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Foreword

This document (FprCEN/TS 15548-1:2014) has been prepared by Technical Committee CEN/TC 89 “Thermal
performance of buildings and building components”, the secretariat of which is held by SIS.

This document is currently submitted to the Formal Vote.

This document will supersede CEN/TS 15548-1:2011.

The following significant changes have been made between this edition and the previous one:

— in 5.4.3, modifications of Figure 1 and 2; now denoted 1a and 1b;

—in A.4, for subclause 2.1.4.1.2, the value for minimum numbers of sensors is changed to 10VA or 2;
—in A.6, for subclause 1.7.3, the values are changed to 20 K and 50 K respectively;

— in A.6, for subclause 3.3.3, the lower and upper limits of temperature differences across the specimen have
been changed to 30 K and 70 K respectively.
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Introduction

This Technical Specification is an interim solution to the need for a standard to complement EN 12667:2001 in
the approximate temperature range 100 °C to 850 °C.

In this Technical Specification, it has been chosen to make available the current knowledge gained in the field
of measuring thermal conductivity at elevated temperature, the finalization of a standard being a complex
matter requiring further investigations.

Amongst existing apparatus for steady-state thermal testing, the guarded hot plate can be operated at
selected mean temperatures over the temperature range —100 °C to 850 °C. In general, these apparatus exist
in three forms covering roughly the following temperature ranges —100 °C to ambient, ambient to 100 °C and
above 100 °C. However it has been found that it is not possible to achieve the uncertainties of + 2 % claimed
as achievable for the low and ambient temperature forms when using the high temperature version in
accordance with ISO 8302. More realistic figures adopting the method and procedures detailed in this
document are + 5 % up to 450 °C and * 7 % at temperatures above 450 °C.

Many issues are more difficult at high temperatures. There are design issues due to apparatus material
stability, the level of temperature measurement uncertainty is higher than at ambient temperatures and there
is also greater degradation in the performance of temperature sensors when operated at high temperatures,
requiring calibration checks to be more frequent. At high temperature it is more likely to get hot spots on a
plate due to non-uniformity of a heater; these could be near temperature sensors and give false readings. Any
air gaps will have greater heat flow across them due to radiation heat exchange and finally provisions for
specimen expansion or shrinkage are needed.

Due to the above considerations the following clauses of EN 12667:2001 have been expanded and detailed:
— 5 Apparatus;

— 5.1 General;

— 5.2.4 Heating Unit;

— 5.2.5 Metering Area;

— 5.2.6 Edge insulation and auxiliary guards;

— 5.2.7 Cooling units;

— 5.3.5 Accuracy and repeatability;

— 6 Test specimens;

— 6.2 Selection and size;

— 7 Testing procedure;

— 7.3.8 Settling time and measurement interval,

— Annex A;

— B.2 Accuracy and repeatability, stability, uniformity.



FprCEN/TS 15548-1:2014 (E)

1 Scope
This Technical Specification provides additional information to that given in EN 12667, EN 12664, EN 12939
and I1SO 8302 on the design of apparatus and operational procedures required to determine the thermal

resistance of thermal insulation products in the temperature range 100 °C to 850 °C using the guarded hot
plate method.

2 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.

EN 1946-2, Thermal performance of building products and components - Specific criteria for the assessment
of laboratories measuring heat transfer properties - Part 2: Measurements by guarded hot plate method

EN 12664, Thermal performance of building materials and products - Determination of thermal resistance by
means of guarded hot plate and heat flow meter methods - Dry and moist products of medium and low
thermal resistance

EN 12667:2001, Thermal performance of building materials and products - Determination of thermal
resistance by means of guarded hot plate and heat flow meter methods - Products of high and medium
thermal resistance

EN 12939, Thermal performance of building materials and products - Determination of thermal resistance by
means of guarded hot plate and heat flow meter methods - Thick products of high and medium thermal
resistance

EN ISO 7345, Thermal insulation - Physical quantities and definitions (ISO 7345)

EN ISO 9288, Thermal insulation - Heat transfer by radiation - Physical quantities and definitions
(1SO 9288:1989)

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

3 Terms, definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EN ISO 7345 and EN ISO 9288 apply.

3.2 Symbols and units

Symbol Quantity Unit
A metering area measured on a selected isothermal surface m?
d thickness; average thickness of specimen m
e edge number ratio -
m mass (of the specimen) kg
Am mass change kg
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q density of heat flow rate W/m?

