-
ness, or no baffle should be used. When it is im-
possible to achieve the desired conditions with natural
convection, circulating fans should be installed. If the
fan motors are installed inside the metering box, then
their power consumption shall be measured and
added to the consumption of the heaters. If only the
fans are inside the metering box, the shaft power
shall be determined and added to the heater power:
this shall be done with an accuracy such that the error
on specimen heat flow is less than 0,5 %.

2.4 Guard box

In the guarded hot box the metering box is placed in-
side a guard box. The purpose of this guard box is to
establish such air temperature and surface coeffi-
cients around the metering box that heat flow through
the metering box walls, @,, and imbalance heat flow,
®@,, in the surface of the specimen from metered to
guard area is minimized.

The relationship between the metering area size and
the guard area size and edge insulation shall be such
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that when testing a homogeneous specimen of
maximum expected resistance and thickness, the
predicted error on specimen heat flow caused by
peripheral heat loss, @5, shall be smaller than 0,5 %
of the metered heat flow, @;. A procedure to quantify
this error can be found in ISO 8302.

The requirements concerning emissivity, shielding of
heaters, and temperature stability are in principle the
same for the guard box as for the metering box.
Temperature uniformity shall be such that the influ-
ence on imbalance error will be smaller than 0,5 %
of the heat flow through the metered area of the
specimen.

Circulating fan(s} will normally be needed to avoid
stagnant air in the guard box.

2.5 Specimen frame

In the calibrated hot box, the specimen frame is a
critical component due to the flanking losses which
for the sake of accuracy should be kept at a minimum.
There is a compromise between load-carrying capac-
ity, e.g. support of the specimen, and high thermal
resistance. The facing towards the specimen should
have low thermal transmission.

In the typical configuration of the guarded hot box the
specimen frame is omitted and lateral heat flow is
minimized by edge insulation. If, however, a speci-
men frame is used it shall minimize lateral heat flow,
as required in 2.4,

2.6 Cold side chamber

The size of cold side chamber is governed by the size
of the metering box in the case of the calibrated hot
box, or the guard box in the case of the guarded hot
box; arrangements may be as illustrated in figures 1,
2,4 and 5.

The chamber walls should be constructed to reduce
the load of the refrigeration equipment and prevent
moisture condensation. The inside surfaces of the
chamber shall have an emittance in accordance with
the desired radiative heat exchange. The require-
ments .concerning emittance, shielding of heaters,
temperature stability and temperature uniformity are
in principle the same as for the metering box.

For fine tuning of the cold side temperature, electric
resistance heaters in the outlet from the evaporator
are often useful. As mentioned under the metering
box, a baffle may also be advantageous to achieve
uniform air distribution. Air flow direction correspond-
ing to natural convection is suggested. Motors, fans,
evaporators and heaters shall be radiation-shielded.
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Air velocities should be adjustable to meet the re-
quired surface coefficients of the test and should be
measured. In simulating natural conditions for building
components, the range can be from 0,1 m/s to
10 m/s.

2.7 Temperature measurements

If possible, the sensors for the measurement of air
temperature and specimen surface temperature
should be evenly spaced over the specimen area and
located opposite each other on the hot and cold side.

Surface temperatures of the equipment “seen” by
the specimen shall be investigated to calculate the
mean radiant temperature.

The number of sensors for air temperature and sur-
face temperature measurement shall be at least two
per square metre and not less than nine, unless other
information on the temperature distribution is avail-
able.

Air and surface temperature differences over the
specimen and surface temperature differences over
the metering box walls can be determined by differ-
ential measurement in order to improve accuracy.

2.7.1 Specimen surface temperature
measurement

These measurements shall be made with sensors
chosen and applied to the surface in such a way that
the sensors do not change the temperature at the
measuring point.

This requirement can be met by thermocouples of
wire diameter less than 0,25 mm, with junctions and
at least 100 mm of adjoining wire in thermal contact
with the surface, along the most isothermal path, us-
ing cement or tape of emissivity close to that of the
surface.

Surface coefficients should be as close as possible to
end use conditions. Information on surface coeffi-
cients may be obtained from a test on homogeneous
specimens tested in similar conditions. Particular care
shall be taken in all cases, in interpreting results.

