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PREFACE

International Energy Agency

In order to strengthen cooperation in the vital area of energy policy,
an agreement on an International Energy Programme was formulated among a
number of industrialized countries in November, 1974. The International
Energy Agency (lEA) was established as an autonomous body within the Or-
ganization for Economic Cooperation and Development (OECD) to administer
that agreement. Twenty countries are currently members of the IEA with
the Commission of the European Communities participating under a special
arrangement.

As one element of the International Energy Programme, the participants
undertake cooperative activities in energy research, development and
demonstration. A number of new and improved energy technologies which
have the potential of making significant contributions to our energy
needs were identified for collaborative efforts. The IEA committee for
energy research and development (CRD), assisted by a small Secretariat,
coordinated the energy research development and demonstration programme,

Solar Heating and Cooling Programme

In July, 1975 Solar Heating and Cooling was selected as one of the six-
teen technology fields for multilateral cooperation. the objective was
to undertake cooperative research, development, demonstrations and ex-—
changes of information in order to advance the activities of all par-
ticipants in the field of solar heating and cooling systems. Several
tasks were developed in key areas of solar heating and cooling. A for-
mal implementing agreement was prepared, covering the contributions,
obligations and rights of the participants, as well as the scope of each
task. The agreement has been signed by the seventeen countries and the
Commission of the European Communities. The overall programme 1is
managed by an Executive Committee, while the management of each task is
the responsibility of an Operating Agent who acts on behalf of the other
participants. The tasks of the IEA Solar Heating and Cooling Programme
and their respective Operating Agent {lead organization responsible for
the task) are:

I Investigation of the Performance of Solar Heating and Cooling
Systems — Technical University of Denmark,

IT Coordination of Research and Development on Solar Heating and
Cooling Components — Agency of Industrial Science and
Technology, MITI, Japan,

II1 Performance Testing of Solar Collectors - Kernforschungsanlage

Jtlich, Federal Republic of Germany / University College,
Cardiff, United Kingdom,
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v Development of an Insolation Handbook and Instrumentation
Package — United States Department of Energy,

v Use of Existing Meteorological Information for Solar Energy
Applications — Swedish Meteoro1og1ca1 and Hydrological
Institute,

VI Performance of Solar Heating, Cooling and Hot Water Systems
Using Evacuated Collectors - United States Department of
Energy,

VII  Central Solar Heating with Seasonal Storage - Swedish Council
for Building Research,

VIIT Passive and Hybrid SoTar Low Energy Buildings — United States
Department of Energy,

IX Solar Radiation and Pyranometer Studies - Canadian Atmospheric
Environment Service,

X Research on Materials for Solar Heating and Cooling Systems -
Agency of Industrial Science and Technology, MITI, Japan,

X1 Passive and Hybrid Solar Commercial Buildings — Swiss Federal
Office of Energy.

Collaboration in additional areas may be considered as projects are com-
pleted or fruitful topics for cooperation are identified.




Abstract

The test procedures and measurement techniques for optical, thermal,
mechanical, physical and chemical properties to evaluate material
performance, material reliability and for material durability among the
four designated solar materials categories such as window and collector
glazing, collector absorber, heat transfer media with or without addi-
tives and heat storage material were surveyed.

Evaluation and analysis of the state—of-the-art of materials testing and
measurement methods were prepared on the basis of the compiled one
hundred and thirty eight reports contributed by the participants.

Recommendations for interlaboratory testing, where required, to deter-
mine the durability of materials and to develop the data needed for the
development of new and/or modified testing and measurement methods are
emphasized.

(i14)




1.

INTRODUCTION

The objectives of this subtask are to determine the most ap-
propriate testing and measurement methods for evaluating the per-
formance of designated materials used in solar applications and to
hasten development and acceptance of testing and measurement
methods that are mutually acceptable to the participating countries.

Specific objectives are:

to identify existing test procedures and measurement
techniques for determining materials performance,
durability, reliability and safety,

to determine the use and limitations of currently avail-
able test procedures and measurement methods,

to recommend needed new and/or modified testing proce—
dures and measurement techniques.

The Test Procedures and Measurement Techniques Subtask consists of
the following activities:

(m

(2)

(3)

Establish Reporting Formats and Procedures

Based on previous IEA performance data tasks, develop, as
agreed, standard formats for reporting test procedures
and measurement techniques used by participating
countries to determine the performance, durability,
reliability and safety of designated materials used in
various solar heating and cooling appiications.

Identification of the State-of-the-Art of Test Procedures
and Measurement Techniques

Prepare a compilation of testing procedures and measure-
ment technigues used by participating countries to deter-
mine the performance, durability, reliability and safety
of materials used in various solar heating and cooling
applications. Performance measurements include the
thermal, optical and mechanical properties of materials,
as applicable. Both accelerated and abbreviated (short
term "real-time" exposure tests will be considered for
determining the durability/reliability of materials.

Evaluation and Analysis of the State-of-the-Art of
Materials Testing and Measuyrement Methods

The testing and measurement techniques will be analyzed
and evaluated to establish their use and limitations. A
report will be prepared identifying the use and limita-




tions of existing methods. This interim report will also
make recommendations for interlaboratory testing, where
required, to determine the reproducibility of measure-
ments and to resolve differences in methods, and to indi-
cate research required to develop the data needed for the
development of new and/or modified testing and measure-
ment methods.

(4) Technical Studies

Interlaboratory studies, identified in (3) above, will be
conducted, where required, both to determine the
reproducibility of testing and measurement methods and to
resolve differences and issues arising from comparisons of
existing procedures and techniques. Additional research
will be conducted, as needed, to develop the technical
basis for new and/or modified testing and measurement
methods. Reports will be prepared as required. It is an-
ticipated that each participating country will conduct
specific activities in this area.

(5) Recommendations for New and/or Modified Testing and
Measurement Methods

The technical studies conducted in (4) above, will be used
as the basis for recommendations for new and/or modified
testing procedures and measurement techniques.

(6) Participation in Subtask B Working Group Meeting

Participants are expected to send one or more
representatives, as necessary, to each working group
meeting. Representatives, when possible, should be those
individuals directly performing the work to be discussed
or reviewed at that particular meeting. It is anticipated
that two subtask meetings will be held per year, in con-
junction with the main Task X meeting.

Thus far, the Subtask B activity of the first phase is to survey
and review the test procedures and measurement techniques on solar
energy materials such as absorbers, glazings, heat transfer media
with or without additives and storage materials.

According to the agreement at the Workshop on Solar Energy
Materials Research held in Washington, D.C. in June, 1985, the lead
country has prepared the draft on research items on testing proce-
dures and measurement techniques for key solar energy materials of
four kinds. The draft was distributed to the Participants for
revision and approval by ballot in November, 1985. The target of
this draft is to review the present state-of-the—art of testing




procedures and measurement techniques of solar energy materials and
to prepare the matrix coding by which the participants might iden-
tify the problem areas and to encourage the discussions on future
cooperative works in this Subtask B.

Throughout the past two Expert Meetings both in Vienna in April,
1986, and in Madrid in October, 1986, the solar materials among
wide varieties were narrowed down as follows:

(1) Glazing

Glass:

Float, low iron and tempered
Insulating glass, role of sealants¥®

Plastics:

Polycarbonate

Polyethylene terephthalate (Polyester)
Polymethyl methacrylate (Acrylic)

Glass fiber reinforced polyester and acrylic
Polyvinyl fluoride®

Heat mirror (dielectric-metal-dielectric)

Optical switching materials:

Electrochromics

(2) Absorber:

Cermets including black chrome
(metal-metal oxide, metal-metal carbides)

Anodized nickel pigmented aluminum

Black Zinc-Zn0

Selective paints®

{(3) Heat Transfer Media with or without Additives

(4) Thermal

Ethylene glycol-water including inhibitors
Propylene glycol-water

Storage (PCM)

Salt hydrates

Sodium sulifate decahydrate
Calcium chloride hexahydrate
Pentaerythritol

High density polyethylene
Paraffins (alkanes)




The materials indicated with asterisk were recognized as being of
secondary importance. Some materials such as silica aerogels for
glazing, holographic films for glazing, reflector materials, and
chemical heat storage materials may be included in the specific
case studies in later projects. The criteria applied to the
materials selection were as followings:

(1) Interest for mahy-of the participating countries
(2) Existence of related on-going research

(3) Existence of technical information related with in-use
performance, testing and measurement techniques and aging
and degradation modes.

The Tist of items for the survey of the pfesent state-of-the-art of
test procedures and measurement techniques are indicated in the
Table 1.

The contribution of formatted reporting on this survey research is
shown in the tables prepared in such respective chapter as the
material groups together with the list of the contributors and the
titles of reports. ;

Evaluation and analysis of the state-of-the-art of testing proce-
dures and measurement techniques is followed by the introduction
for respective designated group of materials. As the result of
this evaluation and analysis, the areas required for the further
cooperative laboratory works are identified and those are shown in
the final part of the respective group of materials.

The 138 formatted reports from participants are compiled in the Ap-—
peadix I for four designated material groups and the survey re-
search items, respectively. The designation shown in the respec-
tive report has the meaning listed in Table 2. In some cases, the
combination of the symbol can be used, if the described test proce-
dures and/or measurement techniques can be applicable for different
materials categories, properties to be tested or measured, or
category of standardization.




I.

Table 1. The List of Research Items

Absorber

(a) Optical Properties
(i) Solar absorptance
(i1) Emittance at a designated temperature

(ii1) Reflectance

(b) Thermal Properties

(i) Heat conducting properties (Heat conductivity, etc.)

(c) Physical Properties

(i)  Coating (mechanical strength: resistant to crazing,
checking, cracking, flaking, peeling (delamination))

(i1)  Substrate (mechanical strength: resistant to bending,
compression, etc.)
(d) Durabitity
(i) Durability to a stagnation temperature

(ii) Durability to a designated constant temperature
(thermal degradation)

(iii) Durability to heat cycles
(iv) Durability to thermal shock

{v) Durability to the exposure to solar radiation under
or without cover plate

(vi) Durability to moisture and/or dew

(vii) Durability to the specific atmospheric conditions
(including vacuum condition and polluted air condition)

{viii) Durability to salt water, acids or bases

(ix) Durability to mixed environmental conditions such as
elevated temperature, solar radiation, moisture, etc.

- continued -




II. Glazing

(a) Optical Properties

(4)
(19)

Solar absorptance

Solar transmittance

(iii) Reflectance

(iv)

Emittance at a designated temperature

(b) Thermal Properties

(1)
(i1)

Heat conductivity

Heat transfer coefficient

(c) Physical Properties

(1)

(i)
(ii1)

Mechanical strength: tensile properties, dimensional

stability, etec.
Flammability of plastic glazing
Physical properties on optical switchable materials

a) Drive voltage and power consumption of electro
chromic materials

b) Switching temperature of thermo chromic materials

c) Switching Jight intensity of photo chromic
materials

d) Response speed and optical change ratio

(d) Durability

(i)
(i1)
(ii1)
(iv)
(v)

Durability to a stagnation temperature

Durability to a designated constant temperature
(thermal degradation)

Durability to the exposure to solar radiation
Durability to thermal shock

Durability to heat cycles

— continued -
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(vi) Durability to moisture and/or dew

(vii} Durability to the specific atmospheric conditions
(including vacuum condition and polluted air condition)

(viii) Durability to salt water, acids or bases
(ix) Durability to mixed environmental conditions such as

elevated temperature, solar radiation, moisture, etc.

Heat Transfer Medium with or without Additives

(a) Thermal Properties
(i) Heat conductivity
(i1) Specifiq heat
(iii) Latent heat (in the case of phase change heat transfer
medium)
(b) Transporting Properties
(i) Specific volume

(i1)  Kinematic viscosity or coefficient of viscosity

(¢) Reliability
(i) Selidifying point
(ii) Boiling point
(iii) Flashing point

(iv)  Toxicity and human hazards

(d) Durability

(i) Stability of chemical composition and structure during
the applied temperature elevation and heat cycles

(ii) Corrosive effect on the materials (metal, plastic, and
rubber as sealant, etc.) used in the transfer loop

(iii) Durability to the exposure to solar radiation (if the
heat transfer medium having the function of the direct
solar—-thermal conversion material in such a case of
solar pond and black liquid tubular collector)

- continued -




IV. Storage Material

(1) Latent heat storage materials
(a) Thermal Properties

(i) Phase change temperature (solidifying point, melting

point)
(i) Latent heat
(iii) Specific heat
(iv) Heat conductivity
(v) Heat diffusivity
(vi) Density of solid phase
(vii) Density of liquid phase
(b} Reliabildity
(i) Vapor pressure at a designated temperature
(i1} Ignition point
(iii) Ftlash point
(iv) Content of toxic material
(v) Toxicity and human hazards (toxic)

{c) Durability
(i) Durability to heat cycles

(ii) Durability at a designated temperature
(thermal degradation, chemical stability)

(ii1) Corrosive effect on the container vessel




Table 2.