R thermal resistance m>K/W
AR increment of thermal resistance m*K/W
r thermal resistivity m-K/W
T4 temperature of the warm surface of the specimen K

Ty temperature of the cold surface of the specimen K

T3 specimen edge temperature K

Tm mean test temperature (usually (7 + T9)/2) K

AT temperature difference (usually 71 - 72) K

AY; time interval s

T transfer factor W/(m-K)
14 volume m®

0 heat flow rate w

A thermal conductivity W/(m-K)
n thermal transmissivity W/(m-K)
p density kg/m®

4 Principle

4.1 Apparatus

The principle of the guarded hot plate method is as described in ISO 8302:1991, 1.6.The guarded hot plate
apparatus is intended to establish a unidirectional constant and uniform density of heat flow rate within
homogeneous specimens, in the form of slabs with flat parallel faces. The part of the apparatus where this
takes place with acceptable accuracy is around its centre; the apparatus is therefore divided in a central
metering section in which measurements are taken, and a surrounding guard section.

NOTE Specimen homogeneity is discussed in EN 12667:2001, A.3.2.

4.2 Measuring the density of heat flow rate

Following the establishment of steady-state in the metering section, the density of heat flow rate, ¢, is
determined from measurement of the heat flow rate, @, and the metering area, 4, that the heat flow crosses.

4.3 Measuring the temperature difference
The temperature difference across the specimens, AT, is measured by temperature sensors fixed on or in the

surfaces of the plates in contact with the specimens and/or those fixed on/or in the surfaces of the specimens
themselves, where appropriate.

4.4 Deriving the thermal resistance or transfer factor

The thermal resistance, R, is calculated from ¢, 4 and AT. From the additional knowledge of the thickness, d,
of the specimen, the transfer factor, T, is computed; see EN 12667:2001, A.2.8.
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4.5 Computing thermal conductivity or thermal transmissivity

The mean thermal conductivity, A or thermal transmissivity A, of the specimen may also be computed if the
appropriate conditions to identify them and those given in EN 12667:2001, A.4.3 are realized

4.6 Apparatus limits

The application of the method is limited by the capability of the apparatus to maintain an unidirectional,
constant and uniform density of heat flow rate in the specimen, coupled with the ability to measure power,
temperature and dimensions to the limit of accuracy required, see Annex A.

4.7 Specimen limits

The application of the method is also limited by the shape of the specimen(s) and the degree to which they
are identical in thickness and uniformity of structure (in the case of two specimen apparatus) and whether their
surfaces are flat or parallel, see Annex A.

5 Apparatus description and design requirement

5.1 General

A guarded hot plate apparatus used for measurements according to this document shall comply with the limits
on equipment performance and test conditions given in Annex A and shall conform with the requirements
concerning the assessment of equipment accuracy given in EN 1946-2; this requires that the equipment
design, error analysis and performance checks are according to ISO 8302, Section 2.

A guarded hot plate design for high temperature measurement needs detailed modelling of heater plates, gap,
imbalance sensors, guard plates, edge insulation and auxiliary guards and requires much more careful design
than its ambient temperature counterpart for the following reasons:

— The heater plate material needs to retain its mechanical properties to the higher operating temperatures.
Suitable materials with the higher strength requirements usually have a lower thermal conductivity than
pure copper and aluminium alloys that are normally used at ambient temperatures. This can mean that
the heater plates have to be thicker to ensure uniform temperature distribution across the plate, which in
turn can lead to higher heat losses or gains from the edges of the plate.

— Extra precautions shall be taken to electrically insulate heater wires and temperature sensors from the
heater plate. One solution is to use sheathed wires but this raises the problem of accurately locating the
voltage probes on the heater wire in the centre of the guard centre gap.

— The use of sheathed temperature sensors to limit the degradation of temperature sensors due to
oxidation can also create additional problems because of the increased area of metal that crosses the
guard centre gap compared to a 0,2 mm diameter thermocouple.

— Despite the use of materials with high strength at high temperatures, there could still be problems with
plate distortion at higher temperatures due to residual stresses introduced by machining. This could result
in non-parallelism and unacceptable air gaps between the specimen and the heater plates.

In a guarded hot plate apparatus the heat flow rate is obtained from the measurement of the electrical power
input to the heating unit in the metering section. The general features of the apparatus with specimens
installed are shown in Figure 1. The apparatus can have an enclosure to exclude air exchange from enclosure
to ambient and be provided with additional edge guard heaters or a temperature controlled environment
around the specimen assembly.