In the case of nonhomogeneous specimens, the indi-
cated number of sensors will not ensure reliable mean
surface temperatures. For moderately inhomogene-
ous specimens, supplementary sensors shall be ap-
plied to each region of varying temperature. The mean
surface temperature of each region shall then be
weighted proportionally to the area of that region to
obtain the mean surface temperature of the speci-
men.
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For very inhomogeneous specimens, this is not
possible. In this case, specimen thermal resistance,
R, cannot be measured, as only the thermal
transmittance, U, based on the environmental tem-
perature difference across the specimen, can be de-
fined.

As a guideline to compare nonhomogeneous and very
inhomogeneous specimens, the following is pro-
posed. Local differences in surface temperature
caused by inhomogeneities exceeding 20 % of the
mean surface-to-surface temperature difference
should be taken as evidence of such inhomogeneity.

2.7.2 Air temperature measurement

Air temperatures shall be measured with a system
having a suitable time constant. Air temperature sen-
sors shall be radiation-shielded, unless it is shown that
the difference between shielded and unshielded ones
is so small that the accuracy requirements are met.

In natural convection, temperature sensors shall be
placed outside the boundary layer, its thickness being
a few centimetres in most cases. In turbulent flow,
the boundary layer thickness can exceed 0,1 m.

In forced convection, turbulent fully developed flow
shall exist between the specimen and the baffle, and
sensors shall be placed so as to detect bulk air tem-
peratures (temperature of adiabatic mixing).

2.7.3 Thermopiles

Thermopiles used for monitoring heat flow through
the metering box walls shall have junctions mounted
in the same way as described for surface temperature
sensors and with at least one pair of junctions per
0,25 m? surface. This assumes that the density of
heat flow rate is uniform over the box walls. The
presence of heaters, fans, etc. can affect this uni-
formity owing to their local radiative exchanges with
the box walls and a higher number of junctions can
be necessary to obtain the required accuracy.

Similar requirements apply to the thermopile used in
the guarded hot box for monitoring imbalance heat
flow, @,, in the surface of the specimen between
metering and guard area, except that at least one pair
of junctions per 0,5 m of perimeter of metered area
is required.

The best position for the balancing sensors is a critical
problem. They cannot be too close to the nose, as
surface temperatures are not uniform along the per-
iphery of the metered area as a consequence of the
presence of the nose of the metering box. Nor can
they be too distant from the nose, as in the guard area

ISO 8990:1994(E)

of the specimen surface temperatures are not uniform
due to the flanking losses. Additional problems are
created by local nonuniformities of surface coeffi-
cients of heat transfer. It shall also be recognized that
inhomogeneities could have a severe effect on the
reliability of the reading from this thermopile.

2.7.4 Surface temperature of equipment

The inside surface temperatures of the equipment
shall be measured in the same way as described for
specimen surface temperature.

2.7.5 Temperature control

At steady state, the controllers shall keep any random
temperature fluctuations and long-term drifts within
1 % of the air-to-air temperature difference over the
specimen for at least two consecutive test periods.
This requirement applies primarily to metering cham-
ber temperature, and in principle to guard and cold
chamber temperatures. In addition, the control sys-
tem for the guard box temperatures shall not intro-
duce additional errors on imbalance heat flow rate
greater than 0,5 % of @,.

2.8 Instrumentation

Temperature differences shall be measured with an
accuracy of + 1 % of air-to-air temperature difference
from hot to cold side. It is recommended that the
measuring instrument does not add uncertainties
greater than 0,05 K. Absolute temperature measure-
ment shall be made with an accuracy of + 5 % of the
air-to-air temperature difference.

The output from balancing thermopiles, power input
to heaters, fans, etc. shall be measured with such
accuracy that added error in the measurement of the
specimen heat flow, @,, due to instrumentation ac-
curacy will be smaller than 1,5 % (see also the re-
quirements for the measurement of fan power at the
end of 2.3.2).

2.9 Performance evaluation and
calibration

2.9.1 Initial performance check
After completion of the construction, an initial check

of performance shall be made, to ensure that design
requirements are fulfilled. This is done on known

1
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homogeneous specimens covering the anticipated
range of thermal resistance.