Meaning of Designation

(I) Material category

(11)

Symbol Meaning
AC - Absoprber Coating
AS Absorber Substrate
A Absorber not identified both in AC and AS
category
GC Glazing Coating
GS Glazing Substrate
G Glazing not identified both in GC and GS
category
HWA Heat transfer medium with additives
HWNA Heat transfer medium without additives
SS Sensible heat storage material
SL Latent heat storage material
SD Desiccant material
Properties to be tested or measured
Symbol - Meaning
0 Optical properties listed in the attached list-
T Thermal properties Tisted in the attached list
R Reliability/service requirement properties
Tisted in the attached list
D

Durability listed in the attached Tist

(II1) Standardized testing/measurement or 1éboratory method

Symbol Meaning
5T Standardized method
LA

Laboratory method




I. GLAZING MATERIALS (Glass and Plastic)

Introduction

For glazing materials used in solar applications, glass and plastics
are popular and optical and physical properties of these materials
have to be known.

Especially, in plastics and some kinds of glass, it is very impor-
tant to estimate durability of these materials.

In this document following materials are taken into account.
(1) Raw glass and plastics
transparent glazing, heat absorbing glazing
(2) Coated glazing
heat reflective glazing, low emissive glazing
(3) Optical switchable glazing

electro chromic glazing, thermo chromic glazing, photo chromic
glazing

(4) Other glazing

thermal insulation glazing, (double glazing), photo chromic
glazing

Testing and measurement methods for these properties were proposed
from the Task X Participants. This document provides summary of
these methods and standardized methods due to JIS (Japan Industrial
Standard) and ASTM (American Standards of Testing Materials).

The titles of the reports and grouping of the reports are shown in
the supplemental tables. Regarding optical properties, 9 reports
were proposed. Besides, more than 10 reports were contributed on
absorber materials. Basically these measurement metheds of optical
properties are quite similar and seem to be classified to two types.
One is spectral method and the other is thermal method. Former one
is well established and standardized.

In addition to the recent state—of-the-art of development of the
standard methods for measuring the solar optical properties of
materials such as spectral transmittance, reflectance and ab-
sorptance between 320 and 3,000 nanometers in wavelength, and total
radiant and luminous transmittance and reflectance, it is informa-
tive to give the short description of ASHRAE standard which is now
drafting and being not reported in this working document. This
standard includes the method to measure spectral absorptance,




reflectance and transmittance of materiais using spectrophotometers
equipped with integrating spheres and the other method to measure
solar transmittance (terrestrial) and solar radiant/luminous reflec-
tance of materials using either a pyranometer or photometer, an
enclosure, and the sun and sky as the source of radiation. The
first method can be applicable to materials having both specular and
diffuse optical properties. For transmitting sheet materials that
are inhomogeneous, patterned, or corrugated, the second method in
which both normal incidence and angles other than normal incidence
are applied can be preferable.

Regarding thermal properties, 1 report was proposed, and it is a
standard test method in ASTM.

Regarding physical properties, 7 reports were proposed on only
mechanical strength. Generally, mechanical strength and flam—
mability test are standardized in ASTM and/or established as a well
known laboratory test.

Regarding durability, 12 reports were proposed on glazing materials,
and more than 10 reports were proposed on absorber materials and
some of them seem to be useful for glazing materials. They are
mostly based on standardized test methods in ASTM and/or JIS.

But the problem is that there isn't any evaluation procedure for an

accelerated durability test and it is important to cooperate works
with other subtasks.

- 11 -




Respective Test Procedures

To evaluate the performance of glazing materials used in solar

applications, following properties and durability have to be known.

(a) Optical properties

(i) Solar radiation transmittance, absorptance and reflec—
tance

(ii) Emittance at a designated temperature

(b} Thermal properties
(i) Heat conductance
(ii) Heat transfer coefficient

(iii) Thermal expansion

(c) Physical properties
(1) Mechanical strength
(1) Wind load
(ii) Smow deposition load
(iii) Hail impact
(iv) Tensile strength

{(v) Bending strength
(2) Flammability of plastic glazing

(3) Physical properties on optical switchable materials

(i) Drive voltage and power consumption of electro chromic
materials

(ii) Switching temperature of thermo chromic materials
(iii) Switching light intensity of photo chromic materials

{(iv) Response speed and optical change ratio

- 12 -




(d) Durability

(a)

(i)
(i)
(ii1)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)

(1)

Stagnation temperature
Designated constant temperature
Exposure to solar radiation
Thérma1 shock |
Heat cycle

Moisture and/or dew

Specific atmospheric conditions
Salt water, acids or bases

Mixed environmental conditions
{elevated temperature, solar radiation, moisture, etc.)

High voltage for electro chromic materials

Electrical, thermal or 1ight ON-OFF cycle

Optical properties

Solar radiation transmittance, absorptance and
reflectance

1) Method using a spectrophotometer (Report No. 1, 2, 15,

22, 23, 24, 29 and 30)

Spectral transmittance and reflectance are measured by
using a scanning spectrophotometer with an dintegrating
sphere to take account of the contribution due to dif-
fused ray. :

Solar radiation transmittance and reflectance are
obtained by calculation weighting spectral transmit-
tance and reflectance with intensity distribution of
solar energy. Solar radiation absorptance is calcu-
lated from transmittance and reflectance.

This method is standardized in JIS (R-3106) and ASTM
(E-424 and E-903).

Precision of this method is within 2% of full range.
It is possiblie to determine the spectral transmittance

and reflectance of multiple glazing units by calcula-
tion using above values.

- 13 -



2)

Calculation method is standardized in DIN 67507 and
1S0/TC 160/GT2.

Method using a pyranometer

This method is applicable only for measurement of
transmittance. Actual solar radiation is measured by
a pyranometer settled in a box which can support large

specimen and can face every directions and is painted
flat black.

This method is standardized in ASTM (E-424).

Precision of this method is within = 1Z.

(ii) Emittance

1)

2)

Reflection.method (Report No. 3, 26 and 31)

Spectral reflectance and transmittance of specimen at
a designated temperature are measured by a spectro-
photometer. From these data reflectance and normal
emittance against heat flux are calculated.

This method is standardized in JIS (R-3106).

Precision of this method is within 22 of full range.

Radiometric method (Report No. 4, 25 and 32)

Samples and high-emitting reference are mounted on a
turnable, electrically heating device. The radiation
emitted by them is directed to the spectrometer system,
that means the samples act as radiation source.

Precision of this method is within * 37 of full range.

(b) Thermal properties

(i)

(i1)

Heat conductance
No report was proposed.

Testing method is standardized in JIS (A-1412 and 1413)

Heat transfer coefficient

No report was proposed.

- 14 -




(iii) Thermal expansion

No report was proposed. But test method for absorber
is available for glazing.

This method uses a thermomechanical analyzer or similar
device to determine the linear thermal expansion of
solid materials.

Changes in specimen length are electronically recorded
as a function of temperature.

Precision is from 2% to 154.

This method is standardized in ASTM (E-831).

(c) Physical properties

(1) Mechanical strength

(1)

(i1)

(iii)

(iv)

Wind load

No report was proposed.

Snow deposition load

No report was proposed;

Impact strength (Report No. 9)

1) Impact strength of sheet glass using steel ball

This test is applied to tempered sheet glass.

A designated (weight and shape) steel ball is dropped
on the center of sample from various height in order
to know breakage height. this test method is stan-
dardized in JIS (R-3206) and also impact test with
propelled ice balls is standardized in ASTM (E-822).

Tensile strength (Report No. 16, 17, 19 and 21)

Using tensile testing machine, uniform and constant rate
increase of stress is added on a sample to determine the
stress/strain characteristics and the point of failure.
Alsc test conditions are defined.

Testing method is standardized in JIS (K-7113) and ASTM
(D-618, D-638, D-794 and D-882).

-15 -




(v)

1

2)

Bending strength

Four point bending test (Report No. 7)

This test is used for measuring static surface strength
and edge strength of sheet glass. A narrow piece of
glass is set on a pair of knife edge supporting block,
and loaded on the center with a pair of knife edge
loading block.

Using the Toad at breakage point, breakage stress can
be calculated by means of bending stress formula.

This test is standardized in ASTM (C-158)

Ring on ring bending test (Report No. 8)

This test is applied to measure static surface strength
of sheet glass. Samples are set on a supporting ring
(outer ring) and concentrically loaded with a loading
ring (inner ring). Breakage strength can he calculated
by means of bending stress formula.

(2) Flammability of plastic glazing

No report was proposed.

Testing method is standardized in JIS (A-1321 and A-1322)

(3) Physical properties on optical switchable materials

(i)

(i)

(iii)

Drive voltage and power consumption of electro chromic

materials

No report was proposed, but it is easy to know them by
using electric apparatuses.

Switching temperature of thermo chromic materials

No report was proposed but it is easy to know it by
using temperature controlied box. '

Switching 1light intensity of photo chromic materials

No report was proposed but it is easy to know it by
using light source and light intensity meter.

- 16 -




(iv)

Response speed and optical change ratio
No report was proposed.

As to photo chromic materials it is quite difficult to
know optical change ratio.

(d) Durability

(1)

(i)

(i)

(iv)

Stagnation temperature (Report No. 14 and 27)

Flat plate coliector is exposed to the natural weather
environment at temperaturs of stagnation conditions and
is kept less than 1.5 W/m* heat loss.

This method is standardized in ASTM (E-881 and E-781).

Proposed method for absorber materials is also
available.

Designated constant temperature (Report No. 13)

Flat plate collector is exposed to the natural weather
environment in the operational condition. This method
is standardized in ASTM (E-782).

Exposure to solar radiation (report No. 5, 6 and 35)

This test is defined as examining the change in the
performance by exposing the test piece outdoor under
natural conditions. Azimuth of exposure surface is
0 degree and tilt angle is 30 to 35 degrees.

This test method is standardized in JIS (A-1410 and
A-1411).

Same test using weathering box is standardized in ASTM
(E-782) and accelerated test using concentrated sunlight
is standardized in ASTM (E-838).

"Thermal shock test (Report No. 10)

Test machine has three independent chambers which keep
high, intermediate and low temperature respectively.

Samples are moved to these chambers in designated

- schedule. . Temperature setting depends on material,

(High temperature : 60 — 250 °C, intermediate tem-
perature : room temperature, low temperature :
-10 - =70 °C)

- 17 -




(v)

(vi)

(vii)

(viii)

(ix)

Heat cycles test (Report No. 11)

Scheduled heat cycles of ambient condition which simu-
late extreme day and night temperature difference are
given to samples.

Temperature range is —40 to 80 .

Moisture and/or dew
No report was proposed.

Proposed methods for absorber materials are available.

Specific atmospheric conditions
No report was proposed.

Proposed method for absorber materials is available.

Salt water, acids or bases
No report was proposed.

Proposed methods for absorber materials are available.

Mixed environmental conditions (Report No. 12, 18, 20,
28, 33 and 34)

Samples are exposed to measured quantities of ultra-
violet radiation within a climatic cabinet. The test
environment maybe altered to allow different conditions
of temperature and/or humidity to be maintained through-
out the exposure period.

This method is standardized in ASTM (G-53).

In the case of report No. 12, evaluation of degradation
by tensile test machine after and before exposure to
high temperature and xenon arc light is shown. This
method is standardized in ASTM (E-765).

In the case of report No. 18 and 20, evaluation of
dimensional changes at elevated temperature and
accelerated service conditions are shown.

" These methods are standardized in ASTM (D-1204 and

D-1042). S
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(x) High voltage for electro chromic materials

No report was proposed.

(xi)} Electrical, thermal or light ON-OFF cycle

No report was proposed.
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Proposal on Future Cooperative Works

Regarding optical switchable material properties, there isn't any
report and standard. Especially durability of these materials is
quite important and it is necessary to research the test and evalua-
tion methods for these new materials in solar applications in
future.

We propose the followings as future cooperative works.

For example.

(1) Accelerated durability test methods for electro, thermo and
photo chromic materials.

(2) Measurement methods and discrimination methods of degradation
of electro, thermo and photo chromic materials.

- 20 -
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IT. ABSORBER MATERIAL

Introduction

Test methods for absorbers on optical properties, thermal
properties, service requirement and durability are reported from
many countries,

The number of the reports from each country is shown in "Reports
contributed by the Subtask B Participants”.

In this table, the reports on absorber materials are counted up
to 42.

Classification of collected reports is shown in Table 1, classified
as laboratory born method or standard method according to the
respective terms (optical properties, thermal properties, service
requirement properties and durability).

Figures inserted in Tables 1, 2 and 3 coincide with the numbering on

the Title and Reporter's name in Table 4.

1) Laboratory method and standard method

"Report Contributed by the Subtask B Participants" in Table 1
shows that the number of laboratory method is much more than
that of the standard method.

