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Foreword

ISO (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 ISO 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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The thermal transmittance of a building element (U-value) is defined in ISO 7345 as the “Heat flow rate
in the steady state divided by area and by the temperature difference between the surroundings on each

side

of a system”.

In principle, the U-value can be obtained by measuring the heat flow rate through an element with a heat
flow meter or a calorimeter, together with the temperatures on both sides of the element under steady-
state conditions.
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surement is not possible. But there are several ways of overcoming this difficulty:

n the laboratory (ISO 8990) but is cumbersome in the field;

Assuming that the mean values of the heat flow rate and temperatures overasufficiently]
pf time give a good estimate of the steady-state. This method is valid if:

1) the thermal properties of the materials and the heat transfercgefficients are const
range of temperature fluctuations occurring during the test;

P) the change of amount of heat stored in the element is negligible when compared to
of heat going through the element. This method is widely used but may lead to lon
measurement and may give erroneous results in cértain cases.

[Using a dynamic theory to take into account the flu¢tuations of the heat flow rate and te
n the analysis of the recorded data.

B The temperatures of the surroundings, used in the definition of the U-value, are not prec
D 7345. Their exact definition depends on the,subsequent use of the U-value and may be differen
tries (see Annex A).

mposing steady-state conditions by the use of a hot and a cold box. This method is commonly used
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Thermal insulation — Building elements — In-situ
measurement of thermal resistance and thermal
transmittance —

Part 1:
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Scope

part of ISO 9869 describes the heat flow meter method for the measturement of
smission properties of plane building components, primarily consisting of op4
endicular to the heat flow and having no significant lateral heat flow.

properties which can be measured are:
the thermal resistance, R, and thermal conductance, A, fromSurface to surface;

the total thermal resistance, Rt, and transmittance from environment to environme
bnvironmental temperatures of both environments are well defined.

bse proximity to the heat flow meter (HFM).is much smaller than its lateral dimensions
mal bridges which can be detected by infrared thermography (see 6.1.1).

part of ISO 9869 describes the apparatus to be used, the calibration procedure for the

bmatic errors and the reporting format.

£ 1 Itis notintended as a’high precision method replacing the laboratory instruments such
hre specified in ISO 8990:1994.

£ 2 For other compepients, an average thermal transmittance may be obtained using a caloy
hging the results af.several heat flow meter measurements.

£ 3 In building with large heat capacities, the average thermal transmittance of a comp
ned by measurement over an extended period, or the apparent transmittance of the part can
Hynamicanalysis of its thermal absorption response (see Annex B).
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nt, U, if the

heat flow meter measurement method is al$o" suitable for components consisting of quasi

omogeneity
and are not

apparatus,
brrection of
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imeter or by

nent can be
be estimated

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 6781:1983, Thermal insulation — Qualitative detection of thermal irregularities in building envelopes —
Infrared method

ISO 6946:2007, Building components and building elements — Thermal resistance and thermal
transmittance — Calculation method

ISO 7345:1987, Thermal insulation — Physical quantities and definitions
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ISO 8301:1991, Thermal insulation — Determination of steady-state thermal resistance and related
properties — Heat flow meter apparatus

ISO 8302:1991, Thermal insulation — Determination of steady-state thermal resistance and related
properties — Guarded hot plate apparatus

ISO 8990:1994, Thermal insulation — Determination of steady-state thermal transmission properties —
Calibrated and guarded hot box

3 Terms, definitions, symbols and units

3.1 Ternys and definitions

For the purpose of this document, the terms and definitions given in ISO 7345:1987 apply:

3.2 Symbols and units

Symbol Quantity Unit
R thermal resistance m2-K/W
Rt total thermal resistance m2-K/W
Rsi internal surface thermal resistance m2-K/W
Rse external surface thermal resistance m2-K/W
A thermal conductangce W/(m2-K)
U thermal tranSmittance W/(m2-K)
10 heat flow rate w
A area m?2
q density of heat flow rate =@/4 W/m?2
T; interior environmental (ambient) temperature °CorK

2 © ISO 2014 - All rights reserved
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Symbol Quantity Unit

Te exterior environmental (ambient) temperature °CorK

T interior surface temperature of the building ele- °Cor K
ment

Tse exterior surface temperature °CorK

p density of a material kg/m3

d thickness of a layer m

c specific heat capacity ]/(kg-K)

C thermal capacity of a layer: C=pcd J/(m2-K))
correction factors calculated with/Formula (8) to 2.

Fi, Fe take into account the storage effects L/ (m?-K)]
operational error (of an ihstalled HFM) which is

E the relative error betweeéen the measured and the |-
actual heat flow

NOTJE The environmental (ambient) temperatures shall correspond with those used in the definition adopted
for the U-value (see Annex A).

In tHe steady-state, thedhermal properties of the elements have the following definitions:
R is the thermal resistance of an element, surface to surface and is given by

Li—TC1

R= ; 1 (0

whereZ is the thermal conductance of the building element, surface to surface.

U is the thermal transmittance of the element, environment to environment and is given by

__q _1
U_(Ti—Te)_RT @)

where Rr is the total thermal resistance which is given by

R, =R,+R+R, (3)

where Rsj and Rse are the internal and external surface thermal resistances, respectively.

R and Rt have units of square metres kelvin per watt (m2-K/W); U and /4 have units of watts per square
metre kelvin [W/(m2-K)].

© ISO 2014 - All rights reserved 3
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4 Apparatus

4.1 Heat

flow meter (HFM)

The HFM is a transducer giving an electrical signal which is a direct function of the heat flow transmitted

through it.

Most HFMs are thin, thermally resistive plates with temperature sensors arranged in such a way that the
electrical signal given by the sensors is directly related to the heat flow through the plate (see Figure 1).
The essential properties of an HFM are that it should have a low thermal resistance in order to minimize
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NOTE M

4.2 Temperature sensors
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shielded ag
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eat flow rates measured. Recent HFMs are very thin, with low thermal resistance, andih
the thermal resistance of the HFM is low enough, the effects of perturbation of the sui
ly positioning the HFM is negligible. The heat flow rate is influenced by building elem

hall be selected in consideration of these influences (see Annex E).

ore detailed information on the structure and calibration of HFMs can be found in ISO 8301:19

e sensors are transducers giving an electrical signal whiehdis a monotonic function ¢
e.

of the heat flow going through the sensor and on otherphysical quantities, such as stre
hetic radiation on the signal have to be taken into account (see Clause 5).

face temperature sensors (for R- or A-value measurements) are thin thermocouples ang
hermometers. It is possible, for the conductance measurements, for one or several sen
orated within one side of the HFM, the side which will be in contact with the surface o
g measured.

tal (ambient) temperature sensors (for U-value measurements) shall be chosen accor
erature to be measured. For example, if the U-value is defined by the ratio of density of
the air temperature difference, air temperature sensors are to be used. These sensor
hinst solar and thermal rfadiation and are ventilated. Other sensors may measure thg
r temperature, the comfort temperature etc. (see Annex A).
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Dimensions in millimetres