This initial check should cover the temperature uni-
formity and stability, air velocity and surface coeffi-
cients for both hot and cold side, the effect on
accuracy of imbalance and, where appropriate, edge
environment.

2.9.2 Complementary measurements

A local heat flow through part of the specimen or
equipment can be determined by measurement with
a heat flowmeter. The thermal conductivity of materi-
als being part of the equipment can be measured by
guarded hot plate or similar methods.

Infrared scanning systems can be used to locate
thermal bridges and air leakages as well as to find
suitable locations for surface temperature measuring
points. After construction of the air circulation system,
a velocity scan across the air curtain (the air-flow
boundary layer) should be performed to verify that a
uniform air curtain is formed.

2.9.3 Calibration

2.9.3.1 Verification specimen

The performance of the equipment shall be verified
using homogeneous specimens of known thermal re-
sistance covering the intended thermal resistance
range of use. Such specimens can be made from
panels of high-density mineral fibre or aged cellular
plastics, which have been measured in the guarded
hot plate apparatus. The joints between the panels
shall not form thermal bridges. The specimen shall be
faced on both sides with a facing impervious to air
and moisture transfer.

12
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2.9.3.2 Metering box wall calibration

The metering box walls shall be calibrated. This ap-
plies to both the guarded and calibrated hot box. The
purpose of this calibration is to correct the input to the
metering box, @, for the metering box wall heat flow,
®,. For the guarded hot box, this calibration will be
influenced by @,, and for the calibrated hot box by
D,

By making steady-state tests on a known homogene-
ous specimen, with different temperature differences
over the metering box walls, a graph or an equation
can be prepared for @5 as a function of metering box
wall thermopile output. For temperature differences
of a few degrees, which should be the extremes of
normal testing, this relationship can be assumed to
be linear. For a detailed procedure, see references
[12] and [13].

2.9.3.3 Flanking loss calibration

The flanking loss, @,, is, for a given piece of equip-
ment, mainly a function of specimen thickness,
specimen thermal resistance and construction of the
frame. To obtain the flanking loss calibration coeffi-
cient, tests are run at steady state on known homo-
geneous specimens. As the flanking loss/specimen
thickness relationship is nonlinear, the thickness
range of calibration specimens shall cover the in-
tended range of thickness in testing. If the specimen
resistance per unit thickness varies greatly, the cali-
bration procedure shall be repeated to cover the range
of R/d of intended use.

Alternatively, suitable calculation procedures, e.g. fi-
nite elements or finite differences may be used to
estimate the flanking losses; however, this procedure
shall be verified by way of a few calibration exper-
iments.

As the flanking loss also depends upon the tempera-
ture difference between hot and cold side and be-
tween equipment and the room in which the
equipment is placed, calibration tests should be car-
ried out covering the range of temperature conditions
in which the apparatus will be used.
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Section 3: Test procedure

3.1 Introduction

It is necessary that the operator be familiar with the
preceding two sections. Since the purpose of the test
can vary widely, the procedure is intentionally broad.

For a particular specimen, it should be decided
whether the method is applicable or whether other
methods are more relevant, e.g. guarded hot plate
heat flow meter, or calculations. From the inspection
and analysis of the specimen, a range for possible
values of its thermal properties should be tentatively
estimated. The obtainable accuracy should also be
evaluated and should be related to the purpose of the
test.

3.2 Conditioning of specimen

In the case of specimens in which heat flow is af-
fected by the presence of moisture, conditioning shall
be reported. When meaningful, the mass of the
specimen before and after the test shall be reported,
or core samples shall be taken before and after the
test.

3.3 Specimen selection and mounting

The test specimen shall be selected or constructed in
such a way that it is representative. In the case of in-
homogeneous specimens, the following shall be con-
sidered. For the guarded hot box, a decision shall be
taken on the most accurate way of detecting imbal-
ance (air-to-air or air-to-surface). When surface tem-
peratures are very uniform close to the periphery of
the metering area, the specimen surface imbalance
detection and the evaluation of heat flow through the
box, @3, can be the most accurate solution. However,
when nonhomogeneities are present close to the
periphery of the metering area, air-to-air balance sol-
ution can be the only possible solution and imbalance
heat flow, @,, is then an unknown source of error. In
the guarded hot box, when possible, thermal bridges
should be placed symmetrically over the borderline
between metering and guard area, so that half of the
area of the thermal bridge is in the metering box and
the other half is in the guard box.

if the specimen is modular, the metering box dimen-
sions should be a suitable muitiple of the module. The
perimeter of the metering box should either coincide
with the module lines or fall in the middle between
the module lines.