However, by the referred document in several reports, each test
is closely related to systems with reference to standard method

(ASTM, DIN, etc.). (Report No. 1, 3, 9, 10, 14, 18, 189, 20,
22, 23, 24, 31, 32 and 33)

ASTM is referred as the standard method of optical property
(No. 41, 42, 44, 45, 46 and 47), some of Taboratory methods
refer to these reports for example, (i) solar range (spectral)
refers to ASTM E 903 (No. 3 and 10) or DIN 5033 (No. 1),

(i1i) thermal range (total) refers to ASTM E 408 (No. 9).

About durability, JIS and ASTM are reported from Japan, Sweden

and U.S.A. But, for the most part, a laboratory method is taken

up at this moment.

2) Tendency of reports
It is shown in Table 1 that much more descriptions on optical

property and durability are reported, while those on thermal
property and reliability/service are scarcely found.
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Reliability/service signifies the test method about service

requirement properties for coating (mechanical strength;
resistant to crazing, checking, cracking, flaking and peeling
(delamination)), and for substrate (mechanical strength;
resistant to bending, compression, etc.) there is only one
report, JIS K 5400 (Testing Method of Strike Transformation for
Coating Films)(No. 14).

On thermal property four reports are found. Three reports
(No. 55, 56 and 57) are common tests about all materials used
in solar applications. Another report is the heat-resistance
test of solar ahsorber surfaces.

Respective Test Procedures

Reports requested to the participants are listed as the following
optical, thermal and reliability/service properties and durability.

{(a) Optical properties

(1) Solar range, spectral
(ii)  Solar range, total
(iii) Thermal range, spectral
(iv) Thermal range, total

(b) Thermal properties

(i) Thermal conducting properties (thermal conductivity,
etc.)

(c) Reliability / service

(i) Coating (mechanical strength: resistant to crazing,
checking, cracking, flaking and peeling (delamination})

(ii)  Substrate (mechanical strength: resistant to bending,
compression, etc.)

(d}) Durability

(i) Durability to stagnation temperature

(ii) Durability to a designated operating constant tem-
perature (thermal degradation)

(iii) Durability to heat cycles

(iv)  Durability to thermal shock

(v) Durability to the exposure to solar radiation under
or/and without cover plate

(vi) Durability to moisture and/or dew
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(a)

(vii) Durability to the specific atomospheric conditions
(including vacuum condition and polluted air condition)
(viii) Durability to salt water, acids or bases

(ix) Durability to mixed environmental conditions such as

elevated temperature, solar radiation, moisture, etc.

Optical properties

(i) Solar range — 15 reports

The measuring principle described in 13 reports is based on
spectroscopic method. The measuring principles in other two
reports are different from each other. One is the method to
measure the total (wavelength integrated) solar reflectance
by use of optical integrating sphere coupled with tungsten-
halogen Tamp as a solar simulator lamp. The solar reflec-
tance is evaluated from the ratio between the total amount
of reflected rays from the specimen for the incident rays
from the Tamp and those from the standard sample such as
metal coated mirror, BaS0, plate and black mat painted
specimen. The other is based on calorimetric measurement
(ASTM E 434-71). This describes measurement of the radia-
tive heat gains and losses from the specimen in vacuum
coupled with cold shroud under the illumination of the
sample by a equipped solar simulator.

{(ii) Thermal range - 13 reports
There are four methods in the principle of measurement.

1. Emittance determined by measuring spectral reflectance

2. Emittance determined by radiative measurement of the
spectra of heated samples

3. Emittance determined by measuring the radiation from
the samples as the electromotive force

4. Emittance determined by measuring temperature of
heated samples in vacuum solar simulator (calorimetric
method)

In these reports relations between the emittance and the
radiation angle are described on following items.

1. Normal emittance
2. Angular dependence at the angular range from 0° to 70°

Using integrated sphere
Integrating emittance measured each 5% intervail
over all emitting angles from 15° to 75°

In all reports, each accuracy is not exceeding 5 Z.
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This result means that these methods are practical and

relevant.

(b) Thermal properties - 4 reports

T.
2.
3.

Determination of heat of fusion and crystallization by

differential scanning calorimetry.
Determination of melting and crystallization temperatures by

thermal analysis.

Determination of the linear thermal expansion of solid

materials by thermodilatometry.

(c) Reliability / service — 2 reports

(d)

One is a testing method of strike transformation for coated

films.

other is a climatic cycle test.

Durability - 24 reports

This report is referred to JIS (Japan Industrial
Standard) K 5400, "Testing Methods for Organic Coating".

The

Evaluation of the test results in all reports is made by measur—
ing the change of the optical property (the absorptance and the
emittance) prior to and after the applied testing.

As far as concerned with the respective items listed, we have

several reports.

tions applied among those reports.

It is difficuit to extract the common condi-

We have 10 reports entitled as "the durability to moisture
and/or dew" which are the highest number among the reports.
For such testing items ambient temperature, relative humidity,
and test period are very important facters, and the following
conditions are found in the contributed reports.

No.t Ambient temp. | Relative humidity | Test pericd
1 90 °C 95 7 10 weeks
2 25 °C 100 % 4 weeks
3 23 °C 95 % 6_weeks
4 50 °C/95 °C 100 7% 4 weeks
5 49471 °C 95 % 7

6 50 °C 98 7 1,000 hours
7 90 °C 95 % 30 days

- 29 -




A1l of the test methods are classified into 6 items, which are
thermal property, moisture and/or dew, specific atomospheric

conditions, salt water spray, outdoor test, and mixed environ-
mental conditions (Table 3).

Some reports are referred as the industrial standards.

3. Proposals on Future Cooperative Works

As for the cooperating works, we propose the accelerated aging test
at constant temperature for solar absorber coatings.
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ITI. HEAT TRANSFER MEDIA WITH OR WITHOUT ADDITIVES

Introduction

Many solar systems employ a closed Toop circulation with some kind
of heat transfer fluid for transferring heat from the coliectors to
the storage tank. Low freezing point fluids such as propylene
glycol or ethylene glycol solutions, silicone oils, fluorocarbons,
etc. have been used as heat transfer fluids to avoid the freezing
problem.

In the Subtask B activity of the first year, test procedures and
measurement techniques were surveyed to identify the present state-
of-the—art and reviewed, but evaluation of additives to avoid cor-
rosion was excluded.

We have 31 reports of testing method on heat transfer medium col-
lected from F.R.G., U.S.A. and Japan (F.R.G.: 8 reports, U.S.A.: 22
reports, Japan: 8 reports). These reports are classified to three
categories. The first refers to thermal and transport properties,
the second to physical properties and the third to durability.

Each of them is concerned with followings:
(1) Thermal and transport properties:

a) Heat conductivity

b) Specific heat

c) Specific volume

d) Kinematic viscosity or coefficient of viscosity

(2) Physical properties

a) Solidifying point (freezing point)
b) Boiling point

¢) Flashing point

d)} pH and alkalinity

(3) Durability
a) Stability

b) Corrosive effect on the materials

As widely used evaluation methods have already been established to
some extent in regard to thermal properties of heat transfer medium,
these methods can be applicable to those of solar system.

Three reports collected are concerned with the evaluation method of

a solar system, but the kind of heat transfer medium raised here is
rather limited.
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Respective Test Procedures

The performance and reliability of closed systeéms are considerably
affected by degradation of heat transfer fluid and corrosion of
materials exposed to it.

Important properties of heat transfer fluid to determine the perfor-
mance and reliability are:

(a) Thermal properties

(i)  Heat conductivity

(ii) Specific heat

(iii) Latent heat (in the case of phase change heat transfer
medium)

(b) Transporting properties

(i) Specific volume
(ii) Kinematic viscosity or coefficient of viscosity

(c) Reliability

(i) Solidifying point

{(ii) Boiling point

(iii) Flashing point

(iv) Toxicity and human hazards

Moreover, some accelerated and simplified tests are required to
determine durability.

We introduce three reports of test procedures on 1ife prediction,

(1)

(2)

Aging of aqueous fluids and internal corrosion of solar
systems:

Electrochemical check is applied for the detection of
undesirable changes of the properties of the heat transfer
media after a period of time. This is Tafel's extrapolation
method on heated rotating—cylinder-electrode through electrical
polarization by computerized potentiostat-galvanostat at 30 C
through 130 °C.

Weight loss or pitting depth, and surface state of the samples
must be taken into consideration.

Testing method for thermal stability of chemical structure of
propylene glycol:

50 Vol 7 propylene glycol aqueous solution 700 ml is con-
tinuously heated at 105%1 °C during 16 weeks in deaerated
condition, and then the change of both pH and infrared spectrum
are checked. Both the degree of pH decrease and of the in-
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frared spectrum change indicate the degradation of propylene
glycol solution.

(3) Corrosion test for heat transfer medium in glassware:

Tested metal specimens are placed in the test solution 750 ml
consisted of city water and heat transfer medium by equivalent
volume. They are continuously heated at 88%2 °C during 336
hrs. in constant aerated condition of 100+10 ml per min. cor-
rect corrosion weight changes of individual specimens to
nearest 0.1 mg for each test must be measured to know the cor-.
rosion inhibitive properties of test solution.

Proposals to Future Cooperative Works .

According to the reports No. 1 - No. 6, present testing and
measurement methods for evaluating the properties of heat transfer
media are appropriate and practical in solar application.

Therefore, the performance, reliability and safety of heat transfer
media can be determined with the present testing procedures.

But the durability is not determined with sufficient accuracy be-
cause the available information is scarce.

In general, more than 10-year life is required for a solar system,
so that there is need for some kinds of accelerated test to deter-
mine the durability of it.

The reports No. 7 — No. 9 suggest the methods of accelerated and
simplified tests to determine the durability.

When these methods are applied to the heat transfer media used in
solar systems, it is important that the coefficient of correlation
between these tests and actual use is obtained.

Therefore, the following future cooperative works associated with
heat transfer media are suggested:

{(a) Identification of the coefficient of correlation between
actual use and accelerated tests.

(b) Establish available accelerated testing methods.for determin—
ing durability.
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IV. THERMAL ENERGY STORAGE MATERIALS

Introduction

At the Tast expert meeting in Vienna it was determinéd to take up
PCM and chemical storage materials for thermal energy storage
materials and desiccant materials.

We have collected twenty reports on testing and measurement methods
for thermal properties, reliability and durability of latent heat
thermal storage materials.

The titles of the reports and grouping of the reports are shown in
the supplemental tables respectively.

There are many reports regarding thermal properties (one or more
reports for almost every item), but few concerning reliability and
durability. The greater part of the reports is from Japan (10
reports) and U.S.A. (7 reports). From other countries three reports
are contributed. There are twelve standardized methods based on JIS
(Japan Industrial Standard) and ASTM about thermal properties and
reliability.

There are not many reports which mention the precision of the test
method, but some reports on thermal properties or reliability refer
to their precision. As most of these test methods are standardized
in JIS or ASTM, the precisions indicated in these reports would also
be enough for industrial use.

Respective Test Procedures

Important properties to evaluate the performance of Tatent heat
thermal storage materials are shown in the following list:

(a) Thermal Property

(i) Phase change temperature
(ii)} Latent heat

(iii) Specific heat

{(iv) Heat conductivity

{(v) Heat diffusivity

(vi) Density of solid phase
(vii) Density of liquid phase

(b) Reliability

(i) Vapor pressure at a designated temperature

- 48 -




(ii) Ignition point

(iii) Flash point

(iv) Content of toxic materials

(v) Toxicity and human hazards (toxic)

(c) Durability

(i) Durability for heat cycles.

(ii) Durability at a designated temperature (thermal
degradation, chemical stability) _

(iii) Corrosive effect on the container vessel

(a) Thermal Property
(i) Phase change temperature
(Melting point: Report No. 1 and 18)

Melting point is defined as the temperature or the range
of temperature where the solid sample fully melts. The
sample in a capillary glass tube is heated in a bath and
the melting point is determined from the temperature at
which the solid sample disappears. This method is
standardized in JIS (JIS K 0064).

Method of determining the melting point of waxes is
reported in Report No. 18. This method is characterized
by using a microscope to observe melting, and is
standardized by ASTM (ASTM F 766). Precision of repeat-
ability is less than 2 °C.

(Freezing point: Report No. 2)

. Freezing point is measured by cooling the material in
the bath of water, ice, or mixture of water and sodium
chloride. By measuring the temperature change of the
material, freezing point is determined from the tem-
perature where the falling rate of temperature changes.
This method is standardized in JIS (JIS K 0065). Pre-
cision of repeatability is less than 0.2 °C.

(Thermal analysis: Report No. 15)
Transition temperatures such as the melting and crystal-
lization temperatures of materials can be determined by

differential scanning calorimetry (DSC) and differential
thermal analysis (DTA).
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The method consists of heating or cooling the test
material at a controlled rate in a controlled atmosphere
through the region of a transition, such as fusion or
crystallization. The difference in heat-flow or tem-
perature between the test material and a reference
material due to energy changes in the material is con-
tinuously monitored and recorded. Absorption or release
of energy results in endothermic or exothermic peaks.
From the resultant curve, melting and crystallization
temperatures are measured.