I |
35 0.5
,\b‘
1 2 3 40
6
7

Key

1 pase material 5 upper surface
2  metal A 6  cross-section
3  metal B 7  under surface
4  foating

%,g\%l — A typical heat flow meter showing the various parts
(the vertical scale is enlarged)

5 [ali @on procedure
As

5.1 _@llhratmn of the HFM

The HFM calibration factors (e.g. the density of heat flow rate for a signal equal to one unit) may change
with the temperature, the thermal conductivity of the material on which the HFMis installed, and the heat
flow itself. Therefore, the calibration factor of a new type of heat flow meter shall be evaluated on various
materials through an absolute test method such as the guarded hot plate apparatus (ISO 8302:1991) or a
heat flow meter apparatus (ISO 8301) on various materials, at various temperatures, and heat flow rates.
The HFM is placed, with its facings and a guard ring of similar average resistance and same thickness, in
the guarded hot plate apparatus, the side adjacent to the element being measured on a material of known
thermal conductivity and the other side, which will be in the air, against an insulating layer [thermal
conductivity less than 0,04 W/(m:K)]. The HFM calibration with the hot box method (ISO 8990:1994)
shall be suited since the calibration condition of the method is closer to the condition of the practical
measurement.

© IS0 2014 - All rights reserved 5
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The calibration procedure shall be such that the calibration factor is known with an accuracy of + 2 % in
the conditions of use. The heat flow rates as well as the temperatures and the thermal conductivities of
the materials shall cover the range of values usually encountered in practice.

5.1.1 Calibration of a new type of HFM

A set of calibration curves or an equation shall be prepared (calibration factor versus mean temperature,
thermal conductivity of the underlying material, and eventually the density of heat flow rate) for any
new type of heat flow meter or any modified HFM (e.g. new facing or new incorporated guard ring).

The calibration shall be done at three different densities of heat flow rate (e.g. 3 W/m2, 10 W/m?2 and
20 W/m?2) ijn order to check the linearity of the response of the HFM versus q. If the relationshlfip is
not linear, more densities of heat flow rate shall be tested and the precise function shall be taken|into
account dujing the measurements.

The calibration shall be done ata minimum of two temperatures (minimum and maximumlimits). If there
is a significant difference between the two results, a third point shall be measured atthe average of the
two temperjatures to test the linearity of the relationship of the calibration factor to'the temperatlee. If
the relationjship is not linear, more temperatures shall be used in order to obtain the dependence of the
calibration factor on the temperature.

The compldte calibration shall be done with the HFM placed on at leagt two materials (low and fhigh
thermal copductivity). If any dependence of the calibration factor to'this parameter is found, more
materials shall be used in order to get the complete relationship bétween the thermal conductivity of
and the calibration factor.

A partial callibration may be done if the HFM is used only fara’specific application. In this case, itfmay
be calibratdgd only on the material on which the HFM will be installed and/or for the temperatures ysed.

The HFM shall be tested for the following characteristies:

a) zero offset: if there is a nonzero output for zero-heat flow (HFM placed in a thermally homogengous
medium), this can be due to a bad electrical connection, which shall be checked;

b) effectofstressesonthe calibration factor: This effect shall be negligible in the range of perpendiqular
and patfallel stresses involved in the.measurements;

c) effect df electromagnetic radiation (50 Hz to 60 Hz, radio waves). This effect shall be negligibjle in
the range of electromagnetic fields encountered in practice.

5.1.2 Calibration of a kiiewn type of HFM

For an HFM|whose effeets mentioned above are well known, the calibration factor shall be measuref for

delamination. If the variation of the callbratlon factor is more than 2 %, a complete calibration procedure
shall be followed.

In all cases, a correction shall be applied to the measurements where a change in the calibration factor
of greater than * 2 % occurs over the range of operation.

5.2 Temperature sensors

The calibration procedure shall be such that the temperature difference between a pair of sensors is
determined with an accuracy better than + 2 % and that the temperature can be measured with an
accuracy better than 0,5 K. If the temperature difference is obtained by subtracting two temperatures,
the sensors shall be calibrated to an accuracy of + 0,1 K.

6 © ISO 2014 - All rights reserved
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The surface and air temperature sensors are calibrated for several temperatures in the relevant range
(generally -10 °C to 50 °C) in a well-stirred medium (e.g. water or air), in a well-insulated container, in
comparison with a reference thermometer having an accuracy better than 0,1 K. Sensors manufactured
to this accuracy may be used without calibration.

Special procedures shall be used for the sensors measuring the environment (ambient) temperatures,
according to the temperature to be measured.

The effects of stresses and of electromagnetic radiation (solar and thermal radiation, 50 Hz to 60 Hz,
radio waves) at reasonable levels have to be examined and eliminated if the changes are greater than
the accuracy mentioned above.

5.3 | Measuring equipment

Where direct readout equipment is provided, adequate provision shall be made for calibration of this
equipment. Calibrated voltage sources and resistances can be used in place of the HFM and temperature
senspors.

6 easurements
6.1 | Installation of the apparatus

6.1.1 Location of the measured area

The [sensors (HFMs and thermometers) shall be moutted according to the purpose of the test. The
appijopriate location(s) may be investigated by thérmography (in accordance with ISO p781:1983).
Sendors shall be mounted in such a way so as tp;ensure a result which is representative qf the whole
elentent.

NOTE It can be appropriate to install several HFMs so as to obtain a representative average.

HFMs shall not be installed in the vigihity of thermal bridges, cracks or similar sources of erfor. Sensors
shall| not be under the direct influence of either a heating or a cooling device or under the dlraught of a
fan.

The puter surface of the element should be protected from rain, snow and direct solar radiatign. Artificial
screpning may be used for that purpose.

6.1.2 Installation‘of the HFM

The |dimensions of the HFM are chosen according to the structure of the element undpr test. For
hompgenequs-elements, any reasonable dimensions can be used, but some corrections may ble necessary
(seeClause-8).

The HEM (with its surface temperature sensorifany) shall be mounted directly on the face oflthe element
adjacent to the more stable temperature. The HFM shall be in direct thermal contact with the surface of
the element over the whole area of the sensor. A thin layer of thermal contact paste can be used for this
purpose.

A guard ring, made of a material which has similar thermal properties as the HFM and of the same
thickness, may be mounted around the HFM.

6.1.3 Temperature sensors

If the thermal resistance (or the conductance) is to be measured, surface temperature sensors shall be
used. If not incorporated in the HFM, the internal surface temperature sensor shall be mounted on the
internal surface either under or in the vicinity of the HFM. The external surface temperature sensor
shall be mounted on the external surface opposite the HFM.

© ISO 2014 - All rights reserved 7
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Both surface temperature sensors shall be mounted so as to achieve good thermal contact between the
surface and both the sensor and 0,1 m of lead wires.

NOTE For accurate results, it is recommended that the HFM and surface temperature sensors have the
same colour and emissivity as their respective substrates. This is particularly important for sensors exposed to
sunlight.