If it is impossible to fulfil these requirements, several
tests may have to be made with different positions
of the metering area: the results shall be considered
very carefully, and, if applicable, supplemented with
temperature and heat flow measurements and com-
putations.

In the calibrated hot box, the effect of thermal bridges
at the specimen edges upon the flanking transmission
should be considered. It may be necessary, as men-
tioned above, to make supplementary tests with dif-
ferent positions of the metering box, which in the
case of the calibrated hot box means different speci-
mens representing different sections of the con-
structions.

The specimen shall be mounted or sealed in such a
way that neither air nor moisture will gain ingress into
the specimen from the edges or pass from the hot
side to the cold side or vice versa.

The edges of the specimen shall be insulated, so that
P is reduced to a level where the accuracy require-
ments are met.

It shall be considered whether it is necessary to seal
either face of the specimen to avoid air infiltration into
the specimen and whether it is necessary to control
the dew point of the air on the hot side.

For guarded hot box tests, it should be considered
whether continuous cavities in the specimen require
barriers, and whether high conductivity facings should
be cut at the perimeter of the metering box.

If the specimen surface is uneven, it may be necess-
ary to smooth with plaster, caulking or other suitable
material, at the area of contact with the perimeter seal
of the metering box, to ensure an airtight seal be-
tween metering and guard box.

If the test specimen is smaller than the size provided
for the specimen by the metering box, the specimen
is mounted in a mast, e.g. a wall in which the speci-
men is fitted.

The heat flow in the border region between mask and
specimen will not be unidirectional; this problem can
be minimized by choosing mask and specimen of the
same thermal resistance and thickness. In some in-
stances this is not possible, for example in window
testing. In this case, when the resistance of the mask
is different from that of the wall where the window
will be mounted, and the flow lines in the frame of the
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window are different from those in end use, the ac-
curacy will be hard to predict. These problems call for
test conventions for the specimen mounting to aliow
comparison and interpretation of results. These are
outside of the scope of this International Standard.

3.4 Test conditions

Test conditions shall be chosen considering end-use
application, taking into account the effect of testing
conditions on accuracy. Both mean test temperature
and temperature differences affect test results. Mean
temperatures of 10 °C to 20 °C and a difference of at
least 20 °C are common in building applications. Air
velocity on the hot and cold sides shall be adjusted
according to the purpose of the test. Temperature
controllers shall be adjusted in such a manner that
either @, or &4, or both, are small or zero. See text
on imbalance in 1SO 8302.

3.5 Measurement periods

The required time to reach stability for steady-state
tests depends upon such factors as thermal resist-
ance and thermal capacity of the specimen, surface
coefficients, presence of mass transfer and/or
moisture redistribution within the specimen, type and
performance of automatic controllers of the appara-
tus. Due to variation of these factors, it is impossible
to give a single criterion for steady state.

An example of a requirement for steady state is the
following: The measurements of R and U, @, and T
from two :successive measuring periods of at least
3 h after near-stability has been reached shall agree
within 1% and results shall not change
unidirectionally. For specimens with a high thermal
resistance or high mass or both this minimum re-
quirement can be insufficient, and the test period shall
be extended.

3.6 Calculations

For steady state, the mean thermal transmission
properties defined in 1.4 are calculated in accordance
with 2.7 and 2.8.

3.6.1 Homogeneous specimens

In the case of specimens which are homogeneous or
less than 20 % inhomogeneous as described in
2.7.1, it is possible to calculate the thermal resistance,
R, based upon surface temperatures, the thermal
transmittance, U, and the surface coefficient of heat
transfer, h, based upon environmental temperatures.
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Normally, the conventional values from the building
codes are used to obtain the conventional total area
thermal resistance from measured R.

3.6.2 Inhomogeneous specimens

When testing specimens outside the above-
mentioned limit for homogeneity or specimens with
a special geometry, only the thermal transmittance,
U, is calculated. Environmental temperatures #,; and
the Shall be used.