(ii) Latent heat
(Differential scanning calorimetry: Report No. 3 and 14)

By heating a sample and the standard material
separately, the difference of heating energy required to
equalize the temperature of both the sample and the
standard material is measured. From the measured
energy, the phase change energy of the sample can be
calculated.

Precision is typically 5 Z.

This method is standardized in ASTM (ASTM E 793 and
D 3417).

(Quantitative DTA: Report No. 11)

A heat flow sensor is mounted on a metal block. This
metal block can be warmed up or cooled down with a con-
stant heating/cooling rate. - On the heat flow sensor a
platform is mounted on which a sample holder can be
placed. The heat necessary for the filled or unfilled
sample-holder to follow the temperature of the block is
measured directly by the heat flow sensors. The metal
block is in principle provided with two heat flow sen-
sors with platforms. On one of them an empty sample
holder is placed, on the other a sample holder filled
with sample-material. The difference between thus
measured heat flows corresponds to the net heat flow to
the sample.

The heat effect like melting, solidification, hydrating,
etc. can be quantified by determining the energy which
corresponds with the area size between the heat effect-
curve and the interpolated specific heat—curve between
beginning and end of the effect (the base-Tine).

(iii) Specific heat

(Adiabatic scanning cé]orimetry: Report No. 4)
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A sample cell is thermally insulated from the
environment. In order to achieve this condition a ves-
sel which contained the cell is heated to the tempera-
ture same to that of the sample. The specific heat of
the sample is determined from the ratio of the heating
energy and the temperature rise multiplied by the weight
of the sample.

Precision of the method is less than 3 Z.

(Quantitative DTA: Report No. 11)

Principle of the instrument is described above ((a)-
(ii)). From the recorded curve, the known calibration-
value of the heat flow-sensors, and the weights of the
samples, the specific heat can be calculated.

(iv) Heat conductivity

(v)

(Solid storage materials: Report No. 5)

A sample is heated stepwise by light emitted from a
Xenon arc lamp. the heat diffusivity of the sample is
determined from the temperature variation of the sample.

Since the measurement is carried out in vacuum, the heat
loss can be neglected under temperature of 400 °C.
Therefore the high precision is expected. The time of
measurement is usually a few seconds.

(Liquid storage materials: Report No. 8)

A sample in a metal container is heated stepwise by
light emitted from a halogen lamp. The heat diffusivity
of the sample is determined from the temperature varia—
tion of the container. since the measurement is carried
out 1in vacuum, the heat loss can be neglected under tem-
perature of 400 °C. Therefore the high precision is
expected. The time of measurement is usually a few
seconds.

Heat diffusivity: No reports

{(vi) Density of solid phase

(Report No. 7)

The specific gravity of the storage material is measured
with the use of a specific gravity bottle. The density
of water at 4 °C and 1.013250 bar.
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Precision of repeatability is less than 1 with the least
significant digit. This method is standardized in JIS
(JIS Z 8807). _

(vii) Density of liquid phase
(Report No. 8 and 20)

The specific gravity of the storage material is measured
with the use of a specific gravity bottle. The density.
of the material is equal to the specific gravity multi-
plied by the density of water at 4 °C and 1.013250 bar.

Precision of repeatability is less than 0.0002.
This method is standardized in JIS (JIS Z 8804).

Similar methods using a hydrometer or a pycnometer are
reported in Report No. 20. These methods are standard-
ized by ASTM (ASTM D 891).

(b) Reliability

(i) Vapor pressure at a designated temperature: No reports.

(i1) Ignition point
(Report No. 19)

The autoignition temperature is the lowest temperature
at which a flame and a sharp rise in temperature occur
when a chemical is inserted into a heated glass flask
containing air at a predetermined temperature. Hot-
flame temperatures are evidenced by the sudden ap-
pearance of a flame and a sharp rise in temperature.
Cool-flame ignitions are evidenced by small sharp rises
in temperature and a faint, pale blue luminescence or
flame.

This method is standardized by ASTM (ASTM E659).
Precision of repeatability is less than 2 Z.
Precision of reproducibility is less than 5 Z.
(iii) Flash point
(Cleveland open method: Report No. 9)

This method is applied for materials flash points of
which are higher than 80 °C.
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. Sample contained in an open cup is heated at a defined
rate of temperature rise. In the vicinity of the flash
point, a defined size of small fire is passed over the
cup ever 2 °C temperature rise. Then the lowest tem-
perature where the sample flashes is measured.

This method can be also applied for measurement of burn-
ing point where a sample burns continuously.

Precision of repeatability is less than 8 °C.
Precision of reproducibility is less than 16 °C.

This method is standardized in JIS (JIS K 2265).

(Tag closed tester: Report No. 16)

This test method covers the determination of the flash
point, by Tag closed tester, of liquids with a viscosity
of below 5.5 ¢St at 40 °C, or below 9.5 ¢St at 25 °C,
and a flash point below 93 °C with the exception of cut-
back asphalts, those liquids which tend to form a sur-
face film under test conditions, and materials which
contain suspended solids.

The principle of the method is the same as above method.

Precision of repeatahility is less than 1.1 °C for 60
°C or 1.7 °C for 60 ~ 93 C.

Precision .of reproducibility is less than 3.3 °C for
13 °C and 60 ~ 93 °C, or 2.2 °C for 134 ~ 59 °C.

(Pensky-Martens closed tester: Report No., 17)

These test methods are primarily used to determine the
flash point of liquids that either have viscosities more
than 5.5 ¢St at 40 °C, or 9.5 cSt or more at 25 °C, or
that have a flash point greater than 93 °C, or that con-
tain suspended solids or tend to form a surface skin
under test conditions.

The principle of the methods is the same as above two
methods.

These methods are standardized by ASTM (ASTM D 93).

Precision of repeatability is less than 5.5 °C for any
case. o

Precision of reproducibility is less than 10 °C for any
case.
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(iv) Content of toxic materials: No reports.

(v) Toxicity and human hazards (toxic): No reports.

(c) Durability
(i) Durability for heat cycles
(Report No. 10)

A storage material contained in a container is cyclical-
1y heated and cooled in a water bath. During the test
the temperature of a material is measured to assure the
durability in a desired testing condition.

The upper temperature of the heat cycle must be higher
than the phase change temperature of the materials and
it is the same for the lower temperature of the heat
cycle to some extent.

The durability of a material is evaluated in terms of
thermal properties, such as specific heat, latent heat,
phase change temperature, chemical composition, and so
on.

(Report No. 13)

As for the salt hydrates, detailed procedure is
reported. Possible phenomena that influence on the long
time behavior of a particular PCM (salt hydrate) are:

Chemical degradation

Interaction with container materials
Segregation

Undercooling

To investigate the influence of these phenomena on the
PCM, the aging test is carried out on several samples of
1 - 4 kg PCM, packed in steel tube containers that are
sealed by means of welding.

To examine the influence of gravity on segfegation one
sample is placed vertically, one horizontally, and one
vertically with turning it upside down every 14 days.

The temperature of the samples is cycled, as such 4

hours high, 4 hours low, etc. and the heat input and
output are continuously measured.
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The results are latent heat values as a function of time
and number of cycles. One year aging test = 1,000
cycles gives a good prediction of the Tong time behavior
if the cycling is the dominant aging factor (this is
expected for salt hydrate PCM's). However, if the total
time on high temperature is most important, tests have
to be even longer to predict the behavior of the PCM
during the storage life time. Shorter testing by using
higher temperatures seem to be not feasible because then
new physical and chemical problems are introduced.

(Report No. 12)

A rapid experimental procedure for investigating the
suitability of salt hydrates to be used in chemical heat
pumping is proposed. Thermogravimetry under controlled
water vapor pressure is utilized as the key diagnostic
method. The test procedure relied largely on two criti-
cal tests, namely a cycling and a inhibition test. The
former gives information on the stoichiometic revers-
ibility and hysteresis between the dehydration and
rehydration branches, while the inhibition test yields
more quantitative information about the extent of

inhibition. The latter represents a source of irrevers- .

ibility inherent to the salt hydrate system.

(ii) Durability at a designated temperature (thermal
degradation, chemical stability): No reports.

(iii) Corrosive effect on the container vessel: No reports

Proposal on Future Cooperative Works

As to the thermal properties, test procedures are almost established
and some of them are standardized. Therefore, these test methods
would be adopted.

As for the reliability, oniy four reports regarding ignition point
and flash point are presented. No reports are found for the other
three items (vapor pressure at a designated temperature; content of
toxic material; and toxicity and hazards (toxic)). But, for these
items, existing test methods for other materials would be found.
More research for the suitable methods on these items might be
necessary.

As to the durability, three reports concerning durability for heat
cycles are presented. For the other two items (durability at a
designated temperature; and corrosive effect on the container
vessel), no reports are found. As no suitable methods seem to be
found for these two items, they had better be investigated taking
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them up as the cooperative works. Durability for heat cycles is

thought to be the most important property for latent heat thermal
storage materials, so it would be desirable to investigate it for
setting up the standard test method.

Therefore, we propose the following three items concerning
durability as future cooperative works:

(1) Test methods of durabi?ity for heat cycles

(2) Test methods of durability at a designated temperature
(thermal degradation, chemical stability)

(3) Test methods of corrosive effects on the container vessel.
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APPENDIX I

REPORTS ‘BY THE PARTICIPANTS




REPORTS ON SOLAR ABSORBERS

a. OPTICAL PROPERTIES

a (i) SOLAR ABSORPTANCE




Designation:

REPORTING FORMAT A - 0 - La (ST)

Date: 2/86 Reporter's Name: K. Gindele

Country: F.R.G.

Testing Title: Spectral absorptance for directional incidence

(solar range)

Abstracted Scope (200 words):

Measurement of the spectral absorptance for near-normal
directional incidence using the reflexibn technique
(X() = 1—-3(2)).'The spectral reflectance is measured
in the spectral range from 0.36 Pm to 2.5 . The
photometric integration is done with a BaSO4—coated

integrating sphere.

Sample temperature: room temperature.

Referred Document:

The measuring device is near to the German standard
DIN 5033.




Principle of Measurement:

Spectral measurement of the hemispherically reflected
~ flux with an integrating sphere.

Apparatus:
Measuring geometry: near-normal directional irradiation
at ah angle of 80, detection of the hemispherically
reflected radiation with a BaSO4—coated integrating sphere.
Use of "substitution method", that means sample and

reference are successively attached to the sphere ports.

Spectrometer system: Prism double monbchrometer.

Calibration: Pressed BaSO4—powder is used as reference.

Sampiing: Samples are put on the sphere port.

Conditioning: None




Procedures:

The energy distributions of the sample AS and of the
reference Ar are measured successively. The sample
spectrum is related to that of the reference with
relation x.

Afterwards we calculate the solar absorptance.

Calculation Method (if necessary, please include correction method):

Be 0N

Q (%) =.
s ROy 7Y

Interpretation/Precision & Accuracy:

+/- 0.01 (with restrictions for 2 um)
For samples of.which the reflected radiation is strongoly
polarized, both directions of polarization have to be

measured separately.




Designationé

REPORTING FORMAT AC-O-LA

Date: February 19, 1986 Reporter's Name: J. Keller, EIR,

CH-5303 Wirenlingen

EQEEEEX: Switzerland
Testing Title:

Spectral reﬁleptancg/absorptance (hemispherical irradiation, normal detection}
of absorber coatings

Abstracted Scope (200 words):

Measurement of the spectral reflectance of absorber coatings in the range of
wavelengths from 0.3 Um to 2.5 um using a Zeiss PMQII/RA3 spectrometer.

The irradiation is hemispherical and the detection of the reflected radiation
_is normal. An average value of the reflectance (or absorptance) over the
above range of wavelengthsis obtained by weighing the output by an
appropriate solar spectrum.

