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Standard Practice for 7

EVALUATION OF COVER MATERIALS FOR FLAT PLATE

SOLAR COLLECTORS?

This standard is issued under the fixed designation E 765; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last

reapproval.

1. Scope

1.1 This practice covers-the evaluation of
cover materials for flat plate solar collectors.

1.2. This practice includes evaluation proce-
dures for the measurement of primary proper-
ties of materials and for the assessment of
durability of solar collector covers by compar-
ison of initial primary property values with
those obtained after exposure to aging proce-
dures.

1.3 This practice includes both primary
property measurement tests and aging proce-
dures. Property test methods are included for
measurements of solar transmittance, dimen-
sional stability, impact resistance,” tensile
strength, and the effect of dirt retention on
solar transmittance. Aging procedures are in-
cluded for exposure to heat, natural weathering,
and accelerated weathering.

2. Applicable Documents

2.1 ASTM Standards:
D618 Conditioning Plastics and Electrical
Materials for Testing?
D 638 Test for Tensile Properties of Plastics®
D 794 Recommended Practice for Determin-
mg the Permanent Effect of Heat on Plas-
tics®
D 882 Tests for Tensile Propeities of Thin
 Plastic Sheeting?
D 1042 Test for Linear Dxmenswnal Changes
"~ of Plastics Under Accelerated Service
‘ Conditions®
- D 1181 Test for Warpage of Sheet Plastlcs
D 1204 Test for Linear Dimensional Changes
of Nonrigid Thermoplastic- Sheeting - or
Film at Elevated Temperature®

D 2565 Recommended Practice for Operat-
ing Xenon Arc-Type (Water-Cooled)
_ Light-Exposure Apparatus = With and
Without Water for Exposure of Plastics®
E 424 Test for Solar Energy Transmittance
and Reflectance (Terrestrial) of Sheet Ma-
terials®
E 782 Standard Practice for Exposure of
Cover Materials for Solar Collectors to
Natural Weathering Under Conditions
Simulating Operational Mode®
G 23 Recommended Practice for Operating
Light- and Water-Exposure Apparatus
(Carbon-Arc Type) for Exposure of Non-
.metallic Materials® .
G 53 Recommended Practice for Operating
"Light- and Water-Exposure  Apparatus
(Fluorescent UV-Condensating Type) for
Exposure of Nonmetallic Materials®
2.2 ANSI Standard:
297.1- 1975 Safety Performance Specifica-
tions and Metliods of Test for Safety Glaz-
ing Material Used in Buildings*

3. Significance and Use

3.1 While this practice is addressed to teéting
of covers for flat plate collectors, it may be used
for testing covers for other solar collectors

“This practice is under the jurisdiction of ASTM Com-
mittee E-44 on Solar Energy Conversion and is the direct
responsibility of Subcommittee E44.04 on Materials Perform-
ance.

Current edition approved Nov. 6, 1980, Published January
1981.

2 Annual Book of ASTM Standards, Part 35.

3 Annual Book of ASTM Standards, Part 41.
" # Available from American National Standards Institute,
1430 Broadway, New York, N. Y. 10018.
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where applicable.

3.2 This practice is intended to aid the pre-
diction of in-service perforfnance by short term
testing.

3.3 Insufficient data exist to- obtam exact

correlation between the results of accelerated
weathering tests and actual in-service perform-
ance:: »
34 Primary propertles and their long stabil-
ity are critical to the performance of a solar
collector. Property measurement tests provide
for measurement of material properties of solar
collector covers. Aging procedures provide for
exposure of solar collector covers to environ-
ments which may induce changes in material
propemes as shown in propefty measurement
tests.” Property measurement fests performed
before and after aging procedures provrde a
means of determining the effect of the aging
procedures on the solar collector cover material
and assist in estimating the ‘durability of solar
collector covers.

3.5 These tests inchide only those considered
most critical to the performance of the solar
collector. Other tests to evaliate materials may
also be performed.’ Appendrx X1 contains a
listing of supplementary tests.

3.6 This practice isintended for use by ma-
terial manufacturers, solar collectoi manufac-
turers, testmg laboratones, and others. The use
of this practice will provide material property
data and durability data by which a material’s
suitability for a solar collector cover can be.
assessed. It will also provrde data for comparing
the durability of various collector cover mate-
rials, However, when using the data for com-
parison of materials, the user should be aware
that the many factors influencing degradation
due to weathering vary from location to_loca-
tion as well as time of test. Because of this,
outdoor eéxposure data should be taken as in-
dicative only, For direct comparisons the ma-
terials should undergo the identical exposure
conditions. Control samples must be used in
weathermg exposures when identical exposure
condmons cannot be used :

4, Test Specimens

4.1 The numbers and-types of tests required
and the preferred tésting sequence are specified
in Table 1 and Fig, 1.

4.2 Except for thickness, the geometry of the
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test specimens used to evaluate the properties
of cover materials shall be in accordance with
that specified in the specific method. The thick-
ness of the specimens shall be that thickness
intended for use .in solar collector covers.
Warpage specimens w111 be 15 by 15 cm (6 by
6 in.) (see 6.3).

4.3 Tension test specunens used for evalu-
ating the effects of aging procedures shall be

" cut from a larger. piece of material that was

subjected to the aging procedure

4.4 Separate test specimens shall be used for
the physical property tests if the phys1ca1 prop-
erty test could change the test specimen prior
to measurement of solar transmittance or dirt
retention. Optical property tests shall not be
performed on test specimens damaged by phys-
ical property tests. - . ..