3.6.3 Evaluation of results

Test results shall be compared with the tentative es-
timate stated in 3.1. In the case of significant diver-
gences, the specimen shall be carefully inspected to
locate any discrepancy from its specifications, and
then the tentative estimate shall be repeated with the
findings of the inspection. If inexplicable differences
still exist between tentative estimates and measured
data, the alternative possibilities of oversimplified
computation procedures and of test errors shall be
investigated.

3.7 Test report
The test report shall include the following information:

a} reference to this International Standard and a
statement of compliance which lists any devi-
ations from this International Standard;

b) identification of the test laboratory with address,
the date of test, and the sponsor of the test, if
appropriate;

c) information on the test equipment, dimensions
and emittance of interior surfaces;

d) identification and description of the test specimen
with location of sensors;

e) conditioning procedure for specimen, mass before
and after test, moisture content and procedure to
determine it;

f} specimen orientation and direction of heat trans-
fer;

g) mean air velocity and direction on hot and cold
side;

h) total power input and net heat transfer through
specimen.
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The test report for the determination of thermal re-
sistance, R, in accordance with 3.6.1 shall further in-
clude the information in items i) to p).

NOTE 2  The values to be reported under items i) to m)
are the mean values of all readings or measurement periods
after the initial transient periods.

i} air temperatures on the hot and cold side;
) surface temperatures on the hot and cold side;

k) weighted surface temperatures for the hot and
cold side;

[) the calculated thermal resistance and the con-
ventional surface coefficients of heat transfer as
derived from building codes to calculate the ther-
mal transmittance;

m) the estimated accuracy;
n) test duration;

0) complementary measurements, e.g. the moisture
content of materials being part of the specimen;

p) other information relevant to the test, e.g. any
significant or unexplained divergence between
test results and tentative estimates in accordance
with 3.1, results of the consequent inspection of
the specimen and possible interpretation of diver-
gences.

ISO 8990:1994(E)

The test report for the determination of thermal
transmittance, U, in accordance with 3.6.2 shall in
addition to items a) to h) include the information in
items g} to w).

NOTE 3 The values to be reported under items q) to t)
are the mean values of all readings or measurement periods
after the initial transient periods.

a) the air temperatures on the hot and the cold side;

) the calculated environmental temperature for the
hot and cold side;

s) the calculated thermal transmittance and the sur-
face coefficients of heat transfer from a
homogeneous specimen;

t) the estimated accuracy;
u) test duration;

v} complementary measurements, e.g. the thermal
conductivity and the moisture content of the ma-
terials that are part of the specimen;

w) other information relevant to the test, e.g. any
significant or unexplained divergence between
test results and tentative estimates in accordance
with 3.1, results of the consequent inspection of
the specimen and possible interpretation of diver-
gences.
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Annex A
(normative)

Heat transfer at surfaces and environmental temperatures

Heat is transferred to and from the specimen both by radiation interchange with other surfaces in the box and by
convective heat transfer at the specimen surface. The rate of heat transfer is dependent, for the first mechanism,
on the mean radiant temperature seen by the test panel, and for the second mechanism on the adjacent air tem-
perature. The heat flow through the specimen is thus influenced by both the radiant and the air temperatures on
either side of it.

A.1 Environmental temperature
The heat balance equation at either surface of the specimen may be written

L _En(T, -T,) + h (T, ~T,) LA

®/A is the heat flow per unit area into the surface, in watts per square metre;

T, is the mean radiant temperature seen by the specimen, in kelvins or degrees Celsius;
T, is the temperature adjacent to specimen, in kelvins or degrees Celsius;

T, is the surface temperature of specimen, in kelvins or degrees Celsius;

E is the emissivity factor,;

hy is the radiation coefficient, in watts per square metre kelvin;

he is the convection coefficient, in watts per square metre kelvin.

It is convenient to combine radiant and air temperatures into a single index, the environmental temperature T,,
which represents the proper weighting of air and radiant temperatures for the purpose of determining the heat
flow to the surface.