To measure the U-value or the total resistance, environmental (ambient) temperature sensors shall
be used. These sensors shall measure the temperature used in the definition of the U-value. They are
chosen and installed accordingly at both sides of the element being measured (see Annex A).

The duratign of the test can he greatly reduced if the temperatures on hoth sides of the element, but
particularly on the side where the HFM is installed are stable before and during the test.

6.2 Datalacquisition

The electri¢al data from the HFM and the temperature sensors shall be recorded continuously or at
fixed intervjals over a period of complete days. The maximum time period betweentwo records and the
minimum t¢st duration depends on

— the natpire of the element (heavy, light, inside or outside insulation);
— indoor pnd outdoor temperatures (average and fluctuations, before‘and during measurement)
— the method used for analysis.

The minimyim test duration is 72 h (3 d) if the temperature is_stable around the HFM. Otherwise, this
duration mfiy be more than 7 d. However, the actual duration-of test shall be determined by applying
criteria to [values obtained during the course of the test.” These values shall be obtained without
interrupting the data acquisition process.

It is useful |to record the data so that it can be used for computer analysis. It is recommended |that
recordings jare made at fixed time intervals which are the average values of several measurements
sampled at phorter intervals.

The recording interval depends on the method used for analysis (see Clause 7). Itis typically 0,5htp 1 h
for the averpge method and may be lessfor the dynamic method.

The sampling interval shall be sherter than half the smallest time constant of the sensors.

7 Analysis of the data

Two methodls may be used for analysis of the data in accordance with this part of ISO 9869: the so-called
average mefhod, which is simple, or the dynamic method, which is more sophisticated but which gives
a quality crjteriaief'the measurement and may shorten the test duration for medium to heavy elements
submitted tjo, /ariable indoor and outdoor temperatures.

The average method is described below and the dynamic method is described in Annex B.

7.1 Average method

This method assumes that the conductance or transmittance can be obtained by dividing the mean
density of heat flow rate by the mean temperature difference, the average being taken over a long

8 © ISO 2014 - All rights reserved
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enough period of time. If the index j enumerates the individual measurements, then an estimate of the
resistance is obtained by

n

2

T.

S

ij_Tsef)

R=-

2.4
j=1

an estimate of the conductance, 4, is obtained by

(4)

2.4,

_ Jj=1
A= -
Z (TSJ N Tsej)
j=1
and pn estimate of the transmittance, U, is obtained by

2.9,
j=1

U=
n
Z(Tij _Tej)
j=1
When the estimate is computed after each measurement;a“convergence to an asymptoti

obsd

b)

‘)
If th

For

reco
suny
subs

For
shal

rved. This asymptotical value is close to the real valuejif the following conditions are m

Lhe heat content of the element is the same at théfend and the beginning of the measure
Lfemperatures and same moisture distribution);

the HFM is not exposed to direct solar radiation. It should be noted that a false re
bbtained when there is solar radiation‘on’the exterior surface. For R- or A-value measuy
emissivity of the surface temperature-sensor will generally be different to that of the
surface, giving a false reading. Thesexternal environmental (ambient) temperature in
neasurement generally takes no'account of the solar flux to the exterior surface of the

the thermal conductance ofithe element is constant during the test.
bse conditions are notfulfilled, misleading results can be obtained.

ight elements, which have a specific heat capacity per unit area of less than 20 kJ/
Immended thatthe analysis is carried out only on data acquired at night (from 1 h after
ise), to avoid(the effects of solar radiation. The test may be stopped when the results
equent nights do not differ by more than + 5 %. Otherwise, it shall be continued.

neavier-elements, which have a specific heat per unit area of more than 20 kJ/(m2 K), {
be carried out over a period which is an integer multiple of 24 h. The test shall be ende

(5)

(6)

cal value is
et:

ment (same

sult can be
ements, the
ndisturbed
the U-value
blement;

m2 K), it is
sunset until
after three

he analysis
1 only when

Trorrecrorroore-rourrre o

the duration of the test exceeds 72 h;

the R-value obtained at the end of the test does not deviate by more than + 5 % from the value

obtained 24 h before;

the R-value obtained by analysing the data from the first time period during INT(2 x Dt/3) d does
not deviate by more than * 5 % from the values obtained from the data of the last time period of the

same duration. Dt is the duration of the test in days; INT is the integer part;

if the change in heat stored in the wall is more than 5 % of the heat passing through the wall over

the test period, one of the methods described in 7.2 or in Annex B shall be used.
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7.2 Storage effects

The following procedure, relevant for structures of high R-value and high thermal mass, shall be applied
in cases where the criteria of 7.1 (i.e. the criteria which determines when sufficient data have been
recorded) are not fulfilled. The use of this correction procedure often permits a shorter measurement
time than would otherwise be required to meet these criteria. The basis of the procedure is discussed
further in Annex F.

The procedure involves

— the calculation of internal and external thermal mass factors (Fj and Fe, respectively) for the
structureconcermned;

— anadju

7.2.1 Calg

The factors
with layer 1

For each lay]
divided by ¢
per square
in kilogram
thermal reg

Then for ea

k
R :Z

j=1

-

and the facf

Fep =Cy

NOTE1 F

NOTE2 W
measured te

stment, involving these factors, to the measured flux at each data point.

rulation of the thermal mass factors

shall be obtained for a structure consisting of N plane parallel layers, numnbered from 1
at the interior surface, for heat flux measured at the interior surface;-as follows.

er k, estimate its thermal resistance Ry in square metres kelvin per watt (m2-K/W) (thick
hermal conductivity or thermal resistance of airspace) and its thermal capacity Cx in jq

toN

ness
ules

metre Kelvin [J/(mZ2-K)] [product of specific heat capacity~in joules per kilogram density

s per cubic metre (kg/m3) and thickness of component’[m)]. Let R be the estimated
istance of the wall, i.e. the sum of all Rks.

Ch layer k calculate the inner (Rjk) and outer (Rek):
N
R, R,=> R
Jj=k+1

ors:

Ry J1 Ry +Rep | RigRex

R |6 3R R?

[ 2

Ro L Ry Rei
| R 3R* R’
br the interior layer(j = k = 1), Rik, = 0; for the exterior layer (j = k= N), Rek = 0.

total

(7)

(8)

hen thermaltransmittance is being measured, surface resistance should be included so that the

mperaturesiare environmental (ambient) temperatures rather than surface temperatures.

to each value of Rk

add Rse

4o 1 1 £D
LU C4altll vdIiut Ul Inek

+ Rse to R

The thermal mass factors for the structure are then given by

10

(9)
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7.2.2 Correction to measured heat flux

No correction is applied to the data during the first 24 h. Thereafter, £g; in Formulae (4), (5) or (6) is
replaced by

FOoT +FoT
qu_( i 1Ate e) (10)

where

At isthe interval between readings, in seconds;

DT; is the difference between internal averaged temperature over the 24 h prior to.thg reading j
and internal averaged temperature averaged over the first 24 h of the analysisperfiod;

bT. is the difference between external averaged temperature averaged over, the 24 h pgrior to
the reading j and external averaged temperature averaged over the first’24 h of the analysis
period.