5. Recommended Conditioning for Physreal
Property Tests

.51 Condmonmg——Unless otherwme spe01—
fied, the test specimens for physical property
tests shall be conditioned at 23 + 2°C (73 =

4°F) and 50 + 5 % relative humidity for not

less than 40 h prior to test in accordance with
Procedure A of Method D 618.

5.2 Test Conditions—Conduct. tests in the
standard laboratory atmosphere of 23 + 2°C
73 = 4°F) and 50 £ 5% relative humidity,
unless otherwise specified in the methods.

Note 1—In actual practice, collector cover ma-
terials ‘must have acceptable physical properties over
a wide range of temperature and humidity conditions.
However performing physical property tests “above or
below ambient conditions is difficult to implement.

TEST METHODS

6. Property Measurement Tests

6.1 Solar Transmn‘tance. :

. 6.1.1 Transmittance is an unportant factor
in the admittance of energy through the solar
collector cover.

6.1.2 Determine solar energy transmlttance
by the appropriate method described in
Method: E 424, The same method shall-be used
for the initial and final measurements. Four
measurements shall be made, rotating the test
specimen 90° after each measurement. The
average of the four values shall be considered

the solar transmittance of the material. If
. Method A is used, a representative sample of

the material must be supplied for transmittance
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measurements to establish initial properties.

Note 2—Method A of Method E 424 uses a spec-
trophofometer with an integrating sphere, and is
especially useful for precise determinations of minor
changes in clear or uniformly diffising cover mate-
rials. Method B of Method E 424, using a pyra-
nometer, is especially useful for nonuniformly diffus-
ing thick cover materials.

6.1.3 These methods provide a means for
measuring solar transmittance under fixed con-
ditions of incidence and viewing and have been
found practical for both transparent and trans-
lucent materials. -

6.2 Effect of Dirt Retention of Solar Trans-
mittance:

6.2.1 Dirt on a solar collector cover will
block the passage of solar energy and reduce
solar energy transmittance.

6.2.2 The effect of dirt retention on the solar
transmittance of a solar collector cover material
may be determined on a test specimen exposed
to natural weathering (7.2). Measure solar
transmittance as described in 6.1.2. Then using
a very soft brush, clean both sides of the sample
with a 0.1 % solution of nonionic detergent® in
distilled water. Rinse with distilled water, blot
remaining water, and air dry. Take care to
avoid scratching or stretching plastic materials.
Remeasure the total solar transmittance. The
difference in solar transmittance before and
after cleaning is an indication of the amount of
dirt retained during natural weathering.

NoTe 3—Since dirt retention in natural outdoor
weathering is dependent on when the last rainfall
took place, it is difficult to compare dirt retention on

materials that have not undergone identical, simul-
taneous weathering.

6.3 Dimensional Stability:

6.3.1 Changes in the shape of a solar collec-
tor cover may result from exposure to service
conditions. A material may sag, shrink, or
warp. :

6.3.2 Determine changes in linear dimen-
sions for rigid and semirigid materials as de-
scribed in Method D 1042, and for nonrigid
materials as described in Method D 1204.

. 6.3.3 Determine warpage of rigid and semi-
rigid plastic materials using the apparatus de-
scribed in Method D 1181, or an equivalent
apparatus. During heat aging, suspend the test
specimens vertically from a single point-at the
center-of the top edge. Measure at the location
having. the- greatest deviation from flatness.
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Specimens for this test shall be 15 by 15 cm (6
by 6 in.). Specimens must be cut to size prior to
heat aging.

6.4 Tensile Properties:.

6.4.1 Tensile properties are an indication of
the mechanical properties of a material. During
environmental exposure a material may soften
or become more brittle. Tensile: properties in-
clude tensile strength, percent elongation at
yield and at break, and modulus of elasticity.

6.4.2 Since tensile properties are influenced
by temperature and humidity, carefully condi-
tion the test specimens in.accordance w1th 5.1
and 5.2 prior to each test.

6.4.3 Determine tensile properties of rigid
and semirigid plastic materials as described in
Method D 638 using Speed B with a Type IV
specimen. For flexible membrane materials, use
Method D 882.

6.5 Impact Resistance:

6.5.1 Impact resistance is the ability of a
material to resist fracture under shock force.

6.5.2 Determine hail impact resistance of so-
lar collector cover materials using ASTM Pro-
posed Practice for Determining Resistance of
Cover Plates for Solar Energy Collectors to
Hail Impact.®

6.5.3 Collector covers are also subject to im-
pact by thrown and wind-blown solid objects.
The evaluation of impact resistance to these
objects will require different standard practices
than that for hail impact resistance.

7. Aging Procedures

7.1 Heat Stability:

7.1.1 The elevated temperatures reached by
solar- collector covers may cause changes in
properties of the material. The design of the
solar collector will influence the temperatures
attained by the collector covers. This heat sta-
bility test is intended to be an early screening
device to discriminate between materials that
are probably not suitable for solar collector
covers and those that may have value in this
apphcanon

® Suitable nonionic detergents include Alconox, available
from - Alconox, Inc., 217 Park Ave. S.,, New York, N. Y.
10003; or Triton DF16 and Triton X100, available from
Rohm and Haas, Industrial Chemical Dept Ph:ladelphxa,
Pa. 19105; or equivalent:

¢ This proposed practice is a draft under developmem A
copy of the'latest draft is available from’ASTM Information
Center,l9lb Race Si., Philadelphia, Pa. 19103.