Referred Document:

- Instruction Manual. Zeiss PMQIT

- J. Keller, V. Kyburz, Th. Fisch, "Wirmeertrdge und Kenngrdssen von Sonnen-—
kollektoren.' Bericht lber die Priifkampagne vom Sommer 1983". Eidg.
Institut fiix Reaktorforschung (EIR), CH-5303 Wiirenlingen. Mai 1984




AC-0-LA

Principle of Measurement:

See "procedures"
P

Apparatus: Zeiss PMQIY/RA3 Spectromcter

8 7 1 2 3

1: integrating sphere, 2: absorber sample, 3: shielding, 4: light source,
5: tipping mirror, 6: lenses, 7: variable inlet slit, 8: prism, 9: detectors
(photomultiplier, photoresistor)

Calibration: white reference sample with known spectral reflectance

Sampling:

sample size about 7 cm x 7 ¢m

Conditioning:

none




AC-0-LA

Procedures:

The integrating sphere of the spectrometer is illuminated by a light source.
The sample is put upon the circular opening at the top of the sphere.
Opposite to the sample there is a tipping mirror which transmits the beam
originating either from the sample or from a section of the sphere to a
variable inlet slit. This beam is spectrally split by a prism and detected
by a photomultiplier (A < 0.6 um) or a photoresistor (A > 0.6 um). .
For every wavelength, in the first step the mirror is pointed at the section
of the wall. The inlet slit is varied until the amplifier output of the

" detector reaches a given value of 100 %. In the second step the mirror is

tipped towards the sample and (at fixed position of the slit), the amplifier
output U is read. '

Calculation Method (if necessary, please include correction method):

It

reflectance p: p(A) Uy - £(0

(£: calibration function)

I - p(d)

absorptance o: a(A)
5 Hm

II'a(l)dA
- A
average absorptance o

- . m
a 3
over the solar spectrum I_: "
: " P A I,dn
0-3 Hm
(values of Ij: see annex)

Interpretation/Precision & Accuracy:

accuracy: + 2 %




Designation :
AC-D-LA

REPORTING FORMAT

Reporter’'s Name : g5-110 Taga

Date: n3/03/85
Country: Taian

Testing Title:

. Testing Method £or RAbsorptancs of Selective Surface Coating
( by the X meter )

Abstracted Scope (200 words) :

Testing method for solar a.‘nsorpténce is considered to use the
instrment vhich is called & -meter wmanufactured by International

Technology Corp..
The data ohtained by this method is necessary to be corrected by

the data gained by the spectrum photo meter.

Referred Document:
Y.Shimajiri,ALUTOPIA, Vol1.T72, Ho.8, 9(1982)




Principle of Measurement:

The solar abosorptance is determined by the amount of reflection

rays from the specimen which is subjected to the rays of halogen-
tungsten lamp.

Apparatus: & meter

International Technology Corporation lodel 2150

1. silicon detector
2. specimen

1. 3. reflection rays
il 4, integrated sphere
5 attachment
\\\"’// / 'to the halogen
&oc MICRD m‘é lamp projector

> ~ WL 2

6,incideut rays

Calibration :

Sampling :

The specimen is necessary to be flat plate and its diameter above 1Zrm.

Conditioning :




Procedures :

1. The specimen is subjected to the rays of halogen-tungsten lamp. '

2. The amount of the reflection rays are gathered by the integrated
sphere and are detected by the silicon detector.

3. The absorptance of the sample is determined from the result of
this test compared to the result of using MgCO3 plate ‘ 48%
reflectance ) and the result of nothing sample ( 0% reflectance ).

Calculation Method (if necessary, please include correction method ) :

The absorptance is the reading value of the X -meter.
Its value is necassary to be corrected by the value of the spectrum

photo meter.

Interpretation/Precision & Accuracy :

Accuracy :L 2.9% of full scale
Precision :t 0.5% of full scale




Designation :

REPORTING FORMAT AC-O-LA

Date: 03/03/5% Reporter's Name : Kazuo Taga

Country: Japan
Testing Title:

Testing Method for Absorptance of Selective Surface Coating
( by spectrum photo meter )

Abstracted Scope {200 words) :

1. This spectrum absorptance is measured by the spectrum photo meter
wvith integrating sphere. '

2. The solar absorptance is determined by product of the spectrum
absorptance and the solar spectrum intensity.

Referred Document:

ASTM FRON3

Standard Test Method of Solar Absorptance Reflectance, and Transmittance
of Materials using Integrating Spheres.




Principle of Measurement :

The solar absorptance is determined by product of the spectrum
reflectance measured by the spectrum photo meter and solar spectrum
intensity in A2,

Apparatus: spectrum photo meter

Hitachi 323 . spectrophoto meter ( with Integrating Sphere )

®

4 .
3 1 @9
1.mirror ‘ @ @

2.prism -
3.1lamp ' @
4.slit

5.sector mirror

6.specimen side

7.pbs cell

8.standard side

9.Getector

10.sample cell

11 .window

12.sub white plate

13.integrating splere -14;standard cell
Calibration :

Sampling :
. Integrating:Sphere ( optical-fiow chart )

20rm % 30rm  ( flat plate )

Conditicning :




Procedures :

1. Adjust indication of the reflectance of spectrum photo meter by
using MgS04 plate betveen the wave length from 340nm to 2200nm.

2. Set the specimen on the spectrum photo meter and measure it for the
reflectance at 100nm wave length intervals.

3. The spectrum absorptance is calculated from
al =1 - R;\_
0l : spectrum absorptance
R, & spectrum reflectance

4, The solar absorptance is determined by products of the spectrum
absorptancz and the solar spectrun intensity in air mass 2. -
ols = ZNa- 22
A
Xs
A

absorptance £0r air mass 2
solar specirum intensity for air mass.2

-
.
-
-

Calculation Method (if necessary, please include correction method ) :

Interpretation/Precision & Accuracy :

Accuracy : £ 0.5%




Iail

REPORTING FORMAT Designation:
A-O-LA

Date: 1986-03-11 Reporter's Name:

Country: Sweden
Testing title:

Measurement of solar absorptance
Normal/diffuse, spectral

Abstracted Scope (200 words):

To determine the absorptance of solar collector abscrbers by
measurement of 0/d reflectance in the wavelength. region 380-2500 nm
and weighting the reflectance values with AM2 solar spectral
irradiance. This gives ppamz damz = 1-Pam2

Referred Document:




Iaiz

Principle of Measurement:

Spectral with integrating sphere on monochromatic side of
monochromator. Normal irradiation of the sample and diffuse
detection. Single beam. '

Apparatus:

Monochromator: Zeiss MM12 double prism

Geometry: Zeiss RA3 :

Source: Zeiss with halogen lamp

Detectors: 380-800 nm wavelength: photomultiplier 800-2500 nm
PbS-detector :

Standard: , Pressed barium-sulfate tablet

Amplifier: Keithley 427

Voltmeter: HP 3455 A

Computer: HP 216

Calibration:

Absolute scale with BaSO, standard.
Wavelength scale with spectral lamps.

sampling:

samples must be flat, opaque and larger than 3 x 3 em?,

conditioning:




1ai3

Procedures:

Measure detector output each 10 nm in region 380-800 nm for the
following cases:

1. Sample port irradiated, light trap on sample port (stray
radiation measurement). .

2. Sphere wall irradiated, the BaSO4 standard on sample port.
3. Sanmnple port irradiated, "

4. Sphere wall irradiated, the sample on the sample port.

5. Sample port irradiated, *

At each wavelength the 1) detector output is subtracted from the
2)-5) outputs.

The sample procedure is repeated each 50 nm in the region
800-2500 nm and reflectance values interpolated to each 10 nm.

Calculation method:

At each wavelength the reflectance is calculated from the detector
outputs according to: :

p = pg((05-071)/(04-07))/((03-01)/(02-01})

where pg is the reflectance of the standard at the specific
wavelength. Absorptance is calculated as a = 1l-[ps dN/[sd\

where s is spectral irradiance of solar radiation AM2.

' Interpretation:

Precision: <+0.005 95 % confidence level

Accuracy: <%0.01 for diffuse sanples
<+0.02 for glossy samples

bs/1726L




Designation:
AS/AC-0-LA
REPORTING FORMAT

Date: April 7, 1986 Reporter's name: P.A. van Nijnatten

Country: Technisch Physische Dienst TNO-TH
(TNO Institute of Applied Physics)
P.0. Box 155, 2600 AD DELFT
The Netherlands

Testing title: DETERMINATION OF THE SOLAR ABSORPTANCE OF A SAMPLE
AT NEAR NORMAL IRRADIANCE

Abstracted Scope (200 words):

The spectral reflectance is measured in the spectral range from

200 nm - 2400 nm with a spectro-photometer using an integrating sphere.

From there measurements, the spectral- and solar absorptance is calculated, the
latter using the spectral energy distribution of the solar irradiation
theoretically calculated by Moon | 1].

Referred document:

[1] Moon, P., J. Franklin Inst., 230 (1940) 583.

-t




Principle of measurement:

Spectral measurement of hemispherically reflected radiation.

Apparatus:

Perkin Elmer Lambda 9 double-beam, double monochromator UV/Visible/Near Infrared
spectrometer with 60 mm integrating sphere attachment (B013-9941). '

Calibration:

White ceramic tile (NBS standard reference material 2020).

SamEling:

-Minimum sample size 10 x 20 mm

Conditioning:

Near normal incidence (8 ©)




Procedures:

Sample is cleaned

Spectral reflectance p| (A) is measured (10 nm intervals)

Spectral absorptance g (\) is calculated

Solar absorptance | is calculated using the spectral energy distribution
of the sun taken from Moon | 1] with air mass 2.

Y
e e »

Calculation Method (if necessary, please include correction method):

ef (W) =1 -p1 ()

» A=2400 nm |
OI ay (A) E() dn ) o (A).E(A) an
»=200 nm
“) = = »%=2400 nm
;7 OE) a | D) E(A) A
P : A=200 nm

- Interpretation/Precision & Accuracy

0,005 to 0,015 depending on the sample characteristics.




Designation:

REPORTING FORMAT ALG=0- ST

Date: 9/3/86 - Reporter®s Name: C. Hauer
Countrys:s USH

Testing Title: Solar Absorptance, Reflectance, and Transmittance
of Materials using Integrating Spheres

fibstracted Scope
This test method covers the measurement of spectral absorptance,

spectrophotometers equipped with integrating spheres. The methods
of computing soclar-weighted properties from the measured spectral
values are specifiedl. <The method is applicable to materials having
both specular and diffuse optical properties.

reflectance and transmittance of materials using.ﬁﬁ'

Referred Document: ASTM E 903

The following ASTM documents are referenced: .

E 424 Test Method for Solar Energy Transmittance and EReflectance
(Terrestrial) of Sheet Materials .

E 490 Standard for Solar Constant and Air Mass Zero Solar Spectral
Irradiance Tables

E 772 Definition of Terms Relating to Solar Energy Conversion _
E 891 Standard for Terrestrial Direct Normal Solar Spectral
‘Irradiance Tables for Airmass 1.5




Frincipls of Measuremsnt:

Spectrophotometers equipped with integrating spheres are used to
make hemispherical transmittance or reflectance measurs=ments over
the spectral range of approximately =00 to 2500 nm. The solar
transmittance, reflectance or absorptance iz obtained for = sample
by calculating a weighted average with a standard solar spectral
irradiarce as the weighting function.

Apparatus:

The primary instrument reguired is a spectrophotometer capable of
measuring in the spectral range of 300 to 2500 nm. A single beam
instrument which corrects for background or a double beam, ratio
recording instrument is needed. This instrument must be equipped
with an integrating sphere attachment. In addition, it is
recommended that reference standards having high specul ar
reflectance, high diffuse reflectance, and low diffuse reflectance
be available. These standards are available Ffrom the National
Bureau of Standards as -Standard Reference Materials (SRMY. In
addition, working . standards Ffor diffuse reflectance specimens
(like barium sulfate or Halon, available from Allied Chemical Co.?
and specular reflectance specimens (front surface mirrors) are
required.

Calibration:

Calibration of the spectrophotometers should follow the

manufacturer®s procedures. Workin ' i
- - 1ng standards should be calibrated
against the NES Standard Reference Materials.

Sampling:

While ASTM E 0% does not specify sampling proceduras, three _to

five samples of the cover material should be used.

Conditioning:

Plastic Solar Collector cover materials should be conditioned 1in
accordance with A45TM D &618. ' ‘

FovS




Frocedures:

Calibrate the linearity and wavelength scales 9% the
spectraophotometer as recommended by the manufactufer. It 1? also
necessary to correct for the 1004 and zern }1ne errors. For
spheres with two ports, record the IQOA line curves using
identical high reflectance specimens in bath_ ports. For
reflectance measurements, record the zero line with- a perfect
absorber in the sample port. For transmittance measwements,
record the zera line with the sample beam blockeq. For re+1§ctance
of transparent or translucent -materials having trgnsmltta?ce
greater than .001, back the specimen with a black material having
a low reflectance (£0.02) over the 300 to 2500 nm spec?ral‘ range.
Record the spectral reflectance of the specimen _relatlve to t:e
working standard by placing each in the respective port of the

sphere.

Calculation Methods:
Compute the spectral reflectance usings

= (8 - Z /(100 -Z ) (@) where
S = recorded specimen reading
Z = the zero line reading
100 = the 100% line reading
Q¥=the calibrated spectral reflectance of the standard

For transmittance measurements, cover the rear ports of the sphere
with the same material as the sphere. Record spectral curves
without specimen in place then with specimen in place. Calculate
transmittance as: -
t =1(8 - Z)Y/¢100 - Z ).