The forrected R-, A- or U-value shall be plotted against time.

T

NOTE Itis desirable to plot this on the same graph as the uncorrected value.

7.2.3 Interpretation of the results

The [R-, A- or U-value of the structure shall be taken as.the value of the corrected curve at thie end of the
meapurement, with an uncertainty band equal to the'range of the corrected curve over thg final 24 h,
proyided that each of the following conditions hold:

a) the analysis period is not less than 96 h;

b) the analysis period is an integer mudtiple of 24 h;
c) the R-value so obtained is equal tothe value of R used to derive the correction factors, tojwithin 5 %j;
d) the values of the correctedcurve are all the same within 5 %
1) atthe end of the test;

) 24 h before theend of the test;

B) 48 h before'the end of the test;

e) fhe sameesults to within 5 % are obtained if the first 12 h of data are discarded.

If cgndition c) above is not met, the thermal resistance chosen for each layer of the strycture shall
be llviewed and if alternative values can be justified (so as to make R consistent with thp measured
value), the data shall be re-analysed and new correction factors calculated using the revised thermal
resistances. Any such revision shall be reported.

If conditions d) or €) above are not met, the first few hours of data should be discarded and the remaining
data examined and judged against all five of the above conditions. This will be possible only if more than
4 d of data are available.

If the above conditions are not met, the result of the test is subject to a greater uncertainty band (see
Clause 9).

NOTE When the composition of the structure is unknown but an estimate of its thermal mass can still be

made, it can be of assistance in interpreting results to use the correction factors for a single layer structure. These
are
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C C
Fj=— and F, =—
3 6

where C is the product of specific heat capacity [approximately 1 000 J/(kg-K) for most materials], density and
thickness of the element. The use of these factors will not give a valid result if the element contains an insulation
layer.

7.3 Comparison of calculated and measured values

The calculated value, based on the structure of the element and obtained using ISO 6946, may be
compared with e Lo alement—in N
using the

O cl port po 1] Cl Cl O ay O cl

ethod described in Ann'ex C.

Significant differences (>20 %) between the calculated value and the R- or U-value measurement mgy be
caused by a|combination of any of the following factors:

— the valfies assumed for the thermal conductivities are not the true values. This-may arise from
incorrect identification of the materials, particularly the insulating ones, from differences between
the actIal properties of the material and the assumed values, or from moisture effects;

— thevalyes assumed for the surface resistances are not the true values. This source of error is usfially
important only for poorly insulated elements;

— the exaft thicknesses of the layers, especially those made of insulating materials, were not properly
measuifed;

— the R- ¢r U-value measurements were not properly carriéd out or were done under poor thermal
conditipns;

— the exajmination of the element and the R- or U-value measurements were not applied to the Jame
locatiof in a nonhomogeneous element;

— the heaf flow lines during the measurement were not straight and perpendicular to the elemen

—
-

— there were convective air flows in the element, which influenced the R- or U-value measurements
but weife not taken into account in+the computation of the theoretical value;

— there afe phase changes such as freezing, thawing, condensing or evaporating of water or moisfure;

— the enyironmental (ambiént) temperatures used for the calculation of the U-value are not those
measuied (see Annex AY;

All these sources of error shall be taken into account when interpreting the comparison of the regults
given by calculation@nd measurement.

8 Corrections for the thermal resistance and the finite dimension of the HFM

If the HFM is very thin and the thermal resistance of the HFM is low enough, the effects of perturbation
of the surface heat flow by positioning the HFM is negligible. In this case, the corrections for the thermal
resistance and the finite dimension of the HFM are not required.

If necessary, the correction for the thermal resistance and the finite dimension of the HFM can be
determined by Annex D.
9 Accuracy

The accuracy of the measurement depends on

— the accuracy of the calibration of the HFM and the temperature sensors. The error is about 5 % if
these instruments are well calibrated;
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the accuracy of the data logging system (see Annex E);

random variations caused by slight differences in the thermal contact between the sensors and the
surface. This variation is about 5 % of the mean value if the sensors are carefully installed. This
contribution to the total error can be reduced by using several HFMs;

the operational error of the HFM due to modifications of the isotherms caused by the presence of
the HFM (see Clause 8). If the operational error has been estimated by a suitable method such as
finite-element analysis, and a correction is applied to the data, the residual uncertainty is about 2 %
to 3 %;

Fariations-ov ofthe-temperaturesandheatflow-Su ors can be very
arge but, if the criteria described in 7.1 and 7.2 or Annex C are fulfilled, they can be,reduced to less
than + 10 % of the measured value. This contribution can be reduced by recordingthe data during
hn extended period of time, by reducing the variations of the indoor temperature tera mipimum, and
by using the dynamic interpretation method (see Annex C);

for U-value measurements, temperature variations within the space anddifferences between air
hnd radiant temperatures.

e above conditions are met, the total uncertainty can be expected to.be between the quadrature sum
hrithmetic sum, i.e. between

5% 457 +32+102+52)%:14%

5+5+3+10+5)% =28%

e above conditions are not met, the test remains valid in terms of this part of ISO 9869 provided that

probability of obtaining a large éryor is increased when

the temperatures (particularly the indoor temperature) show large fluctuations (befofe or during
Lhe test) compared to the'temperature difference between both sides of the element;

the element is heavyfand the duration of the test is too short;
the element is sutbmitted to solar radiation or other strong thermal influences;

ho estimate is made of the operational error of the HFM (which can be up to 30|% in some
Circumstances);

the aaecuracy of the measurement of the U-value depends on the definition of the epvironment
Letnperatures adopted for the U-value and their measurement.

10 Test report
The report shall contain
a) Data on the element measured:
— location of the building where the element is measured;
— location of the element in the building, particularly its orientation;
— purpose of the test (suspected bad workmanship, moisture, ageing of the materials, etc.);

— type of element (wall, ceiling, floor, etc.);

© IS0 2014 - All rights reserved
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b)

— probable structure of the element;

— thickness of the element.