Writing
o _ 1 _
AR (T, —T,) (A2

where R, is the surface thermal resistance, this is equivalent to equation (A.1) with

" Eh+h, " Eh+h ? (A3
and
Ry=——— (A.%)
S~ Eh + h, AR

In general, the difference between environmental temperature in the two boxes should be used for the determi-
nation of thermal transmittance, and equation {A.2) used to determine the surface thermal resistances.

In practice, however, it will often be found that T", and T, are very similar to each other in both hot and cold boxes,
particutarly when the specimen has high resistance, much larger than the surface resistances, or when forced
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convection is used such that k. is much greater than Eh. In these cirumstances, it will be sufficient to determine
the thermal transmittance from the air temperatures on either side of the specimen where, for the apparatus in
question and for the test conditions to be employed, it has been established that negligible errors will result.

For the determination of the thermal resistance of the specimen, only the mean surface temperatures are required.

A.2 Calculation of environmental temperatures

Environmental temperature can be calculated from equation (A.3) if the coefficients Eh, and h, are known, and the
temperature T', and T, are measured.

If there is a baffle close to and paralle! to the specimen surface, its mean temperature may be taken as T, and

LI I
E-& %
where ¢; and ¢, are the emissivities of the baffle and specimen surfaces respectively.

With the baffle painted matt black (¢; = 0,97), most building materials will give E = 0,9, but the value should be
considered for each specimen. The radiation coefficient h = 407,“:'1, where o is Stefan's constant
[5.67 x 10”8 W/(mz-K4)], and T,, is the appropriate mean radiant absolute temperature, given by

(2 +12) (T, + T,)

m 4
or
T +T.
Tm:%

If surfaces other than the baffle radiate directly to the specimen, it is necessary to measure the temperatures of
all such surfaces and combine them using appropriate view factors to obtain T",.

The convection coefficient h, depends on various factors such as air-surface temperature difference, surface
roughness, air velocity, direction of heat flow and is less easily predicted.

Typically h, = 3,0 W/(mz-K) for natural convection at a vertical surface but it can be much higher if there is forced
convection.

Where the value of h; is uncertain, it may be eliminated from (A.1) and (A.2), leading to

14 :
T, A + Ehr(Ta -T r)Ts

... (AbB)

&+ ER(T,~ T")

This expression is valid for heat flow into or out of a surface provided that the sign of @ is taken as positive if the
heat flow is into the surface (that is, positive on the hot side, negative on the cold side).

The use of expression (A.4) requires a knowledge of the specimen mean surface temperature T,. For nonuniform
specimens this may not be available, in which case equation (A.3) can be used with h, estimated from data ob-
tained during tests on another uniform specimen.

EXAMPLE

In a thermal transmittance test, the following readings were obtained:
Power supplied to metering box: @ = 31,8 W

Metering area: 4 = 1,5 m?
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Thus the heat flux per unit area through the specimen is
/A = 21,2 W/m?
Temperatures on hot side:
Mean air temperature: T,, = 30,98 °C
Mean baffle temperature: T',; = 29,78 °C
Mean surface temperature: T,y = 27,60 °C
Thus

and h = 4 x 5,67 x 107 % x 301,7° = 6,23 W/(m’K)
Taking E = 0,9 then Eh, = 5,61 W/(m”K)

The value of h; is not known, use equation {A.5):

30,98 x 21,20 + 5,61 x (30,98 — 29,78) x 27,60

T = 21,20 + 5,61 x (30,98 — 29,78)
=30,17 °C
Temperatures on cold side:
Mean air temperature: T, = 7,39 °C
Mean baffle temperature: T',, = 7,69 °C
Mean surface temperature: T, = 8,75 °C
Thus
T, = 281,3 K, so that with E = 0,9 then Eh, = 4,54

From equation (A.5)
_ 7.39x (—21,20) + 4,54 x (7,39 - 7,69) x 8,75

T,
n2 (—21,20) + 4,64 x (7,39 — 7,69)
=7,47 °C
Therefore
1)) 2
U=——+5—— =093 W/(m>K
A(Tm - Tn2) ( )

and the surface thermal resistances are, for the hot side

A(Tm - Tsz)

Rs = D

=1,01 (mZ-K)/W

and for the cold side

A(Tnz - TSZ)

RSZ = )

=0,06 (mz-K) JW
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