For absorptance of non—opaque samples, calculate the absorptance
using the Kirchoff r_elation,q+'&+q= 1, based upon the measured
Treflectance and tranmsmittance. : ’

For the calculation of the solar spectral irradiance distribution,
use ASTM standard E 891, calculating the optical properties wusing

the 50 point selected ordinate method. i iem o o e

Interpretation/Precision and ACcuracy:

Uncertainties in the results from +this test method arise from
random errors in measurement and sytem errors resulting +from - the
geometry of the sphere, errors in standards values, and scattered
light. The total uncertainty in the values of solar weighted
optical properties is dominated by uncertainties in +the spectral
'|properties. The rms of these errors results in about a +-2%
expected uncertainty.




Designation;

REPORTING FORMAT AC—0O—XT

Date: 2/30/86 Reporter ™= Name: C. Hauer
Country: USA ,
Testing Title: Calorimetric Determination aof Hemispherical

Emittance and the ratic of Solar Absorptance to Hemispherical
Emittance Using Soclar Simulation

Abstracted Scope:
ASTM E 4354-71 describes measurements of the radiative properties
of absorber materials or coatings using radiative heat gains arc
losses from the specimen in vacuum. The measuremaents deriv
absorptivity and emissivity using the radiation laws of he
transport. They are carried out 1n a vacuum environment
=liminate conductive and convective energy transport.

L

o

t+

Referred Document: ASTM £ 434-71




Frinciple aof Measurement:

The principlis on which the measuwremsznt is based is the radianl
transport of energy as defined by ths law governing radiation
absorbed by a body and energy radiated by that body tao an
environmeent following the rule of the Fourth power of the
temperature of the body and its environment. In these measurements
a defined amount of simulated sclar radiant energy is absrnrhed by
the test body. The rate at which this energy is reradiated is
estimated. ' :

Apparatus:

The following apparatus is required:

¥ a vacuum system equipped with a cold shroud capable of attaining
a vacuum of at least .1 mFa ( 1 micro torr.) and maintaining &
temperature environment well below ambient around the samplwa.

¥ a shutterable aperture in the vacuum apparatus large enough to
illuminate the entire sample -

¥ a minimum of two thermocouples capabla of resolving at least .1
€ and having rapid . time respense

¥ a solar simulator capable of an irradiance of at least 7000 W
per square meter '

X a radiometric device for the measurement of the simulated solar
irradiance '

¥ an interval timer capable of .1 second resolution

Calibration:

ASTM E 434 does not specify any sampling methodology. It is
suggested that thermocouples and the radiometric measurement
device should be calibrated in accordance with the manufacturer’®s

specifications.

Sampling:

ASTHM E 434 does not specify any sampling methodology, but it is
suggested that at least five coated samples be used.

Conditioning:

No sample conditioning is specitied in ASTHM E 434-71




Frocedures:

The test method involves suspending a sample, an absorptive
coating on a substrate, mostly surrcunded by a coaled constant
temperature thermal shroud all in a vacuum chamber. The sample
area is predicated on the area of the shroud and should be small
in relation to this area. The sample substrate should bs well

charactirzred as to thermal conductivity and heat capacity. Ths
front surface of the substrate is coated with the with the samele
cpbating while the edges and back surface have a low emittance

coating. The substrate back is fitted with a thermocouple and ' the
thermocouple is coated with a low emittance material. The specimen
is suspended in the shroud and the vacuum chaber is pumpad down.
Measured amounts ot simulated sclar irradiance are mads= to impinge
on the sample. The thermoucoupie then serves to register the
specimen temperature and the rate of temperature change. From
these temperature measurements, the mesured temperature of +the
{thermal shroud and the knowm incident radiant energy Ffrom the
solar simulator, the absorptivity and emissivity of the coating
may be calculated using the relationships of radiatiative heat
transfer. -

Calculation Methods:

The calculations are made to soclve the radiative heat transfer
relations, knowing the transient heat content properties of the
substrate and coating as well as the temperatuwre of the shroud.
From these calculations, the absorptivity and the emissivity of
the coating may be determined.

Interpretation/Frecision and Accuracy:

Many potential error sources are inherent in this measurement.
These relate primarily to the measurement of the temperatures and
the rates of change of the temperatures, the reflectivity of the
thermal shroud, the "low emittance" of the rear substrate surface,
and the precision of the radiometric determination of the incident
energy on the sample.




—— TTUeSTgNATIoN

REPORTING FORMAT AS/AC/GS/GC-0-1.A
Date: DNecember 1986 Reporter's Name: Michael G. Hutchins
Country: United Kingdom
Testing Title: NETERMINATION OF THE SOLAR ARSORPTANCE/REFLECTANCE/

TRANSMITTANCF FROM SPRCTRAL MEASUREMENTS AT NEAR-
NORMAT, TNCTNEMCF

Y

Abstracted Scope (200 words):

Smectral reflectance and/or spectral transmittance measurements are made
using a Beckman 5240 integrating sphere spectrophotometer in the spectral
range N.3 - 2.5 um. In reflectance mode radiation is incident on the
surface at 5° to the surface normal. In transmittance mode the radiation is
ineident normally on a surface placed over a sphere entry port.

-Solar ontical properties are calculated by convoluting the $pectral

reflectance curve with a standard solar 5pectral distribution curve for
air mass 2 using a method of 20 selected ordinates. One of two solar
spectral distributions may be used (1,2).

The measurement procedure is automated using an Apple IIe microcomputer.

Referred Document:

1. Wiebelt J.A. and Henderson J.R., J. Heat Transfer 101, 101, 1979.

2. Moon P., J. Franklin Imst., 230, 583, 1940.




Principle of Measurement:

Mear-normal hemisnherical smectral reflectance or transmitrance of
incident radiation.

Apparatus:

Beckman 5240 uv/vis/nir integrating sohere spectrophotometer using
photomultiplier for uv/vis detection and PbS for nir detection.

6" diameter integrating sohere coated with barium sulphate white reflectance
standard. Nouble beam ration recording principle of operation.

Apple TIIe microcomputer for calculation of optical properties.

) . For diffuse surfaces < barium sulphate
Calibration: ror highly specular surfaces : aluminium mirror

Sampling:

Minimum sample size : 30mm x 30mm
Maximum sample size : 100mm x 100mm

Conditioning:

Mone




Procedures:

1. Samnle cut to size and cleaned by air blowing. _

7. Tnstrument is calibrated using two barium sulnhate reference plates.
Sample mounted on sphere wall (rear for reflectance ; front for

transmittance) and reflectance or transmittance measured for scan

from 2500nm - 350nm.

Spectral data at 1nm intervals are sent to an Apple Ile microcomputer.

Microcomputer executes calculation to determine surface optiecal

roperties, e.g. O T o .
nrop es, B s? 'g T-'Ds

Calculation Method (if'necessary, please include correction method)-:

20 selected ordinates for air mass 2 solar spectral distribution giving

20
1 .
oy =~ Toa, where G, 1is the absorptance at each of the twenty
20 1=1
selected ordinates and is found from o, = 1 =~ P;
20
T, = 1 LT
s — 44 i , where T, 1s the transmittance at each of the twenty
20 - ) selected ordinates.

Interpretation/Precision & Accufacy:

Precision : reproducible to one part in 10°.
Accuracy : 1-27, :




REPORTS ON SOLAR ABSORBERS

a (ii) EMITTANCE AT A DESIGNATED TEMPERATURE




Designation:

REPORTING FORMAT a-0-ra

Date: 2/86 Reporter's Name: K. Gindele '_

Countrz:F,R.G,

Testing Title: spectral directional emittance (infrared range) T
(Reflexion method)

Abstracted Scope {200 words):

Measurement of the spectrai near-normal directional
emittance using the reflexion technique ( (=1~ g())).
The spectral reflectance is measured in the spectral
range from 1 pm to 15 pjm. The photometric integratipn
is done with a gold-coated integrating sphere.

Sample @emperature: room temperature.

Referred Document:

K. Gindele, M. K6h]l and M. Mast:

Applied Optics Vol.24, Nr.12, pp.1757-1760, 1985,
Spectral reflectance measurements using an integrating
sphere in the infrared".

K. Gindele, M. K8hl and M. Mast:
"Spectral directional emittance measurements in the
wavelength range from 1 pm to 13 pm",

Proc. of 1985 Int. Conf. on Fourier and Computerized
Infrared Spectroscopy, Ottawa, Canada, June 24-28, 1985.




Principle of Measurement:

Spectral measurement of the hemispherically reflected
‘flux with an integrating sphere.

Apparatus:

Measuring geometry: near-normal directional irradiation
at an angle of 100, detection of the hemispherically _
reflected radiation with a gold—éoated integrating sphere.
Use of "comparison method", that means sample and reference
are simultaneously attached to the sphere ports.

Spectrometer system: rapid-scan Fourier-spectrometer.

Calibration: A specular gold mirror is used as reference.
Sampling: Samples are attached to the respective sphere port.
Conditioning: The spectrometer system has to be evacuated

and in an egquilibrium state.




Procedures:

The energy distributions of the sample and the high-
reflecting reference are measured successively. The
sample spectrum Asris related to that of the reference
Ar with relation k.

For correct evaluation the speciular reflectance has also
to be measured and with this the specular reflectance
factor SRF (compare ASTM 429) has to be calculated.

The reflectance from # then can be corrected for. the
indicatrix induced effects with relation 2 . (This
correction method will be presented by the reporter at
Brd Int. Symp. on Optical and Optoelectronic Applied
Sciences and Engineéring, Conf. 653, Innsbruck, Austria,
14-18 April 1986 (SPIE Proc. Vol. 653).

Calculation Method (if necessary, please include correction method):

S eor

Q .: reflectance of the sample
o0 = 2N 0, % s
A ?r: reflectance of the reference
gw: re.flectance of the wall
= 9. Sw X% | % : SRF of the sample
s 4-—3*—Ef§w

Interpretation/Precision & Accuracy:

Without correction of the effects caused by the indicatrix

in the worst case an error of 0.06 occur.

With correction: «+/- 0.02 (still under investigation).




Designation:

REPORTING FORMAT A-0-1LA

Date: 2/86 Reporter's Name: K. Gindele

Country: F.R.G.

Testing Title: Spectral directional emittance (infrared range) II

(Radiometric method)

Abstracted Scope (200 words):

Measurement of the spectral normal directional emittance
of absorber coatings {on heat conducting substrates).
This radiemetric method yields results in the spectral
range form 4 pm to 25 pam.

Sample temperature: 373K.

Referred Document:

K. Gindele, M. K&hl and M. Mast:

"Spectral directional emittance measurements in the
wavélength range from 1 pm to 15 pm“,

Proc. of 1985 Int. Conf. on Fourier and Computerized

Infrared Spectroscopy, Ottawa, Canada, June 24-28, 1985.




Principle of Measurement:

Radiometric measurement of the spectral radiance of
heated samples.

Apparatus:

Samples and high-emitting reference are mounted on a
turnable, electrically heating device. The radiation

. emitted by them is directed to the spectrometer system,
that means the samples act as radiation source.

Spectrometer system: rapid-scan Fourier-spectrometer. .

Calibration: 3M, Velvet Coating 2010 is used as reference.

Sampling:
2amp 1ng Samples are mounted on the heater.

Conditioning: The spectrometer system has to be evacuated

and in an egquilibrium state.

The sample substrates have to be very plane

in order to ensure a good heat transition

thus resulting in surface temperatures of

the samples equal to those of the references.
The substrates of the samples and the references
have to be of a material with the same
conductivity.




Procedures:

The energy distribution of the sample AS,-of the reference
-Ar' and of anunheated diffusely reflecting gold mirror Ag
are measured successively.

Evaluation is done with relation .

Ca]éu]ation Method {if necessary, please include correction method):

Hs (W) = Ha )
Eg ) = & N *
A - Ry

Interpretation/Precision & Accuracy:

under investigation




Designation:

REPORTING FORMAT A-0-1a

Date: 2/86 Reporter's Name: K. Gindele

Country: F.R.G.

Testing Title: Total hemispherical emittance

Abstracted Scope (200 words):

Measurement of the total hemispherical emittance of
absorber coatings (on heat conducting substrates).

Time-saving. measurement of the emittance at a temperature
of 373K. '

Referred Document:

K. Gindele, M. KOhl and M. Mast:
Infrared Physics Vol. 24, No. 5, pp.455-461, 1984,
"Properties of the ellipsoidal reflector of the

McDonald emissiometer™.




Principle of Measurement:

Radiometric measurement of the flux emitted by heated

.samples. Hemispherical collection with the aid of an

ellipsoidal reflector.

Aggaramm: Modified McDonald emissiometer Model 2145,

MEIEIEE
Measuring Volbmet
.r’_"\\ Head oltmeter

Offset T ‘
Adjustment - imer

Sample
Black Surface

Heater

Temperature Control

Cooling down Measuring
Position Position

Calibration: The measured values of the samples are related
to the measured values of a high—-emitting
reference (3M, Velvet Coating 2010) as well as

a low-emitting reference (electroplated Au).

Sampling: samples and references, respectively, are put on

a heater and fixed there by wvacuum.