Data on the measurements:

— name of the measuring institution;

— type and characteristics (make, serial number, calibration factors, history) of the temperature
sensors and HFM;

— method used to fix the sensors;

— prq

cise location of the sensors (HFM and temperature sensors);

— temperature measured (i.e. surface, air, radiant or other temperature);

— dat
— int

the
Data on

— me

e and time of the beginning and end of the measurement;
brval between records and number of measurements averaged in each record;

graphs of the recorded data (heat flow rate and temperatureswersus time) showing
data discarded before analysis.

the method of analysis:

thod used: average (Clause 7) or dynamic (see Annex CJ;

— grdph of the integrated heat flow divided by the_iitegrated temperature difference or

rec
— ifc
1y
2)
3)
— ift
D
2)
3)
4)

— ifa

iprocal, whichever is applicable;

pbrrections for storage effect are carried out:
assumed thermal capacity and thermalresistance of each layer;
average temperatures for the firstand last day of integration;
corrected graphs (corrected\R+, A- or U-value versus time);

e dynamic analysis is carried out:
number of equations;
optimal time.constants found;

standard deviation on the flow;

hy-of the criteria mentioned in 7.1, 7.2 or in Annex C (depending on the method used) ar

confidence interval; resistance and conductance or total resistance and transmittancs.

also

the

e not

ful

Results:

14

ttted, thisshalt be Teportedand the Uncertainty of the resuits Increased accoraingly.

resistance and conductance or total resistance and transmittance;

correct

ions used for the presence of the HFM;

estimation of the accuracy, error analysis;

any supplementary measurements undertaken, depending on the purpose of the test (moisture
content, thermographic analysis, examination of the structure, etc.).
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Heat transfer at surfaces and U-value measurement

A.1_General

Hea
the

The
and

the ¢

1:2014(E)

tis transferred to and from a building element both by radiation interchange between th

Fate of radiant heat transfer depends on the temperatures and emissivities of the surfacq
pn other relevant surfaces, and on the view factors between the surfaces; Ab the interna

witHin it; at the external surface of the element they include the groundfthe sky, other buil

and

The

hedges.

rate of convective heat transfer depends on various factors/such as the adjacent air tq

surfaice roughness and air velocity.

The

heat flow to or from the specimen is thus influenced by both the radiant and the air te

on elther side of it.

A.2| Heat balance equation

Whedre the radiant temperature seen by the.surface can be defined, a heat balance equat
written

q=Eh (T/~T,)+h(T,-T,)

where

7 is the density of heat flow rate into surface [W/m?2];

"y is the mean fadiant temperature seen by surface [°C or K];
I, isthe airdemperature adjacent to surface [°C or K];

I is the'surface temperature [°C or K];

i ~_1s the space emittance [dimensionless];

¢lement and other surfaces, and by convective heat transfer at the surface of the element.

e surface of

in question
1 surface of

lement the other relevant surfaces are the remaining surfaces boundingthe room, and apy furniture

dings, trees

mperature,

mperatures

ion may be

(A1)

hyr is the radiation transfer coefficient [W/(m2-K)];

h¢ is the convection transfer coefficient [W/(m2:K)].

This equation is valid for heat flow into or out of a surface provided that the sign of q is taken as positive
if the heat flow is into the surface (i.e. positive on the warm side of the element, negative on the cold
side).

hy, is approximately 40'Tri, when o is the Stefan-Boltzmann constant: ¢ = 5,67 x 10-8[W/(m2-K4)] and

Tm=1/2(T’++ Ts) expressed in kelvins. The space emittance incorporates the view factors and emissivities
of all surfaces involved.

© IS0 2014 - All rights reserved
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If the environmental (ambient) temperature Tepy is defined such that

(T -T.) A2)

q= R :

where R is the surface resistance, this is equivalent to Formula (A.1) with
Eh h
7-:'31’1V = . r’ < 713 (A'3)
Eh +h, Eh +h,

and

R, = 1 [A.4)

En +h,

A.3 Environmental (Ambient) temperature and U-values
Formula (A|3) therefore defines the environmental (ambient) temperature that\.correctly indicates the

heat flow tg

the surface. Nevertheless there are the following difficulties:

a) Tenvis

c) varioug

A.3.1 Ob:s

|

ot observable directly;
ot constant throughout an enclosure;

different temperatures are used on a national basis‘iir'the definition of the U-value.

servation of Tepy

Tenv as defined by Formula (A.3) is a notional temperature and cannot be measured directly. It cou
calculated ysing Formula (A.3) if all the quantities. ere known; but in practice the only one which

be determi

A good appr
but the val
for convect
the vicinity|
measured.

ied with any certainty is h.

d be
can

oximation to T; can be obtained by direct measurement with a suitable shielded thermomieter,

e of the convection coefficient A, is less certain. The usual value assumed is 3,0 W/(nq
on at vertical surfaces, but'a different value can certainly be expected near heaters
of windows where the surface is not plane. There is also the question of where T, shou

itis clear that it will not be constant o

2.K)
DI’ in
d be

alue
hean

n, so

)

ver the whole element. A heated room will usually have a ver

ired,
tical

temperature gradient, so that T, varies with height; and different points on the test element will have
different view factors to the various radiating surfaces, so that 7’ will not normally be constant over all
the test element either. As indicated above, hc and E-hy will often vary with position.

A.3.3 Definition of U-value

Various different temperatures are used for the definition of the U-value:

a) air temperature;

16

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=83bd947bfb389f8317ea033a7214a28a

IS0 9869-1:2014(E)

b) resultant or comfort temperature, which is the average of the mean radiant temperature and air
temperature. It should be noted that this mean radiant temperature is not T, as defined above as it
includes all surfaces;

c) environmental temperature. This is the closest to Tepy butis subject to the measurement difficulties
discussed above, and is usually defined in terms of the mean radiant temperature at the centre of
the enclosure, rather than in terms of T’

Asaresult, a U-value measured in situ may not be the appropriate U-value for use in heat loss calculations
if different temperatures are involved in the two cases.

A.4| Conditions for U-value measurement

If, dyiring the measurement, T, approximately T, then Tepy is insensitive to the values of F-hy, and h,
and pir temperature is a reasonable proxy. However, a problem remains that the surface resistance is
(E*hy + h¢)-1. This quantity is liable to vary over the area of the test element. This;means that

a) the U-value, as measured, will vary over the area of the test element, even though th¢ element is
iniform, that is, has a constant R-value;

b) the measured U-value is dependent on the conditions of measurement and is not a fundtion only of
the element itself.

A.5| Exterior surfaces

In the absence of solar radiation, a similar theory cambe applied at exterior surfaces. Usudllly, because
of wlind velocity, h¢, is much greater than E-hy, sp, that air temperature can be used under overcast
conditions.

Under clear-sky conditions, the effective radianttemperature canbe much lower than the air tgmperature.
This|is particularly relevant for roofs.

Solaf radiation onto a surface is not deteécted by an air temperature sensor, and this can causfe very large
errofs in U-value measurements.

BotH problems (of low radiant:témperature and solar radiation) can be avoided by shading the exterior
surface.

Surfhce temperature-measurement is also hazardous when there is significant solar radidtion onto a
surface, as the temperature sensor needs to have a similar emissivity to that of the surface, both for
solaf radiation atid-for long-wave thermal radiation.
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Annex B
(normative)

Dynamic analysis method

B.1 General

The dynamjc analysis method is a sophisticated method which may be used to obtain the steady-state
properties ¢f a building element from HFM measurements when large variations occur in temperatures
and heat flgw rates. It takes into account the thermal variations by the use of the heat equation.

The building element is represented in the model by its thermal conductance 4y,dnd several fime
constants t| The unknown parameters (4, 71, 72, 3...) are obtained by an identificdtion technique ysing
the measurgd densities of heat flow rates and temperatures.

