NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

[‘IM) Designation: E 1084 — 86 (Reapproved 1996)
i’

INTERNATIONAL

Standard Test Method for
Solar Transmittance (Terrestrial) of Sheet Materials Using
Sunlight *

This standard is issued under the fixed designation E 1084; 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. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 4. Summary of Test Method

1.1 This test method covers the measurement of solar 4.1 Using a pyranometer to measure the solar irradiance, the
transmittance (terrestrial) of materials in sheet form by using d@est specimen is inserted in the path of the rays from the sun to
pyranometer, an enclosure, and the sun as the energy sourdbe pyranometer. An enclosure with a nonreflecting bottom is

1.2 This test method also allows measurement of solaused to avoid measuring flux from around the edges of the

transmittance at angles other than normal incidence. specimen or from multiple reflections between the box and the
1.3 This test method is applicable to sheet materials that argpecimen. The transmittance is the ratio of the flux measured
transparent, translucent, textured, or patterned. with the specimen in the light path to the flux measured without

1.4 This standard does not purport to address all of thethe specimen in the path.
safety concerns, if any, associated with its use. It is the =
responsibility of the user of this standard to establish appro->- Significance and Use
priate safety and health practices and determine the applica- 5.1 Solar transmittance is an important factor in the admis-

bility of regulatory limitations prior to use. sion of energy through fenestration, collector glazing, and
protective envelopes. This test method provides a means of
2. Referenced Documents measuring this factor under fixed conditions. While the data
2.1 ASTM Standards: may be of assistance to designers in the selection and specifi-
E 284 Terminology of Appearante cation of glazing materials, the solar transmittance is not
E 772 Terminology Relating to Solar Energy Conversion sufficient to define the rate of net heat transfer without
2.2 Other Document: information on other important factors.
ASHRAE Handbook of Fundamentéls 5.2 This test method has been found practical for both
, transparent and translucent materials, as well as for those with
3. Terminology transmittance reduced by highly reflective coatings. This test
3.1 Definitions: method is particularly applicable to the measurement of

3.1.1 pyranometer n—a radiometer used to measure thetransmittance of inhomogeneous, fiber reinforced, patterned, or
total solar radiant energy incident upon a surface per unit timeorrugated materials since the transmittance is averaged over a
per unit area. This energy includes the direct radiant energyarge area.
diffuse radiant energy, and reflected radiant energy from the 5.3 This test method may be used to measure transmittance
background. of glazing materials at angles up to 60° off normal incidence.

3.1.2 solar reflectancen—the ratio of reflected to incident Nore 1—A technique similar to the one described but using a pyrhe-
solar flux. . . . liometer has been used for the measurement of specular solar reflectance;

3.1.3 solar transmittance n—the ratio of transmitted t0 powever, there is insufficient experience with this technique for standard-
incident solar flux. ization at present.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 solar flux n—the total radiation from the sun, both 6. Apparatus
direct and diffuse. 6.1 Enclosure—The required apparatus is a box capable of

supporting a 0.60 m (24 in.) square specimen. The box shall

* These test methods are under the jurisdiction of ASTM Committee E44 oave a square, clear aperture of no less than 0.50 m by 0.50 m
Solar, Geothermal, and Other Alternative Energy Sources and is the direcf20 in. by 20 in.). The enclosure shall have provisions to hold
responsibility of Subcommittee E44.05 on Solar Heating and Cooling Subsystemgpecimens p|anar across the aperture with the additional
a”‘éffeftm:d'mon approved Feb. 21, 1986. Published April 1986. capability to remove and replace the specimen easily during the

2 Annual Book of ASTM Standatdéol 06.01. measurement process. It shall also have the capability to move

® Annual Book of ASTM Standardeol 12.02. the specimen across the aperture in a systematic way. Light

4 Available from American Society of Heating, Refrigerating, and Air Condi- i
fioning Engineers, 1791 Tullie Circle N.E. Atanta, GA 30320 baffled air vents at the top and bottom of the enclosure are
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recommended to aid cooling of all components when aventionally mirrored glass. For highly diffusing materials, a box with the

specimen is in place. The inside of the box shall have side wallspecified aperture and blackened side walls, the test method could
covered with mirrors having specular, solar reflectance greatéltnderestimate the transmittance by up to 0.03. Using highly reflecting side
than 0.85 that extend from the opening down to the plane of thgalls on the interior of the enclosure reduces this error for such materials
sensof element. Therest of the inside of the box shall béo less than 0.01 transmittance unit. For highly specular materials, this