Conditioning: The sample subétrates have to be very plane in

order to ensure a good heat transition thus resulting in
surface temperatures of the samples equal to those of the
references. The substrates of the samples and the references

have to be of a material with the same heat conductivity.

b\




Procedures:

The measuring head is placed over the thermostatted sample
and the emitted radiation heats the thermedpile-detector.
The detector signal is read aftér 10 sec. After the cooling
down of the detector the references are measured in the

same manner. From the readings RS'(sample),~RL (low~emitting
reference), RH (high-emitting reference) and the emittances
EH and.£L of the references we calculate the emittance of
the sample {s with relation % . Afterwards we correct the
non-linearities of the measuring head (explicitly elaborated
in the referred document) with relation %, where é_m means
measured emittance (= result c’.‘S of relation ) and & is

the corrected wvalue.

Calculation Method (if necessary, please include correction method):

Ri—R
65=ﬁ(EH_£L)+EL t 3
0.747¢
- X #
€ =1-0.253,

Interpretation/Precision & Accuracy:

AZD = +/- 0.03




Designation:

REPORTING FORMAT A-0-1a

Date: 2/86 Reporter's Name: K. Gindele
Country: F.R.G.

Testing Title: Total directional emittance

Abstracted Scope (200 words):

Measurement of the angular dependance of the total
directional emittance of absorber coatings (on heat
conducting substrates). The measuring temperature is
373K. The angular range is o< £70°.

(7 angle to the surface normal).

Referred Document:




Principle of Measurement:

Radiometric measurement of the radiance ©of heated samples.

Apparatus: Measuring geometry:

Chopper\‘
T by
u -
Sample
5 /
- a2
4 ——— .
Pyroelectric
: Detector
4]
I

Heater > Diaphragm

Angle of aperture: 10°.
The detector signal is amplified phase-sensitively.

Calibration: The measured values of the samples are related to

the measured values of a high-emitting reference (3M, Velvet

Coating 2010) as well as a low-emitting reference (electroplated
Anl .

Sampling: Samples and references, respectively, are put on
a heater and fixed there by wvacuum.

Conditioning: The sample substrates have to be very plane in
order to ensure a good heat transition thus resulting in
surface temperatures of the samples equal to those of the
references. The substrates of the samples and the references

have to be of a material with the same heat conductivity.




Procedures:

The radiances of the sample and the references, respectively,
are measured. From the voltage-readings of the lock-in-amplifier
RS (éample), RL (low-emitting reference) and RH (high-emitting
reference) as well as the emittances €H and EL of the references

we calculate the emittance of thefsample‘fs with relation *.

Ca1cu1ation Method (if necessary, please include correction method):

Rs—R;
€5

-=RH_RL(EH_EL)+€L *‘

Interpretation/Precision & Accuracy:

A& = +/- 0.03

/6




Designation:

REPORTINEG FORMAT AC-T-1A

Date: February 19, 1986 Reporter's Name: J. Keller, EIR,
CH-5303 Wiirenlingen

Countrz: Switzerland

Testing Title: fThermal emittance of absorber coatings (hemispherical)

Abstracted Scope (200 words):

Measurement of the total emittance 6f absorber coatings in the range of
wave lengths from 3 pym to about 50 ym using an Emissometer, model AE
{(Devices and Services, Co, Texas)

Referred Document:

- Instruction Manual. Emissometer, Model AE.




AC-T-LAa

Principle of Measurement:

See "procedures"

Apparatus:

l: Emissometer, 2: cable, 3: heat sink, 4: absofber sample, 5: reference
sample

Calibration: Nextel Black paint reference surface (¢ = 0.93)

Sampling:

Sample size about 7 cm x 7 cm.
Only .flat samples

Conditioning:

none

¥/




AC-T-LA

Procedures:

The radiation detector is a differential thermopile with sensing surfaces of
aluminium foil and Nextel Black paint, and responds to radiative heat
transfer between the sensing and the neighbouring flat sémple surface. The
sample is maintained near ambient temperature by means of a heat sink, )
whilst the detector assembly is heated internally to 82 °C. The detector is
placed on the surface. whose .thermal emittance is.to.be.determined, - and-takes-.
about a minute to attain thermal equilibriuﬁ with the sample. The detector
output voltage is measured using a high input impedance digital voltmeter
having .00l mV resoclution, and is linearly correlated to the sample emittance
within + .0l.

The detector output voltage is calibrated against a Nextel Black reference
surface ( €yef = .93) maintained at the same temperature as the sample by
means of the heat sink.

Calculation Method (if necessary, please include correction method):

ref U ’ €re = (0.93
ref

Interpretation/Precision & Accuracy:

Accuracyz + .0.03




Designation :
REPCRTING FORMAT AC-O-TA

Date: 02/19/85

Reporter’'s Name : Xazuo Taga

Country : Japan

Testing Title :

Testing HMethod of Emissivity of Selective Coating Surface

Abstracted Scope (200 words):

The D 4 S Emissoweter is a special purpose instrument for maling
emissivity measurements. The detector portion of the device is heated
to 130% so that the sample does not have to be heated. The detector
responds only to radiation heat transfer, and is designed to have

an output linear with emissivity. The emissivity of an unknown surface
is meaured after calibration of the detector with a sample of known
emissivity, which is maintained at the same temperature as the unknowm.

Refarred Document :

) Asmi F408 "Standard Test Methods for Total Emittance of Surfaces --- "
) ,—DEVICES & SERVICES COMPANY ’
Emissometer Model AE Operating Instructions

(1
(2




Principle of Measurement :

The emissivity is determined by measuring the radiation from the
specimen by the electromotive force.

Apparatus :
Des::!.n_:ifm Referenca hbem-
Enissonscer :h:..cm
4 pin. commector and cable
"Heat aink o
Two high emiasivi da-
Flac black pl;nc t-y srandurds &
Two low emiszivi: tandardg=-
- bare a].lmim-' 7 e s 5
Serawdriver . .
Calibration :
Sampling :

60 x 60mm ( flat plate )

Conditioning :

Spectral response : thermal wave length ( 3 to 30 microns )

Warming up time : 10 munutes
Response time : 10 seconds, Nominal _
ditector temperature : about 80 degrees Centigrade




Procedures : ) . : .
=————— 1. Turn on the detsctor heater and the readout device and

allow to warm up for approximately.ten minutes.

2. Put a flat black standard on one end of the heat sink
and the unknown on the other end. Samples must be rela-
tively flat and the material must be a goad thermal
conductor.

Ge/x > 1100 vates/m? © C or 200 Btujux £2 © F, k-:he—mal
conductivity, x-thickness).

‘To insurs that the standard and the unknown remain at the
sama tamperature, good heat.transisr must be maintained
between the sample and the heat sink. This can ba accom-
plisned by putting several drops of water on the heat
sink before putting down the szmple. Make sure that
there is encugh water to fill the gap between the sample
and the heat sink, but not so much that it flows up onto
the samples or the detector. A heat transfer gresase can
also be used for this purpose.

3. Place the detector on the flat black standard and wait ™~
- for the detector voltage reading to become’.steady, Recoxd
this voltage, Vgesndard. : ’

4. Move the detectar to the sample to be messured. Wait
about 45 seconds for the voltage, Vggpple, to become
_ steady. '
5. Em.ss:.v:.ty of the sample is ealculated as follows:
"~V sample | " ) ¥ 0.93
V standard

_ €sample =

Calculation Method (if necessary, please include correction method ) :

Tts value is corrected by the .result of calorimetric methed.

Interpretation/Precision & Accuracy :

Accuracy : 0.3% + 1 digit for indication
Tarperature dependense : G.03%/ °C




Designation:

REPORTING FORMAT AC/AS/ JGC/GS/ -0-LA

- Date: March 1, 1986 - Reporter's Name: S. TANEMURA

Country:  JAPAN
Testing Title:

Measurement of Normal Spectra1 Emittance of Absorber & Glazing
Material

Abstracted Scope (200 words):

To evaluate the selective absorbing property of the absorber materials
for solar collector and the selective transparent property.of the glazing
materials for both solar collector and the radiation control window,
normal spectral emittance (NSE) from 2.5 pm to 25 um in wavelength and
from 50°C to 250°C in the sample temperature is an important physical
property to be measured. To minimumize the measurement errors due to the
uncertainity of the equivalence of both sample elevated temperature and
the blackbody temperature and the drift of those temperatures during the
emperiment, FT-IR spectrophotometry is used. The surface temperature of
the sample .and that of blackbody were determined by the relationship
beween the monitored TC-reading and the indicated temperatures by thermo-
visualizer equipment which is experimentally obtained for varicus total
emittance value assumed tentatively to the sample.

Referred Document:

S. TANEMURA et al, Abstract of 39th Semiannual Meeting on Research
Achievements in G.I.R.I. Nagoya, p.91 (1985) (in Japanese}




Principle of Measurement: tpe notation Vg(2), Vp(2) and Vp()) are defined as
- the detected spectral signal of the sample heated at Tg K, that of the
blackbody controlled at Ts K and that of the perfect reflector at room tem-
perature respectively. Then, NSE €()A, Tg) of the sample at Tg K is derived
from the equation.
elds Tg) = [Vs(a) - Ve(W)] /7 [Vb(2) - Vr{X)]. :
Hence, the measurements of Vs(A), Vp(r) and Ve(X) are required.

Low Temp. Range: {60~

Apparatus: 85°C)  Sample heating

' furnace (SF) and black

body (B) have the hot
water reservoirs to
which the hot water

controlled at a desig-
Lol || nated temperature is
uh ||, circulated simulta-

- neously. The auxiliary

. electric heater is pro-

'@ - : vided at the inlet
wrgergnoue 1Es cETCETEn tube to the Samp]e fur-
— e % nace. -

arTLCAL uu-l-r__-;— , , B Medium Temp. Range:
L

Lag

(100~250°C)  Appara-
BAY AIR INLET - tures SF and B are _
' controlled independent-
ly by proportional-dif;
ferential electronic
contrdl device.

TI".CGITIGL!I TERP.CONTAOLER

e

. o
§ taanrid VIRLACK 3Q0Y PIBETECTAR N1 :EXCHANGE R(AROR
N2ISARPLE-DLACK RO0Y EXCHANEE AIRAOR

Fig.1, Schematics of present normal spectral
emmisiometer.

Sampling:
The size of the sample; 25 (mm) X 25 (mm) X 5 (mm).

Conditioning:

Preconditioning -

1. To avoid the measurement of the transient surface properties under
the applied temperature in the normal room environmental conditions,
the sample is kept at a designated temperature for 12 hrs at least
before measurement.

2. Thick Awcoating is required to the rear surface of transparent
glazing materials.




Procedures:

After preconditioning, the followings are processed:

(1) Obtaining the relationship between the TC reading of the blackbody and
the indicated temperature by thermovisualizer under viewing the black-
body center.

(2) Obtaining the relationships between the readings of TC provided to be
touched on the surface of the sample and the indicated temperature by
thermovisualizer under viewing the heated sample surface as the func-
tion of the varius total emittance values assumed tentatively for the
sample. )

(3) Vp(X) measurement.

(4) Control the blackbody at a designated temperature (Tp).

(5) Control the sampie at the temperature (Tg) approximately to be regarded
as the equivalent to Tp value.

(6) Vg()) and Vp (A) measurement.

(7) € calculation and the output of ¢ as the function of wavelength.

(8) Estimation of the total emittance considering with the response func-
tion of the detector of the thermovisualizer equipment.

(9) Confirmation of the sample surface temperature according to the rela-
tionship described in (2}. If necessary, the adjustment of the con-
trolled sample temperature and procedures (5) - (9) are required to be
repeated. :

Calculation Method (if necessary, please include correction method):

Opaque Material: e is calculated by the equation described in the
Principle. '

Transparent Material: Both Normal Spectral Reflectance (NSR) and Normal
Spectral Transmittance data of the sample without
rear surface Au coating as well as the NSR of Au
coating are also required to obtain NSE. The
optical model with four phases such as ambient, sur-
face coating, glazing and Au coating is required to
calculate the NSE.

Interpretation/Precision & Accuracy:

Typical example:

(1) Precision of NSE:less than :0.02 under Temperature drift #0.3°C,
Difference of Tp - Tg = +0.5°C in emittance units.

(2) Reproducibility: less than 0.0l in emittance units.




Iaiil

REPORTING FORMAT Designation:
A-O-LA

Date: 1986-03-11 Reporter's Name:

Country: Sweden

Testing title:

Measurement of emittance at 100 °C temperature
Normal :

Abstracted Scope (200 words):

To determine the spectrally total emissivity of sclar collector
absorbers at 100 °C temperatue by comparing its .radiance with the
radiance of a blackbody radiator also at 100 °C.

Referred Document:

SP RAPP




Iaiiz

Principle of Measurement:

The radiance normal to the surface kept at 100 °C temperature is
compared with the radiance from a blackbody radiator at 100 °C using
a detector with a approximately wavelength independent responsivity
in the 1-30 um wavelength range. '

Apparatus:

Aluminium cylinder ¢ 150x100 mm for sample heating to 100 °C.
Blackbody radiator ¢ 10x80 mm cavity.