With this approach, a set of linear equations must be solved which can be déne by a microcomputef in a
few minutes.

B.2 Algorithm of the dynamic method

The basic algorithms are as follows:

The measugements give N sets of data of the density of heat flow rate (gi), indoor and outdoor surface
temperatures (T);, Tgi) taken at the times ¢; (i rangesfrom 1 to N). The time interval between|two
measurements is At, defined as:

At=t, |-t [B.1)
The heat flow rate at time t; is a function of the temperatures at that time and at all of the preceding
times

q; = A(Ty; ~Tg; )+ K1 Ty —K5Tg + )P, Z Ty (1= By) B (i=4)+ Y. Q, z T (1= Bn) Ba(i—1)

n J=i-p n j=i-p
(B.2)
where the derivative of the indoor surface temperature is
: TI _TI i-1
7, (<) 3)
At

The same formula is valid for the derivative of the external temperature T .

K1, K7 as well as P, and @y are dynamic characteristics of the wall without any particular significance.

They depen
The variabl

B, = eXp(

d on the time constant tp.

es B, are exponential functions of the time constant T,

A

3

n

The sum over n in Formula (B.2) is over all the time constants, theoretically an infinite number.

18
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These time constants, t,, however, decrease rapidly with n, as S, increases. Hence only a few time
constants (in practice, between 1 and 3 is sufficient) are needed to correctly describe the relationship
between g, Tg and T1.

Assuming that m time constants (11, T2, ... Tm) are chosen, Formula (B.2) will contain 2m + 3 unknown
parameters which are

A' Kl, KZr Pll Q].l PZ) QZ: ------ ) Pmr Qm (BS)

Writing Formula (B 2) 2m + 3 times for 2m + 3 sets of data at various times, a system of linear equations
) y sets, p, is

Figure B.1).
to an over-

detefmined system of linear equations which can be solved by a classic least square fit.

00 00 ¢

° o (¢]
q o o
¢ o
Tg] R o o . [ ) ° ° R ° e 9 & °
° . e o 0 °
o
Tse o’ ) $ 0 e e S N e ® °
L1 1 1 | | |1
i= 1,2, 3,4 ... N-M+1<...... N-1,N
NOTE1 P=N- M date points for integration
NOTE2 M date points for M equations (M > 2m + 3}

Figure B.1 — Utilization of the'data for the dynamic interpretation method
This|set of more than 2m + 3 equations can be written in a matrix form
§=(X)Z (B.6)

whele

i isavectorithe M components of which are the last M heat flow density data, gi. The|value of M
is then greater than 2m + 3 and i goes from N- M + 1 to N;

N

is a-zector, the 2m + 3 components of which are the unknown parameters listed in Formula
(B25);

(VY ic aractanagular matrivwzith Mlinag (G — N M+ 1\ to ’\7\ ah r‘ 2m 1 2 nn]nmnc (1to ')m + 3)
A S Fe e gt Ha Wt e S Yot “<HE > 0= .

The matrix elements are

Xil = Tli - TE,i

X

i2

=T, =(T, - T, )/ At

Xy =T, =(Ty — Ty )/ At

Xig= | Tyi(1-B1) B1 (i-J)
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i-1

X15= (1 ﬁl)ﬁl(l_ )
J=i-p
i-1

Xie= D, Tj(1-B2)B2(i-))
J=i-p

Xi7 = _ TE;(l ﬁZ)ﬂZ( )

i,2m+2 ; Ti} (1 ﬁ )ﬁ ( )

Xiomi3 [ T (1= By ) B (1= ) B.7)
j=i-p

In the sums|over j, p is large enough to make the residual sum (j =i - p£4o minus infinity) negligible. Then,
the number]of data sets, N, has to be larger than M + p. Practically;RP= N - M, where N is large enough.

The set of efuations [see Formula (B.12)] gives an estimate, 7 , of the vector Z.

where (X)’ is the transposed matrix of (X).

Z+=[X)' (0] (X)q B.8)

In fact, the [time constants 7,, are unknown.-They are found by looking for the best estimate of b4 by

varying theltime constants.

This is dong in the following manner:

a)
b)

d)

20

choose [the number of time-censtants, m, to be used. Usually, this number is not more than 3;

choosefa constant ratio,r’between these time constants (usually between 3 and 10) in such a|way
that

T1=ITy :r2T3 Bg)

choose[th® number of equations M for the set of Formulae (B.7). This number must be larger fhan
2m + 3 but smaller than the number of data sets. Usually, 15 to 40 equations are enough. That means
that at least 30 to 100 data points are needed;

choose the minimum and maximum values of the time constants. Since the computer has a limited
accuracy, there is no sense in handling time constants smaller than At/10. On the other hand, p = N
- M points are needed for integration. This integration will not be terminated if the time constant is
larger than p At. It is best to choose the largest time constant lying between

At —<7T <p_At (B.10)
10 2

in this interval, compute the estimates, Z =, of the vector Z using Formula (B.8) for several time
constant values. For each value of Z *, the estimate q * of the heat flow vector will be computed by
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(B.11)

the total square deviation between this estimate and the measured values will be computed by

: =(q_6*)2 :Z(qi _qi*)z

(B.12)

g) the best time constant set is the one giving the smallest square deviation. They can be found by

h)

If th

(pAt
with
of in

Qua

ther
(e.g.

In the case of the classical analysis method, the only criterfon is that the measurement 1
enoy
proj

befo
was

Such
estimate of the conductance described above-is

2
==Y ED pp y—om-s)
M—2m—4

repeating steps e) and f) above;

—

Lol 4 43 4 Z
T UJLoU THoLIIlIAale, 4

is the best

A £ 1 4 7 e £, - £l T £3 4 £ 7
v, Ul U1ICT VEULLUL 4 15 1TUUIIU 111 LIS VVﬂy- IS 11150 LUIII}JUIICIIL; ]

bstimate of the conductance (or the transmittance if air temperature is used).

e largest time constant found for the best estimate is equal to (or greater than) the maxi
2), the n umber of equations or the measurement time are not large enough to give a re
this data set and this ratio between time constants. Changing the numberofequations

creasing (sometimes also by decreasing) the number of data sets may ovebcome this di

e is good confidence (e.g. 90 % probability) that the result willtbe close enough to the §
within + 10 %).

ability of giving a good result. However, if the temperatures of heat flow varied subst
Fe the beginning of measurements, the final result would be erroneous as the measur
not long enough to “forget” the preliminary events.

a criterion exists in the case of the dynamiic interpretation method. The confidence intq

mum value,
iable result
or the ratio
ficulty.

ity criteria are needed to indicate confidence in the results when a single measurement is used to
estifate the U-value. They have to be such that, if they are fulfilled for“a given, unique me

asurement,
ictual value

ime is long

gh. Of course, if the recorded data show a quasissteady-state, the measurements have a high

hntially just
ement time

erval for the

= (B.13)

whefe

52 is the total deviation obtained by Formula (B.12);

Y(1,1) is the firstelement of the matrix inverted in Formula (B.14)

. -1

Y)= [(X) (X)} (B.14)
whete

M is the number of equations in system (6) and m the number of time constants;

F s the significance limit of the Student ¢t-distribution, where P is the probability and M - 2m - 5

is the degree of freedom.