. . rror is negligible.
blackened so that its solar reflectance is less than 0.10. RN 3 gFgr an enclosure with a highly reflecting bottom, the mea
. . - oTe 3— ure wi ighly i , -
typical unit is shown in Fig. 1. sured transmittance could be greater than 0.05 too high due to multiple
Note 2—Mirrors having the necessary specular reflectance are brighteflections. A blackened bottom having less than 0.10 reflectance will hold
anodized aluminum lighting sheet, aluminized polymer films, and con-
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300 mm radius

(A) Specular mirror, 500 X 50 mm. (J) Standard 2 X 4 in. wood framing, 75 mm long (bottom to center of hole)
(B) Nonreflecting, black bottom. Nontransmitting louvers or multiple layers of grill (K) Rectangular, % in. plywood, 500 X 75 mm.

cloth that allow air circulation into the enclosure are preferable.

(C) Pyranometer (L) ¥ X 2in. carriage bolt with wing and washer.

(D) Support shelf for pyranometer. The height of the shelf will depend on the (M) ¥ain. iron pipe.

pyranometer used.

(E) Semicircular disk 538 mm diameter out of ¥in plywood. (N) U-bolts.

(F) Semicircular tracker with scale (P) Primary tracking axis, aligned parallel to earth’s axis of rotation. The axis shall
make an angle with the vertical equal to the local latitude and point toward the
North Star.

(G) Lip of flange turned up to 20 mm to help support specimens (Q) C-clamp attached to arm to lock equatorial angle during measurements.

(H) 50 mm flange bent out of sheet metal or cut from wood. Top surface is (R) \Vertical support post approximately 1 m long. Made from standard 2 X 6 ft

painted back to prevent light entering enclosure due to multiple reflections from lumber.
around the specimen edges.

Note 1—This apparatus consisting of enclosure, detector, and equatorial mount has been found acceptable for measuring solar transmittance of sheet

materials. The majority of the pieces are cut from standard 2.4, 2 by 6¥aind plywood construction materials.
FIG. 1 Apparatus Consisting of Enclosure, Detector, and Equatorial Mount
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this error to less than 0.005 transmittance uhits. 6.3.1.2 sensitivity that is isotropic except for the usual
6.2 Tracking cosine response with altitude angle; and
6.2.1 The enclosure shall be mounted in a manner that 6.3.1.3 output linear to within-2 % from 0 to 1000 W/m2
allows repositioning approximately every 15 min in order toOr calibration curves accurate to within2 % over the same

track the sun. The use of an equitorial or altazmuth mount igange. Additional desirable characteristics are relative short-
recommended and automatic solar tracker is optional. time constants of a few seconds and good temperature stability.

6.2.2 For manual traCking'. an alignment quic,:e shall be Note 4—When using pyranometers meeting WMO Class 2 specifica-
used. Several acceptable devices are shown in Fig. 2. tions in this procedure, the inaccuracies due to these sources are expected

6.3 Sensor to be less than 1 %. This is because relative, rather than absolute, readings

6.3.1 The sensing element of this apparatus is a pyranometare made over a dynamic range that is small compared to the range of the
that shall meet WMO Class 2 specificatiofls 2)® The most ~ sensor. The procedure and apparatus specified in this test method
important characteristics for the pyranometer are as follows: Minimize the thermal drift during the measurements.

6.3.1.1 a flat spectral sensitivity-@ %) over the region 6.3.2 The pyranometer shall be located so that the sensing
from 300 nm to 3000 nm that encompasses nearly all thenermopile (not the dome) is centered approximately 50 mm (2
terrestrial solar flux; in.) below the plane of the rim of the box. Normally pyranom-
- eters have a 180° viewing angle, but when placed as described,

S Flat black paints that are satisfactory for this purpose are 3M brand ECP-2208he field angle to the midpoint of the edges of the test specimen

available from 3M Company; Parson’s Black available from Eppley Laboratories,jis 157°.
Newport, RI; or Krylon Flat Black. Other flat black paints may also be satisfactory. 6.3.3 For pyranometers with thermal control shields having

Also, a lining of opaque black velvet cloth such as available from photographic, . .
suppliers is suitable. high reflectance, for example, the Eppley P.S.P.) it is important
® The boldface numbers in parentheses refer to the list of references at the end that the reflection from the pyranometer back toward the sheet

this standard. material under test be minimized. This can be done by covering

o

(a) Semicircle with scale (b) 12.7 mm (%2 in.) ID pipe by 195 mm (7.67 in.) long.
(A) Semicircle with 143 mm radius cut out of 150 300 mm piece of %2 to %4 in. Note—Realign when direct from the solar disk no longer traverses the pipe.
plywood.
(B) Tape with 1 cm scale attached to inside of semicircle.
(C) This opaque sheet (preferably metal) with 3 mm aperture centered above
semicircle.
Note—A displacement of the light beam coming through the aperture of 1 cm on
the circumference of the semicircle equals 4° misalignment. This tracker is conve-
nient for determining angles for off normal incidence measurements.
(¢) 9 mm diameter rod by 500 mm long centered on 80 mm
diameter white disk.
Note—Realign when shadow of rod falls outside of white disk.