Temperature controller to both sources.

Radiation detector of Golay type with KRS5 window and 500 mm long
aperture tube with 5 mm front aperture.

Radiation chopper.

Thermoccouples to sample front surface, to the blackbody, to the tube
and to surroundings. : :

Lock-in amplifier.

Calibration:

Ssampling:

Samples must be flat and metallic.

Conditioning:

Two 1 mm holes are drifted at each side of the measurement area for
the thermocouple leads. ' '



Iaii3

Procedures:

The aluminium cylinder and the blackbody are stabilized to 100 °C.
The sample is mounted on the flat surface of the cylinder t1ght1y to
get good thermal contact using a flat ring and screws.

Thermocouple leads are placed in the drilled holes on the sample and
small plugs forces the leads to the front surface of the sample.

The surface temperature, blackbody temperature, tube temperatufe.
ambient temperature, detector output with blackbody and detector
output with sample is measured.

Calculation method:

See SP-RAPP

Interpretation:

Precision: <+0.01 95 % confidence level

Accuracy: <+0.04

bs/1731lL



Designation:
AS/AC/GS/GC-0-LA
REPORTING FORMAT

Date: April 7, 1986 Reporter's name: P.A. van Nijnatten
Country: Technisch Physische Dienst TNO-TH

(TNO Institute of Applied Physics)
P.0. Box 155, 2600 AD DELFT
The Netherlands

Testing title: DETERMINATION OF DIRECTIONAL AND HEMISPHERICAL TOTAL EMITTANCE
AT TEMPERATURES OF 60©°C TO 200 ©C.

Abstracted Scope (200 words):

The hemispherical total emittance is used in calculating radiative heat transfer
in collector and window glazings, collector absorber materials and coatings etc.
An apparatus designed after Irving et al [1] is used for quick measurements of
the total emittance at different emitting angles and at different surface
temperatures, . o

The hemispherical total emittance is obtained by integrating over all emitting
angles.

Referred document:

[1] - Irving, T.F., Hartneft, J.P. and Eckert, E.R.G., Solar Energy, 2 (1958) 13.
[2] Spectral-selective surfaces for the thermal conversion of Solar Energy,
M. van der Leij, Delft University Press, 1979.
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Principle of measurement:

Radiometric measurement of the radiance of heated samples.

AEEaratus:

7 A . Emitting angle

1. Sample

2. Heating unit (canthal wire 14 §)
and Cromel-Alumel thermocouples

3., Water cooled jacket, 5°C.
4. Water cooled diaphragm, # 0,010 m

5. Bolometer + electronics (Heimann
KT 14)

6. Detector head with Ge-lens (Heimann,
' type L)

Voltage supply (24 VAC)

Galvanometer Xipp

9. Rotating disc with knob and gradu-
ating dise, outside the jacket

10. Outer housing filled with dry air

11. Temperature controller and recorder

[ The ‘angle g, is adjustable from 15°© - 750,

The heating unit is surrounded by a black-pointed cooled jacket in order to
reduce reflections from the wall to the sampie and to keep the .ambient
temperature constant. The spectral sensitivity of the detection is from 2-20 ym
(mainly determined by the Ge-lens.

Calibration:

Heimann calibration radiator (type SW13) or black body radiator at sample
position.

-2




Samgling:

The sample is attached to the heater with a heat transfer compound or screws
Only a spot of @ 4.10-3 m is seen by the detector.

Conditioning:

- The samples and references have to have approximately the same thermal

conductivity.
- To avoid condensation on the coated wall, the apparatus is purged with dry air.

Procedures:

1. The sample is thoroughly cleaned and sttached to the heater.

2. The temperature of the heating unit is set.

3. After sufficient warm-up time the recorder reading gets stable and measurement
begins. -

4, Measurements are made at view-angle intervals of 50©,




Calculation Method {if necessary, please include correction method):

"If it is assumed that the inner wall of the cooling jacket with
temperature TO(K} is black, the total energy flux density G coming
from the direction of the sample surface of temperature TS(K) re-
ceived by the detector surface is given by

4

G = Fo [e(ee.Ts) 'I‘s

+ p(ae.Té) T:].

in which F is the view factor between the samplé area and the de-
tector area, ¢ is the Stephan-Boltzmann constant, c(Be,Ts) is the
directional totdl emittance of the sample with Be as thg angle be-
tween the normal on the centre of the sample and the connecting
line from the centre of the detector area to the centre of the
sample, p(ee.Ts) is the hemispherical directional total reflectance
of the sample with temperature Ts' and Tw is the temperature of the
cocled jacket. If the detector is calibrated with a black body
radiator, then the energy flux density from the sample falling on
the detector, as seen by the detector as coming from a black sur-
face with temperature Tx' the emitted energy flux density is

G' = F g T3,
x .

On the basis of this idea, G = G*, so that
4 4 4
Tx = e(ee.Ts)Ts + p(Be.Ts)Tw.

By taking
€(8,.T) = 1 - p(8,,T.),

we can write e(ee,Ts) as

-t

e(Be.Ts) = 4 4°
T -T

s w

This will be the basic equation for our measurements if we assume
‘that the detector response is (linearly) proportional to the in-
tensity of the radiation received.

Interpretation/Precision & Accuracys

+ 0,02
+ 0,01

i

€ < 0,2: Ae
e > 0,2: Ae




Designation:

REPORTING FORMAT AL ~D—! £

Date: 9/26/86 Reporter®*s MName: C. Hauer
Testing Title: Total Normal Emittance of Surfaces Using
Inspection Meter Technigues

Abstracted Scope:

This test method covers

determination of th
normal emittance of ot

. . _ surfaces by means of portable
inspection meter instruments. The tests are intended for
large surfaces where rapid and

: non—decstructive methods
are reqguired.

referred Document:

ASTM Standard E 408-71.

The following references are also applicables

X Nelson,k.E.,Leudke,E.E., and Bevans,J.T.. Jourmal of
Spacecraft and Rockets, JSCRA, Vol.3, No.S, 1%6¢&, p.732
X Gaumer,R.E. .Hohnstreiter,G6.F.,and Vanderschmidt,b.F.,
"Measurement of Thermal Radiation Froperties of
Materials”, NASA SP-31, 1963,p. 117




Frinciples of Measurement:

Twas measuremsnt methods are described: one which
messures radiant energy reflected Ffrom a specimen,
Mehtod Ay the other which measures radiant energy
emitted from a specimen, Method B. The first method uses
an infrared reflectometer which alternately exposes the
specimern to two radiant sowrces, oOne near ambient
temper ature  and the other at a somewhat elevated
temperature. The radiation reflected +from the specimen
from each source is detected by a vacuum thermocouple
which has bheen calibrated with known reflectance
standards. These data are reduced to obtain the normal
emittance using Kirchoff s law. The second method relies
upon cooling the specimen and the sample and chamber,
viewing the specimen surface, and measuring the the
enitted energy with a calibrated thermopile.

Apparatus:

The +ollowing instruments, or instruments with similar
capzhilities are required:
¥ For Method A:

Infrared Reflectometer Model DE 100

Gier—bPunkle Instruments, Inc.

Santa Monica, Ca.

X For Method E:
Emissometer, Model 25A
Lion Research Corp.
Cambridge, Mass.

Calibration

Calibration is required for both methods, using usin

reflectaqce and emittance standards. These calibratinng
are carried out on the instruments after an appropriate
warmup period, calibrating the meter at both the high

and lpw ends of the scale using appropriate reflectance
or emittance standards. '

Sampling:

ASTM E 408-71 does not specify sampling procedures.

Conditioning:

No special sample conditioning is required.

™~



Frocedures:

After the meter has been calibrated, place the specimen
over the aperture of the instrument. For the reflectance
measurement instrument uvsed for Method A, the result is
the reflectance of infrared radiation near rOOMm
temperature. In Method A obtain the emittance by
subtracting the reflectance from unity. In Method B, the
emittance is obtained +rom the instrument maker s
emittance/meter conversion data. .

Calculation Methods:

For Method A, the application of Kirchoff s law involved
in subtracting the the reflectance +rom unity 1is the
only calculation required. WMethaod E requires no
talculations since the emittance is obtained +rom the
instrument™s calibrated emittance vs. meter reading

curve.

Interpretation/Precision and Accuracy

Both methods are limited in accuracy by the degree to
which the emittance or reflectance properties aof the
calibrabing standards are known. Method A i1s subject to
a small =rror resulting +from the diffearence in
wavelength distributions between the radiation emitted
by the two cavities at different temperatures and that
emitted by a black body at the specimen temperature.
Method B also exhibits errors since the detector is not
at absclute zero. Both methods are suited for production

control or gquality testing.




Designation:

REPORTING FORMAT AC—0 T

Date: 9/30/86 Reporter”s Name: C. Hauer
Country: USA :
Testing Title: Caleorimetric Determination of Hemispherical

Emittance and the ratioc of Solar #Absorptance to Hemispherical
Emittance Using Solar Simulation '

Abstracted Scbpe:

A65TM E 434—-71 describes measurements of the radiative properties
of absorber materials or coatings using radiative heat gains and
losses from the specimen in . vacuum. The measurements derive
absorptivity and emissivity using the radiation laws of hest|
transport. They are carried out in a wvacuum environment %o
eliminate conductive and convective energy transport.

Referred Document: ASTM E 434-71
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Frinciple of Measurement:

The principie on which the measuremesnt is based is the radiant
transport of energy as defined by the law governing radiation
absorbed by a body and energy radiated by that body to an
environmeent following the rule of the Fourth power of the
temperature of the body and its environment. In these measurements
a defined amcunt of simulated soclar radiant energy is absorhed by
the test body. The rate at which this energy 1is reradiated is
estimated.

Apparatus:

The +ollowing apparatus 1s required:

¥ a vacuum system equipped with a cold shroud capable of attaining
a vacuum af at lesast .1 mFa ( 1 miero torr.) and maintaining a
temperature environment well below ambient around the sample.

¥ a shutterable aperture in the vacuum apparatus large enough to
illuminate the entire sample

¥ a minimum of two thermpocouples capables of resolving at least .1
C and having rapid . time response

¥ a solar simulator capable of an irradiance of at least 7000 W
per square meter

¥ a radiometric device for the measurement of the simulated solar
irradiance :

X an interval timer capable of .1 second resolution

Calibration:

ASTM E 434 does not specirtfy any sampling methodology. It is
suggested +that thermocouples and the radiometric measurement
device should be calibrated in accordance with the manufacturer’s

specifications.

Sampling:

ASTM E 42%4 does not specify any sampling methodology, but it is
suggested that at least five coated samples be used.

Conditioning:

No sample conditioning is specified in ASTM E 434-71




Frocedures:

The test method involves suspending a sample, an absorptive
coating on a substrate, mostly surrounded by a cooled constant
temperature thermal shroud all in a wvacuum chamber. The sample
area is predicated on the area of the shroud and should be smzll
in relation to this area. The sample substrate should bs well
charactized az to thermal conductivity and bheat capacity. The
front surface of the substrate is coated with the with the sanple
coating while the =dges and back surface have a low emittancs
coating. The substrate back is fitted with a thermocouple and the
thermocouple is coated with a low emittance material. The specimen
is suspended in the shroud and the vacuum chaber is pumpad down.
Measured amounts or simulated sclar irradiance are mads to impinge
on the sample. The2 thermoucouple then serves to register the
specimen temperature and the rate of temperature change. From
these temperature measurements, the mesured temperature of the
thermal shraoud and the knowm incident radiant energy from the
solar simulator, the absorptivity and emissivity of the coating

may be calculated wusing the relationships of radiatiative heat
transfer. _—

Calculation Methods:

The calculations are made to solve the radiative heat transfer
relations, knowing the transient heat content properties of the
substrate and coating as well as the temperature of the shroud.

From these calculations, the absorptivity and the emissivity of
the coating may be determined. '

Interpretation/Frecision and Accuracy:

Many potential error sources are inherent 1in this measurement.
These relate primarily to the measurement of the temperatures and
the rates of change of the temperatures, the reflectivity of the
thermal shroud, the “"low emittance" of the rear substrate surface,
and the precision of the radiametric determination of "the incident
energy on the sample.




Designation:

REPORTING FORMAT AC/AS/GC/GS-0-LA

Date: December 1986 Reporter's Name: Michael G Hutchins

Country: United Kingdom

Testing Title: MEASURFMENT OF THERMAL EMITTANCE FROM SPECULAR REFLECTANCE
- USING AN INFRARED SPECTROPHOTOMETER :

Abstracted Scope (200 words):

Test samnles are mounted in a dual-beam ratio-recording spectrophotometer
in a holder that allows incident radiation to strike the surface at 37° to
the surface normal, Specularly reflected radiation is detected by a
thermocouple and