If this confidence interval for P = 0,9 is smaller than, for example, 5 % of the conductance, the computed
conductance is generally very close to the actual value, which is in this case the value obtained under
good conditions (night-time steady-state for light elements, long measurements for heavy ones). For
a given measurement time, the smaller the confidence interval, the narrower the distribution of the
results of several measurements.
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This criterion, however, is not sufficient since the distribution is still large for short periods of
measurement and the mean value may be erroneous (generally too low).

The second criteria to fulfil is that the duration of the test is to be larger than the value given in 6.2.
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Examination of the structure of the element

General

1:2014(E)

Itm
corr
the ¢

C.2
A sa

methods such as dust sampling may be suitable for moisture content analysis. Framed stry

also

the fnaterials of the various layers identified as far as possible{The densities of these matef

mea

If it
mois
with
bags

C3

Ano
of th
sma

The
by t
matq

C.4
The

hy be useful, for example, to explain unexpected results of an R-value measurementor
ection for storage effects, to examine the structure, the workmanship and the mpistur
lement measured. To examine this structure, two methods may be used.

Sampling method

Inple of a whole section of the element is taken by boring with a hollow drill or by sa
be opened. Thicknesses of the various layers should be measured as accurately as p

sured.

is considered that there are significant moisture effects, care has to be taken not to
ture content of the element by the sampling, eithexby heating with the drill or saw or by
lubricating water used on diamond drills. The sampled parts should be packed in air
without delay for subsequent moisture content analysis.

Endoscope method

her possibility is to drill a hole through the whole element of sufficient diameter to allow
e sides of this hole with an endoscope. Before examination, it is advisable to clean the
1 brush and with compressed‘air or gas.

thicknesses of the various layers are measured with the endoscope and the materials aj
heir visual appearanee. This method is less accurate, particularly for the identificd
brials but causesdess’damage than the sampling method.

Interpretation

thermal resistance of each layer, R;, is computed using

to apply the
e content of

wing. Other
ctures may
ossible and
ials may be

change the
moistening
ight plastic

y inspection
hole with a

e identified
ition of the

where

di
Ai

is the thickness of the layer (m);

per metre kelvin [W/(m'K)].

€.1)

is a thermal conductivity for the material of the layer, given by the national standards, in watts

The total thermal resistance is the sum of the resistances of all the layers; the thermal conductance is
the reciprocal of the thermal resistance and the U-value is computed using surface resistances taken
from national standards or from ISO 6946. The result obtained may be compared to the results of the
R- or U-value measurements, taking into account all the possible sources of error mentioned (see 7.3).
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C.5 Reporting format

The report shall contain

a)
b)

c)

d)

24

data on

the examined element (building, location in the building, type of element);

method used for the examination;

results
layers);

any ot

of the examination (structure of the elements, thicknesses and materials of the various

er measurement taken, e.g. thermography, moisture content or moisture detection, density

and the

interpr

rmal conductivity, etc.;

ptation and error analysis.
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Annex D
(informative)

Perturbations caused by the heat flow meter

General

The
elen
not ¢
infly

This

D.2

If th
pert
undg

D.2.
In th

d

whe

Fron

HFM itself has a thermal resistance, and changes by its presence, the heat transfer {

he same as the heat flow through the undisturbed element. Reciprocally, the élement 1
ence on the flow pattern in the HFM.

effect can be taken into account by computations, using the equation férheat by condu

One-dimensional perturbation

e heat flow lines are all straight and perpendicular to the\HFM during measureme
urbation is caused by the supplementary resistance of €he"HFM, which lowers the he
br given temperature conditions.

1 U-value measurements

is case, the measured temperature differenegfrom environment to environment is give

‘T == RTq’ = (RT +R')q

Fe (see Figure D.1)

Rt is the total thermal resistance of the element alone;
R’ is the resistance of the HFM;

7’ is the density ofheat flow rate through the element without HFM (not measured);

7 is the measured density of heat flow rate in the presence of the HFM.

n Formula(D.1) the total thermal resistance or the thermal conductance can be obtaing

R2Z——R and U=

oT q

hrough the

ent being measured. The heat flow lines are no longer parallel and the heat flow threugh the HFM is

nay have an

ction.

ht, the only
ht flow rate

n by
(D.1)

d easily:

(D.2)

q O0T—RT
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Figure D.1 — Description of the parameters used in Formulae (D.1) and (D.2)

HFM.

alue measurements

face temperatures are measured (see Figure D.2). Twe cases are to be examined:

isured value is the actual one and no correction is needed.

Irface temperature measurement is taken beside the HFM, q and 8T are obtained, whicﬂ;are
ctly related to R. To find-the relationship, one can write the ratio of the heat flows, assu

environmental temperature and the surface resistance, R”, are the same with and without
1

urface temperature measurement is taken underi.the HFM, the R-value is given by both the
g formulae:

ot

D.3)
q

ing

Key
HFM
element
a With.
b Without
D.2.2 R-v|
Here the su
a) ifones
followi
oT
R= -
q
and the me:
b) ifones
not dirg
that thg
the HF]
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q _R+R'+R" (D4)
g R+R" '
Combining this relationship with Formula (D.3), we eliminate g’ to obtain
T
R2+R(R”+R’—5—j—R”5—T=O (D.5)
q q

from which R can be obtained easily. A simpler relationship can be derived if we assume that the actual
value of Ris close to the ratio of the measured quantities 6T/q. In this case, Formula (D.5) is rewritten as

RZ+R[R’—6—TJ+R”(R—5—T]=O (D.6)
q q

If the last term is neglected, we obtain simply

p 0T p (D.7)

q

whi¢h means that the actual resistance of the element is the measured apparent resistancg minus the
resigtance of the HFM.

/]
q
1
e~
2 N
A4
Key
1 HFM
2 blement
a With.
b Without HFM.

Eigure D.2 — Description of the parameters used in Formulae (D.3) to (D.7]

D.3""TFwo-and three-dimensionalheatflow—-——————————————————————

In practice, the heat flow meter is not homogeneous and has finite dimensions. The heat flow lines are
then curved and the measured heat flow and temperature differences are not related to the R- or U-value
through Formulae (D.2) or (D.7) but by a more complex steady-state solution of the heat equation.

D.3.1 Effects remaining when the HFM is well guarded

The thermal conductivity of the material on which the HFM is installed may influence the temperature
distribution into the HFM or, in other words, may change the calibration coefficient. This occurs when
the heat flow is measured with a thermopile which is much more thermally conductive than the core
filling material and when the sensing parts of the thermopile are too close to the surface of the HFM.
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This effect shall be avoided by proper construction of the HFM and by calibrating the HFM on various
materials. The proper calibration factor shall then be used for each underlying material (see 5.3).