Note 1—The dimensions are chosen to provitdel® limits on deviations from normal to the sun. In) @nd (c) care must be taken to mount the rod

or pipe perpendicular to the surface of the enclosure.
FIG. 2 Alignment Devices for Enclosure
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the shield with a nonreflecting material or by mounting the j = the jth individual measurement of the transmittance,
pyranometer outside the enclosure with only the dome and and
sensor element projecting into the box. n = the number of individual measurements made.

Note 5—Mounting the pyranometer outside of the enclosure also 8.8 Align the apparatus, at least every 15 min.

reduces the heating load and cooling requirements for the pyranometer.. 8.9 Wh_en measuring corrugated _Or nor_]umformly transmit-
ting specimens, translate the specimen in such a way as to

7. Specimens obtain an average value for the transmittance. Since a system-
0 ,’;Hic translation over one period of structure is required, it is

(24 by 24 in.). Care must be taken to prevent light leaks at th@ermissible to P?”‘Ofm the step in 8.3. Then take sever_al

edges, especially if the cross-sectional shape of the specimen asurements W|th_sample on the box (8.4) before_ repeating
not flat. Also, if the cross-sectional shape is not flat or if thethe step in 8.3, provided these before and after readings are in
specimen is patterned, a specimen enough larger to aIIO\(A\)OSe agreement,

translation across the pyranometer by at least one period of theNote 8—Do not leave the specimens on the box for periods longer than

7.1 The test specimens shall not be less than 0.60 by 0.6

shape or pattern is required. 10 min since it may cause overheating of the sensor, resulting in nonlinear
response or even permanent damage.
8. Procedure 8.10 Measurement of the solar transmittance of sheet mate-

8.1 Conduct the tests on a sunny day with no cloud covefials at angles up to 60° off normal incidence is also permitted
within+ 15° of the sun and a minimum normal solar irradiancePy this test method. To do this, align the box aperture with
of 700 W/m2 and constant to within 1 % during the individual "€Spect to the solar angle to provide the desired incidence
tests. Conduct testing as close to solar noon as possible but A8dle, and follow the steps in 8.4 to 8.7.
more tha 3 h before or after solar noon.

8.2 Set up apparatus at a location where no prominen%' Report ) o )
structure or vegetation is nearby in the pyranometer’s field of 9-1 The report shall include the following information:
view. 9.1.1 The source and identity of the test specimen,

8.3 Align the box aperture to within 4° of the normal to the 9.1.2 A complete description of the test specimen, that is,

sun’s rays, and measure the solar flux with no specimen ithickness, cross-sectional shape, color, size, translucent or
place. Allow adequate time for the trace or reading to stabilizelf@nsparent, type of material. _
9.1.3 The orientation of the sample based on any nonuni-

8.4 Place the test specimen on the box and measure ﬂ?e . . .

: : ! : ormity or anisotropy such as surface coatings, exposed surface
transmitted solar flux, again allowing adequate time for thefiber grientation c?:))llor bands, etc. during egch mF()aasurement
trace or reading to stabilize. ’ oL o

g 9.1.4 For each angle of incidence used, report the following

Note 6—Operate the pyranometer as directed by its manufacturénformation.
except that horizontal mounting requirements must be ignored. Long 9.1.4.1 The angle of incidence.
response times are undesirable because of the potential measurement erroy 1 4.2 The solar transmittance as the average of the five or
due to changing irradiance and the inconvenience of slow sample,, o measurements to the nearest 0.01 transmittance unit.
throughput. The manufacturer shall be consulted if response times other 91.43 Th timated standard deviati f th
than original provided are desired. 1.4, e' estimatea standar eviation o € average
calculated as in 8.7.