D.3.2 Effects remaining when the HFM is homogeneous

These effects are described in Clause 8. The error or correction factor

o la —!CI ) (D.8)
q

can be calculated using the formula of heat in steady-state:

VX(T)=0 D.9)
where

T isthe temperature;

V? isthe Laplacian operator.
The temperjature at any location in the HFM and the underlying material can be found if the bounfary
conditions are defined. These conditions are the indoor and outdoor dirtemperatures and the sugface
transfer cogfficients. The solution is obtained by the finite element 6r'the finite-difference method
The density of heat flow rate, q’, is calculated in one dimensional flow conditions. The “measured”
density of hleat flow rate, g, is obtained by division of the average temperature difference between poth
surfaces of the active core of the HFM by the thermal resistace of this core.
This thermal resistance is a result of the complex structure of the HFM and cannot be simply calculated

by the ratio
wires of thq

The thermal resistance of the active core can pe calculated from the calibrating factor and the nur

and charact
_ oT
q

R

where
q ist

OT ist

This tempe

thermopile have to be taken into account.

eristics of the temperature sensors. The average thermal resistance is

(1

he density of heat flow rate;

he temperature difference between both faces of the active layer.

rature difference can be obtained by

of the thickness to the thermal conductivity of the core material. The thermal effects of the

nber

10)

n

where
U

n

B

28

is the voltage given by the HFM;
is the number of thermal sensors in the HFM;

is their calibrating factor (kelvins per volt)(K/V).

(D.11)
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Hence

_B
r=L (D.12)

where F is the calibrating factor [q/U in watts per square metre kelvin volt (W/(m2-K-V))] of the HFM.

The correction factor e is then calculated given by Formula (D.8). The correction factor depends on the
following parameters:

Parameter Possible variation

Rs Surface resistance over the HFM 0,5 m2:-K/W to 0,01 mZ:K}yW
D, Diameter of the active part 10 mm to 500 mm

D¢ Total diameter of the HFM, including a guard ring 10 mm to 600" mm

Ds Thickness of the facings 0,1 mmto5mm

Ag Thermal conductivity of the facings 0,037W/(m-K) to 400 W/(m-K)
Agrd Thermal conductivity of the HFM'’s passive part 0,03 W/(m-K) to 2 W/m-K
Rhfm Thermal resistance of the HFM’s active part 0,001 m2-K/W to 0,01 m3-K/W
A Thermal conductivity under the HFM 0,03 W/(m-K) to 200 W/(m-K)
D Thickness of this first layer 1mto300m

dhfm Thickness of the HFM and the guardring 0,2 mmto 5 mm

Q Density of heat flow rate 0,1 W/m2 to 10 W/m?2

The pffect of variations of the surfacé.resistance at the edges of the HFM, due to different form factors as
welllas the shape of the HFM (circular or square) are also to be considered. However, the lack|of accuracy
whep approximating a square-HFM by a disc shaped one is very small. A two-dimensionfal model in
cylindrical coordinates is therefore justified for computation of the correction for a square HFM.

The HFM itself may have various structures depending on the design of the active part and the position
of thlis active part into-tlte embedding protective and passive part (see Figure D.3).

a)'All active HFM b) HFM with guard ring c) Faced HFM

NOTE The active core is shown cross-hatched.
Figure D.3 — Cut through various heat flow meters (half diameter)

A guard ring, made of a material which has the same thermal properties as the HFM and of the same
thickness, may be mounted around the HFM. The width of this guard ring should be atleast five times the
thickness of the HFM. The guard ring may have a thermal conductivity close to the apparent conductivity
of the HFM.

© ISO 2014 - All rights reserved 29


https://standardsiso.com/api/?name=83bd947bfb389f8317ea033a7214a28a

	Section sec_1
	Section sec_2
	Section sec_3
	Section sec_3.1
	Section sec_3.2
	Section sec_4
	Section sec_4.1
	Section sec_4.2
	Table tab_b
	Figure fig_1
	Section sec_5
	Section sec_5.1
	Section sec_5.1.1
	Section sec_5.1.2
	Section sec_5.2
	Section sec_5.3
	Section sec_6
	Section sec_6.1
	Section sec_6.1.1
	Section sec_6.1.2
	Section sec_6.1.3
	Section sec_6.2
	Section sec_7
	Section sec_7.1
	Section sec_7.2
	Section sec_7.2.1
	Section sec_7.2.2
	Section sec_7.2.3
	Section sec_7.3
	Section sec_8
	Section sec_9
	Section sec_10
	Annex sec_A
	Annex sec_A.1
	Annex sec_A.2
	Annex sec_A.3
	Annex sec_A.3.1
	Annex sec_A.3.2
	Annex sec_A.3.3
	Annex sec_A.4
	Annex sec_A.5
	Annex sec_B
	Annex sec_B.1
	Annex sec_B.2
	Figure fig_B.1
	Annex sec_C
	Annex sec_C.1
	Annex sec_C.2
	Annex sec_C.3
	Annex sec_C.4
	Annex sec_C.5
	Annex sec_D
	Annex sec_D.1
	Annex sec_D.2
	Annex sec_D.2.1
	Table tab_j
	Figure fig_D.1
	Annex sec_D.2.2
	Table tab_k
	Figure fig_D.2
	Annex sec_D.3
	Annex sec_D.3.1
	Annex sec_D.3.2
	Figure fig_D.3
	Annex sec_E
	Annex sec_E.1
	Annex sec_E.2
	Annex sec_E.2.1
	Annex sec_E.2.2
	Annex sec_E.2.3
	Annex sec_E.2.4
	Annex sec_E.2.5
	Table tab_r
	Figure fig_E.1
	Annex sec_F
	Figure fig_.1
	Reference ref_1
	Reference ref_2
	Reference ref_3
	Reference ref_4
	Reference ref_5
	Reference ref_6
	Reference ref_7
	Reference ref_8
	Reference ref_9
	Reference ref_10
	Reference ref_11
	Reference ref_12
	Reference ref_13
	Bibliography
	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms, definitions, symbols and units
	3.1	Terms and definitions
	3.2	Symbols and units
	4	Apparatus
	4.1	Heat flow meter (HFM)
	4.2	Temperature sensors
	5	Calibration procedure
	5.1	Calibration of the HFM
	5.2	Temperature sensors
	5.3	Measuring equipment
	6	Measurements
	6.1	Installation of the apparatus
	6.2	Data acquisition
	7	Analysis of the data
	7.1	Average method
	7.2	Storage effects
	7.3	Comparison of calculated and measured values
	8	Corrections for the thermal resistance and the finite dimension of the HFM
	9	Accuracy
	10	Test report
	Annex A
(normative)

Heat transfer at surfaces and U-value measurement
	Annex B
(normative)

Dynamic analysis method
	Annex C
(normative)

Examination of the structure of the element
	Annex D
(informative)

Perturbations caused by the heat flow meter
	Annex E
(informative)

Checking the accuracy of the measurement system of heat flow rate
	Annex F
(informative)

 Heat storage effects
	Bibliography