8.5 Compute the solar transmittance of the test specimen asg.1.4.4 The number of measurements used in the computa-
the ratio of the flux measured when the test specimen is placagn.

between the sun and the sensor to the flux measured by theg 1.5 The place, date, and time of the test.
sensor with no test specimen in place. 9.1.6 The solar irradiance as measured in 8.3.
Note 7—For a sensor with linear response, the ratio is equal to the ratio 9-1-7 Type, model, serial number, and current calibration

of the output signals with and without the specimen in place. curves of sensing unit used,
. - L 9.1.8 Ambient air temperature, relative humidity, and atmo-
8.6 Repeat the steps in 8.3 and 8.4 a minimum of five timeg ikl P ¥
. ) e pheric visibility.
or until the estimated standard deviation of the average value
for the calculated transmittance is acceptable. Make eachp. precision and Bias
measurement with the specimen in a different location.

87 C h ) d dard deviati £ th 10.1 Precision: The within laboratory precision in the
: ompute the estimated standard deviation of the aveg, o rement depends on the nature of the specimen and is

a_lge. transmittance of the specimen using the following equajefineq as the estimated standard deviation in the average

tion: transmittance. The imprecision decreases as the number of
measurements increases in a complex way that is approxi-
mately proportional to )-1/2. Data from one series of tests

@ using this test method is reproduced in Appendix X1. The
estimated standard deviation obtained from eight measure-

where: _ L ments varies from-0.002 transmittance units for a transparent

S = the estimated standard deviation of the average,  acryilic sheet to+ 0.025 transmittance units for a highly

3 the average transmittance, embossed diffuser for lighting fixtures.
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10.1.1 The between laboratory precision is affected by the 10.2.2 For measurements made at normal incidence in a
differences in the terrestrial irradiance distributions at variougparticular location and weather conditions, the bias of the
sites. These arise from differences in altitude, latitude, andesults is expected to be better than 0.02 transmittance units for
atmospheric water vapor and aerosol levels. Differences of uthose particular conditions. This is based on the root mean
to 0.04 transmittance units can be expected for some materiadgjuare of the estimated uncertainties due to the various
such as polymers that have considerable spectral dependengsmponents of the apparatus described in Section 6.

(3). Evidence for even larger variance in transmittance of 145 3 The bias of the measurement decreases with increas-
weathered (yellowed) polymers exists. Thus, transmittancg,, angie of incidence. For transparent materials, the transmit-
values obtained at an arid, high altitude site while using th'ﬁance measured at 60° incidence is shown in Table X1.2 to be
test method may vary a f(_aw percent from the transmittancgvithin +0.005 of the value calculated using Fresnel coeffi-
measured at a marine location. Obviously, each measured Va“&?ents (4) and the data from measurements at normal inci-

is correct only for the particular measurement enwronmentdences_ For translucent materials, the errors for off normal

Zzsirgitrjﬁggt:mu'd be used in applying the results o Othe|F1cidence measurements could be as much as twice as large as

10.2 Bias those for transparent materials.

10.2.1 No rigorous bias statement can be made because oﬁ Kevwords
lack of standard reference materials and the variations in the™ Y
terrestrial solar spectral irradiance. 11.1 sheet materials; solar transmittance; transmittance

APPENDIX
(Nonmandatory Information)

X1. Table X1.1 and Table X1.2

TABLE X1.1 Data for Solar Transmittance of Three Different
Sheet Materials Obtained Using Test Method E 1084

Solar Transmittance

Measure-
ment Float Translucent Prismatic
Number Glass Shower Textured
6 mm thick Curtain Diffuser
1 0.864 0.865 0.804
2 0.869 0.870 0.786
3 0.870 0.891 0.957
4 0.864 0.883 0.917
5 0.859 0.867 0.974
6 0.862 0.873 0.799
7 0.740
8 0.905
average 0.865 0.875 0.86
sA 0.002 0.004 0.03

AS, = estimated deviation of average.

TABLE X1.2 Comparison of Angular Dependence of Transmittance Measured by Test Method E 1084 to that Calculated Using
Fresnel Formulas (3)

Index of Normal Transmittance
Material Refrac- Incidence
tion Absorptance 0° 15° 30° 45° 60°

Flat Glass 1.52 0.060

Measured 0.865+ 0.002 0.865 + 0.001 0.856 + 0.001 0.840 = 0.002 0.780 = 0.003

Calculated 0.865 0.864 0.859 0.843 0.783
Transparent 1.48 0.021
Plexiglas

Measured 0.908=+ 0.002 0.909 =+ 0.002 0.900 * 0.003 0.893 *= 0.003 0.833 = 0.003

Calculated 0.908 0.908 0.905 0.890 0.830
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